287
30

28°

.00

.

27°
Qo'

ENVIRONMENTAL STUDIES

t

SOUTH TEXAS OUTER CONTINENTAL SHELF;
BIOLOGY AND‘CNEMISTRY .
. 97°%0' ~ sr1°00 M
' T I LB v - -7
o—:ﬁ-::?..:-.::im NAuﬂCAL
- L-:H:P K'LOMETE RS . .

FROM: |
UNIVERSITY OF TEXAS- 7~ [ ..
TEXAS ASM UNIVERSITY: «~;‘ -

RICE UNIVERSITY - B
UNIVERSITY OF . TEXKS 3
AT SAN ANTONIO o

N | N .




ENVIRONMENTAL STUDIES,
SOUTH TEXAS OUTER CONTINENTAL SHELF,

BIOLOGY AND CHEMISTRY

Submitted to:

The Bureau of Land Management
Washington, D. C.

by

The University of Texas Marine Science Institute
Port Aransas Marine Laboratory
Port Aransas, Texas 78373

Acting for and on behalf of FINAL REPORT

A Consortium Program 1976

Conducted by: VOLUME II
CHAPTERS 9 -~ 18

Rice University CONTRACT AAS550-CT6-17

Texas A&SM University
The University of Texas

September 15, 1977



CHAPTER

CHAPTER

CHAPTER

CHAPTER

CHAPTER

CHAPTER

CHAPTER

CHAPTER

CHAPTER

CHAPTER

10.
110
12.

13.

14,

15.

16.

17.

18.

CONTENTS

. INVERTEBRATE EPIFAUNA AND MACROINFAUNA

DEMERSAL FISHES -

. HISTOPATHOLOGY OF INVERTEBRATE EPIFAUNA

HISTOPATHOLOGY OF DEMERSAL FISHES

. HISTOLOGICAL-HISTOPATHOLOGY SURVEY OF GONADAL

TISSUE OF MACROINFAUNA AND DEMERSAL FISHES OF
THE SOUTH TEXAS OUTER CONTINENTAL SHELF

SEDIMENT TEXTURE
SELECTED WATER COLUMN MEASUREMENTS: LOW-

MOLECULAR-WEIGHT HYDROCARBONS, NUTRIENTS
AND DISSOLVED OXYGEN

. HIGH-MOLECULAR-WEIGHT HYDROCARBONS IN

ZOOPLANKTON, SEDIMENT AND WATER

. HEAVY MOLECULAR WEIGHT HYDROCARBONS IN

MACROEPIFAUNA AND MACRONEKTON

. TRACE METALS IN EPIFAUNA, ZOOPLANKTON AND

MACRONEKTON

(See Volume I for a complete Table of Contents for each Chapter and
Lists of Tables and Figures.)

ii



CHAPTER NINE
INVERTEBRATE EPIFAUNA AND MACROINTAUNA

University of Texas
Marine Science Institute
Port Aransas Marine Laboratory

Principal Iavestigator:
J. §. Holland

Agsociate Investigators:
Joan Holt

Scott Holt

Rick Kalke

Mark Poff

Nancy Rabalais

Steve Rabalais

Steve Cornelius

Allen Dixon

Granvil Treece

Technical Assistants:
Nancy Wohlschlag
Joyce Pulich

Lynn Tinnin

Rellis Chandler



9-2

ABSTRACT

Light-hundred nmacroinfauna samples and 222 invertebrate epifauna
samples were collected in 1976. Six replicate macroinfauna samplas were
collected seasonally at each station with a 0.025am° Smith-MacIntyre bottom
grab. Epifauna samples were collected with a 10.7-m Texas box otter trawl;
one daytize and one nighttime trawl were taken per station.

Based on cluster analyses, macroinfauna collections were divided into
three .station groups, shallow, mid-depth, and deep. (Station 3/1IV and
6/1V were separated as a subgroup of the deep-station group.)

Three habitat types were identifiad in the STOCS study area based cn ®
location and sediment: shallow muddy-sands and mid-depth transitional
sediments; deep silty-clays; and, deep muddv sands. Infaunal densities
(number of species and individuals) were nighest in shallow and deep
muddy=~-sand sediments.

Cluster analyses of inverzebrate epifauna grouped stations by depth
with a major separation between inner-shelf stations (10-49 m) and
outer-shelf stations (63-134 m). Number of species was zenerally greater
in the outer-shelf area than in the inner-shelf, but number of individuals
was much greater in the inner-shelf.

An assessment of small-scale distribution patterns revealed that
macroinfauna populations were more aggregated inshore than at deeper, off-
shore stations. Inshore communities were distridbutaed on a smaller scale,

1.2., the same sampling effort obtained a greatar percentage of the
inshore species than of the offshore species.



INTRODUCTION

The benthic invertebrate epifauna and macroinfauna study conducted
as an element of the 3LM-STOCS project is designed to provide information
on the current status of benthic invertebrate populatioas of the South
Texas Quter Continental Sheli. The focus of the first two years of this
study has been: 1) the identification and enumeration of the macroin-
fauna and invertebrate epifauna inhabitiang the STOCS study area; 2)
delineation of faunistically similar geozraphical regions and iden=ifi-
cation of faunal assemblages characteristic of thase regiﬁns; and 3)
corralation of the observed invertebrats epifaunal and macroinfaunal
distributions and abundances with other biological, chemical, and physi-
cal factors investigated in the study.

Iavertebrate epifauna, particularly those of commercial importance,
have been relatively well studied along the inner-shelf of the Gulf of
Mexico. Results of early biological investigations in the Gulf of Mex-
ico using the USGS steamer 3LARE (1877-1879) under the supervision of A.
Agassiz are found in the first 50 volumes of the Bulletin of Comparative
Zoology, Harvard University. More recent general survevs were conducted
aboard the USFWS exploratory fishing vessel OREGON in the Gulf of Mexico
(Springer, 1951; Springer and Bullis, 1936), and by the Texas Parks and
Wildlife Department along the Texas coast (Compton and Bradley, 1964;
Compton, 1965). These surveys were concerned primarily with commercial
species and little attempt was made to quantitatively assess the temporal
or spatial distribution of inve}tebrate populations. The most exteasive
survey of benthic epifaural populations of the continental shelf was that
of Defenbaugh (1976); however, this study covered only the northern portion

of the STOCS study area.



Hedgpeth (1933) presented a general discussion of the zoogeography
of the Gulf of Mexico, stating: 'There is preliminary evidence that there
are several communities [on the continental shelf], each characterized by
a somewnat different assemblage of organisms, but their areal limits are
yet to be determined." Hildebrand (1954; 1953) delinecated some of these
"cormunities' in his surveys of the brown and pink shrimp grounds of the
western Gulf. Felder (1973) provided a key and distributional notes to
Reptantia in the northwestern Gulf. These surveys were generally cecnduc-
ted in depths less than 50 m. Defenbauzh (1976) presentad the only com-
prehensive survey of the continental shelf from 50 to 150 m. Pequegnat
et z2l. (1976) surveyed the continental slope at depths greater than 200 a
and presented evidence that the outer continental shelf and upper slope
share numerous species.

Less work has been done on the macroinfaunal populations on the
continental shelf of the western Gulf of Mexico. Most iafaunal surveys
of the continental shelf have dealt with a specific group of organisms
rather than a broad-based study of all macroinfauna. Molluscs have
received the most attention. Parker (1960) surveyed the marine molluscs
to deptis of 100 m and included a few decapods and echincderms in his
report. Other surveys of the Texas continental shelf molluscan fauna were
conducted by Hulings (1955) and Kennedy (1959).

Polychaete distribution was studied by Hartman (1951) who presented
a good taxonomic key to littoral marine annelids, and by Harper (1970).
However, these studies were restricted to inner-shelf waters. Rowe (1966)
discussed polychaete distribution of the Gulf of Mexico shelf and slope.
Rowe 2t al. (1974) compared the benthic biomass of the continental shelf

and abyssal Gulf samples to benthic biomass estimates from the Atlantic.



The smaller macrocrustacea (Z.2., amphipods, ostracods, etc.) and the
minor phyla such as Sipuncula and Echiuridea have received little atten-
tion in previous penthic community structure studies of the Texas conti-
nental shel:Z.

The delineation of the structure and function of '"communities" within
the benthes is acdressed by many benthic invertebrats studies. Early
worx on marine communities by Peterson and Thorson stressed recurrence
of dominant species as the crizeria for identifying communiciss (Stephen-
son 2z 2l., 1372). More recent work by McIntesh (1967), Pielou (1989),
Boesch (1973), Helland 2T zl. (1973) and others used informatzion theory
to quantitatively assess the ''species diversity" of marine benthic com-
munitias. Following the 'time~stability' hypothesis of Sanders (1968),
it was theorized that enviroaments which are stable over long periods of
time allow for finer-scaled niche diversification and therefore greater
diversity (complexity) of the communizy. The "diversity" of a collection
is composed of two parts, species richmness and evenness of individuals
among species. Collections which are structurally quite different can
have similar diversities. For this and other reasons, information theory
"diversity'" measures have received anuch criticism (Hurlbert, 1971; Clif-
ford and Stephenson, 1973).

Numerical analysis methods are currentlv being tested and used as a
means of identifying specles assemblages and delineating the spatial
or temporal distribution of each assemblage (Field and McFarlane, 1968;
Stephenson and Williams, 1971; Eagle, 1975). These methods have proved
successful in delineating geographical boundaries cf benthic communities
on the continental shelf off North Carolina (Day et zl., 1971), Virginia

(Boesch, 1973), and South Africa (Field, 1971). Performing both normal
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(Q mode) and inverse (R mode) cluster analyses allows construction of a
two-way coincidence tabla [see Kikkawa (1968) for zood example] to faci-
litate identification of species assemblages which are characteristic of
the geograpnical zones.

Hill (1973) reported benthic invertebrate work done by the USGS within
the STOCS study area. He identified five geographical regions based cn
similarity of species composition. These regions were best correlated
with sand/mud ratios and depth, but he could not designate species which
were characteristic of any geographical zone.

Qur report of the first year's (19735) work ccncentrated on spatial
patterns in number of species, individuals, and diversity measures.
Epifaunal abundance patterns were coansidered largely a function of depth,
whereas infaunal azbundance was a function of sediment type as well as
depth. This study is one element in a large-scale survey of biclogical,
chemical and physical parameters of the northwest Gulf of Mexico. This
report concerns the second vear (1976) of the study. This study has
expanded upon the community structure investigation to include cluster

analysis and correlations with sedimentary, biological and physical data.

METHODS

Sampling and laboratory methods were little changed from those of
the first year. During the second year, sampling effort for both infauna
and epifauna was intensified. Those animals taken by trawl are opera-
tionally defined as epifaunal organisms and those in the grab samples as
infauna. Although these are artificial divisions, they are convenient
in light of our dual collecting procedures. For the infauna, the increase
in sampling effort was spatial, temporal and in number of replicates.

Twenty-five transect stations were sampled as opposed to twelve during



year 1. Monthly sampling along Transect II was implemented during the
present reporting period and the number of replicate infaunal samples was
increased Irom four to six. Eigzht new sampling stations were added around
two topographic features. Epifaunal sampling increased spatially and
temporally as did the ‘infauna, but the number of samples (one day, one
night) at each station remained the same. Two additional replicates at
10 stations were taken randomly throughout the year. A zajor improvement
in scation location and maintaining position was implementad this year
ty using LORAC navigation.

Macroinfauna was sampled with a Smith-MacIntvre bottom sampler (Smith-

2 surface area to a maximum

MacIntyre, 1954). This device samples 0.1l m
depth of approximataly 17 cm. The volume of sediment sampled is approx-
imately 0.025 @3, Six replicate samples were taken at zach station.
Since all specimens from every sample were archived, the extra sample
taken during year I for archiving was omitted this year. A single sub-
sample was extracted from each of the six replicate samples for sediment
particle size analysis. This sample was a core approximately 2 by 6 cm.
Additional sediment samples were taken concurrently with the Smith-Mac-

'

Intyre sampler for analysis of hydrocarbons and trace metals by other
investigators. ‘

Infaunal samples were placed in numbered plastic trays until washed
through a O.5-mm mesh saran bagonboard ship. All organisms and debris
collected in the bag were placed in a plastic container (nermally a 1-1
jar), anesthetized with magnesium sulfate, and preserved with 10 percent
seawater formalin containing rose bangal to stain the organisms. Each
sample was numbered and coded.

In the laboratory, each infaurnal sample was washed through a series

of three screens (minimum mesh 0.47 mm) to separate the sample into



three size fractions to facilitate separating the organisms from the debris.
As the organisms were picked from the debris with the aid of a dissecting
microscope, they were separated to taxa, usually family or genus, and
preserved in 30 percent isopropyl alconol. The sorted samples were taken

by taxonomists, identified to species (or lowest possible taxon) and counted.
All completed samples were archived, awaiting deposition in a reference
collection or museum. Data for each sample were recorded by the taxono-
mist on computer code sheets and given to the data management personnel

for keypunching. The original data sheets were returned and maintained

cn file,

Epifaunal samples were collected with a 35-ft (10.7-m) Texas box
otter trawl at all transect stations. The cod end of the trawl had 25-rm
stretched mesh. A change in the otter trawl was implemented between the
winter and spring sampling periods. During the first vear of study and
the winter of the second year, the cod end of the otter trawl was lined
with a bag which had a stretched-mesh size of 4.3 mm. Due to the
severe sampling problems on soft sediments which often resulted in the
loss of one or more trawls on a single cruise, the decision was made to
sample without the small mesh liner. Each trawl, day or night, was a
15-minute timed trawl. Speed of the R/V LONGHORN during trawling was
the minimum, generally less than two knots, to maintain headway with pre-
vailing seas. The invertebrates of each trawl sample were kept for this
study element and the vertebrates were studied by Dr. D. E. Wohlschlag.

A second trawl was taken at Statioms 1, 2, and 3 on each transect for
the hydrocarbon and trace metal analysis studies.

All invertebrates collected in each taxonomic trawl were preserved

on board in 10 percent seawater formalin. Zach sample was numbered, coded
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and returned tc the laboratory where the organisms were sorted and idea-
tified to the lowest possible taxon. Samples were preserved in 50 per-
cent iscpropyl alcohol and stored by sample, awaiting final deposition in
a reference collection or museum. A list of taxa identified through 1976
is given in Table 1, Appendix G.

Analyses of data involved several methods. Some analyses are complated
whereas others are being processed by the data management group. Basic-
ally fcur types of analysis were applied to all or portions of the benthic

invertebrate data.

Diversity

The diversity of invertebrate communities at each station was exam-
ined by calculation of a medified Shannon-Wiener diversity index (H')
(Pielou, 1966), Equitability (E) (Lioyd and Ghelardi, 1964), and Hurlbert's
Probability of Interspecific Encounter (P.1.E.) (Hurlbert, 1971).

Diversity is important in that it is commonly considered an attribute
of a natural or organized community (Hairstecn, 1964) or is related to
important ecological processes (McIntosh, 1967). McIntosh (cr.eoit.) stated
that diversity has been said to relate to community productivity, inte-
gration evaluation, niche structure and competition, to be maximal at the
climax of a successional sequence and to enhance community stability.
Hurlbert (1971) dismisses diversity as an invalid ecological concept and
fills the gap with a biologically explicable concept of community struc-
ture, P.I.E. Although species diversity indicies mav nect be as useful as
many earlier ecologists maintained, neither are they as useless as por-
trayed by Hurlbert. It is extremely naive to believe that natural com-
munities can be compared om a single number basis. However, by combining

a diversity index (H") with a measure of equitability, showing species
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richness and total abundance and providing P.I.E. values on the same data,
a reasonable measure of comparison of diversitv between communities can be

afforded.

Small Scale Distribution

Since the nature of marine benthic sampling habitats (depth and tur-
bidicy of water and the burrowing and secretive nature of many of the
populations) precludes observing the ccmmunities directly, several assump-
tions ares often made concerning marins benthos distribution. TFirst, the
number of replicate samples taken is assumed suificient to adequately
sample the ccmmunity. Often little thought is ziven to what portion cf
the community is actually being sampled. The corollary to this assump-
tion is that since a given number of replicates is '"adequate' at one
portion of the study area, it will be adequate at all others. A te;hnique
described by Gaufin 2f al. (1936) was applied to special sets of 12 rep-
licate samples from three stations on Tramnsect II to ascertain what per-
centage of the "total" number of species might be collected at differing
levels of sample replication and to see if the same percentags of the
"total" species at various stations would be obtained from similar repli-
cate numbers. Also inherent in many sampling programs and many analvsis
gechniques is the assumption that populations within a community are sim-
ilarly distributed. Several recent authors, including Gage and Gaekie
(1973), Alley and Anderson (1968), Xosler (1963), Rosenberg (1974) and
Jumars (1975), weras interested in dispersion patterns of populations with-
in communities. Ia this study, several analysis techniques presented
by these authors were used to ascertain whether or not species at the
several.stations on Transect II were aggregating. These techniques

included the ratio of the variance to the mean (coefficient of dispersion



7T

of some authors) as used by Gage and Geekie (1973) and several methods for
testing the significance of this coefficient (described by Gagze and Geekie).
Jumar's (1975) Dispersion Chi~Square analysis was also applied to the
species data from the suites of 12 samples from Statioms 1, 2 and 3,
Transect II. This test is a somewhat more sopnisticated test for species
dispersal patterns than the Coefficient of Dispersion, but tests essen-

tially the same thing.

Multivariate Analvsis

One of the opportunicies afforded a research elasment in a research
program such as the 3LM-STCCS is that of seeking similar patterns or
correlations with data from other study slements. Data from other research
elements were examined, including bottcm tamperatures, bottom salinities,
sediment particle size and fish distribution. A multi-correlational anal-
ysis is being conducted using the benthic data (number of species and
number of individuals per statioa, H'", P.I.E., and individual species
distribution) as dependent variables with data from other elements within
the STOCS project as independent variables. Suites of independent variables
are being analyzed as to total correlation with each of the dependent
variables, and those single independent variables Jost closely correlated

with the dependent values, will be elicited.

Cluster Analysis

The methods of similarity analysis, developed primarily by taxono-
mists and plant ecologists, have shown great potential in many fields of
ecology. They have the advantage of using all the species abundance infor-
mation available and are free of distributional assumptions. There are

many possible methods for use with a given set of data, including correla-



tion coefficients, information content measures, Zuclidian distance and
similaricy (dissimilarity) coefficients. Comparisons of various methods
on a single set of data have vielded some reccommendations as to the ''best"
zethods for various types of data. Excellent reviews and discussions of
the various methods are given by Andevrbergz (1973), Sneath and Sokal (1973)
and Clifford and Stephenson (1975).

The cluster z2nalysis computations were done on an Amdal 470V/6 at
the Texas A&M University Data Processing Center using the program CLASS
developed by Dr. Robert W. Smith of the Department of 3iology, University
of Southernm California.

The analysis used in this study involves four steps. The first

tep is the computation of the dissimilarity between all possible pairs

w
'Q

of collections or stations based on the species present. [The term sta-
tions used here is synonymous with sites of Stephenson 2% al. (1972) and
Operational Taxonomic Units (0TU's) of Sneath and Sokal (1973).] The
resulting coefficients were tabulated in matrix form with one coefficient
for every pair of entities to be classifiad. This measure of dissimilarity
between pairs of entities can be expressed as the ecological distance
between the two and the matrix is commonly called the 'distance matrix'.
The dissimilarity measure used in this study is the Canberra-Metric,
which is:
3 erj - X,]
1 le + X

M

Since this is the mean of a series of fractions, an outstandingly large
value will contribute to only one of the fractions; however, it is strongly
influenced by presence/absence data. That is, if Xij is 0 and X2j is any

whole number, the resulting fraction is unity. Therefore, differences of



9-13

0 and 100 and of O and 1 carry the saze weight, which does not make for
good ecological interprataticn. The solution to this is to replace the
zero values in the matrix with a positive number smaller than any of the
recorded values (Stephenscn, 1972). A good rule of thumb is to replace
the zero values with a number 1/5 of the smallest walue recorded (Stephen-
son 2¢ 2., 1972).

The second step in the process is clustering o individual sices
into groups which nave the greates: inter-group affinities. The cluster-
ing strategies considered were ''group average' [equivalent to the unweighrad
pair group methed of Sneath and Soxal (1973)] and "flexible" (Lance znd
Willizms, 1967). Comparisons of various sorting strategiss are given by
Field and McFarlane (1968), and Prichard and Anderson (1971). )

Group average sorting is a space conserving strategy which clusters
only weakly and is little prone to zisclassificaticn (Stephenson 2% cl.,
1972) . TFlexible sorting is a space dilating strategy which results in
sharper clusters than group average. This sorting strategy is based on
a generalized formula for hierarchical clustering methods given by Lance
and Williams (1967). A good discussion of its properties are given in
Sneath and Sokal (1973) who showed the results of using various valueg of
3. Flexible sorting, using the now conventional value of 8 = =.25 (Boesch,
1973; Clifford and Stephenson, 1975), was adopted for this analysis.

The next step was to display the results of the clustering in the
form of a dendrogram. This is a "tree" diagram in which the tips of the
branches represent individual stations and the successive nodes indicate
fusion of individual stationms or groups of staticms into larger and lar-
ger clusters. The vertical distance between nodes represents the amount

of dissimilarity or the relative difference hetween successive groupings.



The analyses described thus far were used to classify szations in
terms of species composition to produca ''station groups''. It is also

desirable to classify the species in terms of the stations at which thev

H '

occur. The former is called a "normal analvsis,' the latter an "inverse
analysis' (Field and McFarlane, 1968). These are refarred to as "Q" and
"R'" analysis, respectively, in some literature. The procadure for inverse
analysis is the same as normal analysis except that species were used as
entities and station distribution as attributes.

The final step is to display the origirnal dacta in a two-way coinci-
dence table in which the stations and species are rearranged to conicra to
the sequence gsneratad by the normal and inverse analysis. In such a
table it is readily apparent which species-groups characterize which
station-groups. The two-way table is often helpful in deciding whether
or not to subdivide ill-defined clusters in the dendrogram. Careful exam-
ination of this table may also reveal misclassifications of stations
(or species) in the analysis and these can be allocated to a more suitable
group.

Taxa which were incompletely or inconsistently identified and those
species which occurred so seldom as to contribute little or no additional
order to the analysis, were eliminated. Elimination of these species also
reduced computing time. For further discussion of data reduction see
Stephenson et al. (1970), Stephenson et al. (1972), Field (1971), and
Day ¢t aZ. (1971). In the epifauna, those species collected less than
three times in the three seasonal samples were eliminated from analysis.
This reduced the number of species by 34 percent, but reduced the number
of individuals by only .04 percent. Many more infaunal than epifaunal

taxa were taken in each season but many of the infaunal taxa were taken

in low abundance. Data reduction in the infaunal analysis was more severe,



Zach seasonal infaunal analysis utilized approximatelyv 40 percent of the
taxa and 93 to 97 percent of the individuals.

For normal analysis, the data were used wicth no transformations
since the Canberra-Metric coefficient is not sensitive to dominance and
no distributional assumptions are made.

For the classification of species groups, it was more important to
consider the relative differences of each speciss a:t each station rather
than the magnitude of the differences between species. To accomplish
this, th2 species abundance data wers standardized by nora ’I(n) 2 (Noy~
Meir, 1973) prior to inverse classification.

The measure of constancy and fidelity of spacies ars zood measures
of the extent to which a species (or species-group) is related to a parti-
cular station-group. Stephenson 2% cl. (1970) and Stephenson (1972) give
good discussions of these concepts. Briefly, a spacies has very high
constancy i1f found at all stations within a station-group, although it
need not be restricted to only one station-group. A species is nighly
faicthful (high fidelity) if it occurs in oaly one station-group, although
it need not occur at every station within that station-group. Generally,'
those species which are highly faithful to a s;ation-group are those which
have narrow habitat requirements or low tolerance to certain environmental
parameters. These highly faithful species can citen be used as indicators
of particular environmental conditions. Constancy is strongly influenced
by relative abundance of individual species. These species which have
relatively high abundance are more likely to be capturad at many stations
(and have high comnstancy) than are those species with relatively low
abundance. The concepts of constancy and fidelity are useful in inter-

preting the results of cluster analysis.



9-16

Epifauna

A total of 140 epifaunal taxa were identified from the 1976 trawl
collections. Composition of the epifauna by major taxonomic groups was:
Coelenterata - 4 percent; Mollusca - 20 percent; Crustacea -~ 66 percent;

. . . g , P
rgonyperceus similis, Sicyeonia dersalis

and, Echincdermata - & percent.
(reck shrimp), Callinectes 3imilis (Gulf crab), and Fenceus zzvecus (brown
shrimp) were the four most abundant species. A list of species and
abundance for each trawl are given in Table 2, Appendix G. A number of
new records and probable new species from the northwestern Gulf have
resultad from more detailed taxonomic determinations. These findings

are interesting from a systematic and zoogeographic wviewpeint and will
undoubtadly contribute to understanding the ecology of the area. A
revised list of benthic invertebrates from the STOCS is presentad in

Table 1, Appendix G.

Cluster aAnalysis

Classification analysis of epifaunal seasonal data iacluded a sep-
arate analysis of each season and an analysis of the winter, spring and
fall data combined. Information on temporal and spatial differences
within the study area were much the same in both types of cluster analysis.
To avoid redundancy, only the combined seasonal data are presented here.

Normal analysis of the epifaunal data (Figure 1) grouped stations
by depth with little tendency toward seasonal or latitudinal groupings.

The major separation was between inner-shelf stations (10-49 m) and outer-
shelf stations (653-134 m). Subdivisions within these groups formed four
station-groups based on depth: Group A ~- composed of shallow-intermediate

depth stations; B--shallow stations; D--deep stations; and F--deep-inter-
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Figure 1. Normal Dendrogram From Cluster Analysis of Seasonal Epifaunal
Data. Numbers Preceding the Station Designations Refer to
Depth (in meters). Letters Designate Station-Groups.
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mediate stations. An exception to this pattern was group C, which contained
fall and spring data from stactions with a wide range of depths. A map

of the study area (Figure 2) shows stations which were clustered in the

same station-group in at leaest two of the thres seasons. Station 1/I1I

did not fit into a combined ssasonal station-group because Station 1/III
(winter) grouped with shallow stations (B), Station 1/III (fall) grouped
with the shallow-intermediate stations (A), and in the spring, Stazion

1/I1I grouped with the other depauparate stations (C) since it had only

one species. In fact, all stations less than 33-m deep showed less

(r

fidelity

0 a station-group than did deeper stations.

Species-groups formed by inverse analysis (Figure 3) are shown in a
two-way constancy table (Figure 4). The relationships of species-groups
to station-groups are clearly apparent. Collections from shallow stations
(group B) had nigh constancy of species in spacies-groups 2, 3, and 4.
Species in group 2 were more characteristic of Stations 4/I, 1/I and 1/IL
(group 3) than of other shallow stations, but group 4 species were highlv
constant in all shallow collections. The two-way constancv table allows
resolution of the problem of why station-group C did not fit a depth
pattern. The paucity of the collections from statiocns in greoup C did not
provide enough information to group these stations with others. Many
shallow stations, collected during the fall seascn were in group C, imply-
ing some seasonal change in the shallow-shelf fauna. Shallow-intermediate
depth stations (group A) were characterized by large numbers and very high
constancy of most species in group 3, which includes the top four numeri-

. -

cally dominant species Trachyrencsus similis, Sicyonia dorsalis, Cal

.

o

.q .

nectes similis and Penceus zztecus. Most of the group 3 species were

collected at stations in all depths but were rare in deep collections (D).



CORPUS
CHRIST!

Figure 2. Location of Station-Groups (A-E) from Cluster Analysis
of Seasonal Epifaunal Data.
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Pengeus aztecus was the only specias collected regularly throughout the
studv area. Species most abundant and constantly found in each depth
zone are listed in Table 1. Most shallow shelf species had their widest
distribution in winter, were most abundant in winter or spring and were
very reduced in distribution and abundance in the study area in fall.

Y

Examplas of this distribution are Fengeus 32t 2rus (white sarimp) and

Jenilia mullert (sea pansy) (Figures 5 and 6).

Shallow-incermediate zone specias were generallv most aumerous in
spring and this high abundance in both the shallow-intermediata and shal-
low zones contributed to seasonal variation in inner-shelf station pat-
terns. Intermediats-depth and deep~shelf species numbers and distribu-
ticn were relatively constant through the seasons. Many deep-shelf
species were collected in low numbers and were not highly constant to
the déep station-group.

There was a minor division of Transect IV winter and fall collections
from other intermediate-deep stations (Ep) due to a small group of species
taken only at ‘these southern stations. Sediment composition zt Statioas
6/IV and 3/1IV in winter and fall samples was 50 percent or more sand as
compared to generally less than 10 percent sand at the other outer shelf
stations. There seemed to be an influence of latitude and bottom type
contributing to the differences found at the southern-most statiouns.

Results of cluster analysis of monthly collections on Transect IT
(Figures 7 and 8) reaffirm the depth zonation seen in seasonal analysis
and show strong seasonal variation in shallow-intermediate Stations 1/1I,
4/1IT and 2/II. Station-groups D and E, containing these 22-49 = statioms,
are well separated from the deeper stations. Group D contains most of

the July through December collections while group E contains November

through spring. All collections from Station 3/II clustered tcgether



SPECIES MOST ABUNDANT

AND CONSTANT

TABLE 1

FOR EPIZAUNAL CLUSTER ANALYSIS

AT COMBINED-SEASONAL STATIONS

Depth Zone Abundance Species Range of
Rank Distribution (@)%
Shallow Ccelenterates
9 Remilia mullers 10-40 (+1 at 98 m)
Molluscs
25 Cantharus carcellaric  10-22
Stomatopods
7 Squilla emrusa 11-93
Natantia
4 Perceus aztacus 10-131
12 Pengeus cucraram 10-27
22 Pevaeus setilarus 10-65
1 Irazcryperceus similis 10-98
14 Acgies creroara 10-3¢4
Reptantia
45 Hepatus epneliicus 10-25
44 Perserncra mediierraneg 10-18
3 Ca.linectes similis 10-98
13 Portunus gibbesiz 10-27
Shallow-
Intermediate Stomatopods
10 Squilia shydaea 22-134 ‘
7 Squilla erusa 10-98
Natantia v
4 Penceus azitecus 10-131
2 Sicyoenia dorsalis 10-98
6 Solenocera vicsceatl 34-134
1 Trachyperasus aimilis  10-98
Reptantia
3 Callinecies similis 10-98
Echincderms
11 Astropectzn Juplicatus 10-131
Deep-
Intermediate Molluscs
16 Polystira albida 47-130
24 Anadara notadilis 65-131 (+2 at 10 m)
5 AMUSTun rapyraceus 27-131
23 Pitar cordaius 34-131
Stomatopods
10 Squilla chydaea 22-134
Natantia
30 FPararenaeus 40-~134
lorngircstris
4 Pergeus zztecus 10-131
20 Stcyonia trevirosiris  10-98
6 Solenocera vioscar 34-134
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TABLE 1. CONT.'D

Depth Zone Abundance Spgecies Range of
Rank Distribution (m)@
Deep- Reptantia
Intermediate 26 Rawinoiﬁes 47-134
uistanensis
8 Por WAUS 3D1NTearous 27-134
Echinoderms
11 dstropecten cuplicatus  10-131
19 Astrorecien cingulatus  49-134
21 Tethyastzsr vesziius 40-134
Deep Natantia
6 Solenocera vicsear 34-134
Reptantia
38 Pagurus buliist 91-13%
55 Zthusa micrcphtralma 91-134
37 deart nocar*uo :Z ané&“ 98-134%
54 Vuwcv 18 quingquespinosa 65-134
15 rasirus lat 25-134
49 Co;uoaes lertocneizs 82-131
8 Portwrus svinicaryus 27-134
Echinoderms
18 Brisscreis alia 65-131
Transect IV Molluscs
76 Fusinus couer 65
Reptantia
77 Iliceantha licdactylus 65
40 Parthenope serrata 15-65
Echinoderms
53 Luidia alterrcia 27-65
42 Clypeaster ravznellis 65-91

aDepth of water column.
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Seasonal Distribution of Pencaus seierus. Winter Distri-
bution-Soclid Line, Spring-Dashed Line and Fall-Cross
Hatched.




Figure 6. Seascnal Distribution of Fenilla mulleri. Winter-Solid
Line, Spring-Dashed Line and Fall-Cross Hatched.
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in greup C, implying a temporally stable epifauna. The two-way constancy

.

table (Figure ?) shows that many species-groups are zoderately to highly

constant at Stations 3/II and 8/I1 (group B). The largest numbers of
species were collectad at these stations. Group A is composed of stations
with sparse collections and contains scme menthly collections from all
stations except 3/II.

Species characteristic of the depth zones on Transect II are much
the same as those listed Zor the seasonal znalvsis with the exception

3£ Peraeus Zuorzimam (pink sarimp) which was nct coliected on Transect II.

Spatial relationships of number of species, number of individuals,
H", and equitability at each station are shown in Figures 10 through 12.
Number of species was zenerally greater in the outer shelf area (53-134 n)
than in the inner shelf (10-49 =), but number cf individuals was much
greater in the inner sheli. One striking exception was the large number
of individuals in the outer shelf area of Transects III and IV in the
fall. The large number of individuals at Station 6/IV were mainly of
one species (Armsiwm raryraceus, pacer scallop), but other statioans had
an unusually large number of individuals from several speciss. Equita-
bility and diversity were generally higher in zhe outer shelf in all
seasons and on all transects.

All parameters‘in the zonthly samples (Figure 13) followed the same
spatial pattern as seen in the seasonal samples; that is, generally
higher numbers of species, equitability, and diversity at the deeper
stations and generally higher numbers of individuals at the shallower
stations. Number of species and number of individuals were zenerally

higher in winter through July than in August through November at both
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Figure 10,

Shannon Diversity Values - H", Equitabilicty - E
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Figure 11. Shannon Diversity Values - H", Equitability - E, Numbcer of Species and
Number of Individuals for Spring Epifaunal Data.
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Figure 12,

Shannon Diversity Values - H", Equitability - E, Numbers of Species and Numbers
of Individuals for Fall Epifaunal Data.
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Figure 13. Shannon Diversity Values - 1", Equitability - E, Number of Species and
Number of Individuals for Monthly Epifauna Data.
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inner and outer shelf stations.

Infauna

Many more species were collected in greb samples than in trawl col-
lections. A total of 79,949 individuals represencing 715 infaunal taxa
were identified and are listed with abundance per sampie in Table 3,
Appendix G. The polychaete, Magelona phyilisas, was the numerically
dominant organism in all seasons; four of the five most abundant species
in each season wera polvchaetes. The ampniped Arrzlisea zga3sizi was
in the top five most abundant species ia winter, and Aorz cecualis was

the second acst abundant ia spring.

Ciuster Analysis

The large number of infaunal taxa were, and rsmain, difiicult to
analyze but the use cf cluster analvsis esnabled definition of broad
outlines in this mass of data. Due to the volume of data, cluster anal-
ysis of the ccmbined seasonal data was impossible at the time of this
report. Therefore, only separate seasonal analyses are presented,

Normal analysis of infaunal data for each season resulted in three,
clusters of stations (Figures 14, 13 and 16) which were amazingly similar
temporally. These clusters divide the study area into shallow, mid-depth
and deep station zones. In winter, the shallow zone included Stations
1/I and 1/I1 (Figure 17) which were classified in the mid-depth zone dur-
ing other seasons. Station 2/IV clustered with deep statiomns in winter
and in springz (Figure 18), but grouped with the mid-depth stations in
fall (Figure 19). Stations 6/IV and 3/IV formed a separate cluster in
fall, were divided from other deep stations in winter, but in spring,

followed the normal pattern of division by depth.



gd 50 40 30 20 10 0
L 1 1 1 ! i J
3z 31
85 2/11d
73 311
87 2/
e L A
I 131 1/10 A
125 57151
38 s/11
r— 134371
—1 L 138 27110
195 501
f 3 30
ok 85 5/1v
32 it
38 411
89 2/11
T s s/tl 8
37 5700
25 1i1q0
IENREE
22 111
27 1/19
10 41 ¢
15 471y
15 a/111
Figure 14. Normal Dendrogram from Cluster Analysis of Winter

Infaunal Data.Numbers Preceding the Station Designations
Refer to Depth (in meters). Leatters Refer to Station-
Groups.




v

[~ o

48 30 20 10 0

~ Y~

ve e e
.

I
~—

LS LI AV AN BT TR
- — SN
R

CE Y
-

4

W
"~
~

— e

_{{ 18 &/
27 1/

Figure 15.

Normal Dendrogram from Cluster Analysis of Spring
Infaunal Data. Numbers Preceding the Station Designa-~
tion Refer to Depth (in meters). Letters Refer to
Station-Groups.




9-38

e

~N)
-

Figure 16.

Depth (in meters).

0
J

34 4/11
45 §/11!
13 Z/71
37 5/
42 271

25 /100
17201y
1838 1/1

22 /1t
v 30l
55 5/1%
i3/ 0.
53 2/111!
32 3/1

134 3/1

100 3/1

131 3/11
128 &/1101
38 35/1!
106 3/1101
130 T/0v
[T Y
13 4/1v
27 /1y
10 4/1

Normal Dendrogram from Cluster Analysis of Fall Infaunal
Numbers Preceding the Station Designation Refer to
Letters Refer to Station-Groups.




9-39

Figure 17. Location of Station-Group (A-C) Zrom Cluster Analysis
of Winter Infaunal Data.
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Figure 18. Location of Station-Groups (A-C) from Cluster Analysis
of Spring Infaunal Data.
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Figure 19. Location of Station-Groups (A-D) from Clustar Analvsis
of Fall Infaunal Data.




Station-groups formed from cluster analyses were compared with sedi-
ment data. Sediments at shallow stations were muddy-sand and at deep
stations were siltwv-clav. Mid-depth stacion sediments repressentad z
transition zone that rangad Ifrom sandy-mud to siltve-clav. Sediment compo-
sition of Stations 2/IV, 3/IV and 5/IYV wera variable betwesn seasons,
ranging from muddv-sand through silty-clay, implying an extremely hetero-
genous substrate in that area.

Species typical of the station-zroups ara presented in Table 2.

Many inlaunal taxa were collected at sandy stations which included S:tations
4/T, 4/1IT, 4/1IV and 1/IV in all seasons aad Stations 5/IV and 3/IV in

Tost seasons. DPolychaetes dominated the sandy assemblzge., Mid-depth
collections did not contain any species unique to that area but shared
species with shallow stations, and, of course, contained the ubiquitous
species. Species found only in deep-water ccllections were deminated

by small crustaceans (ostracods and amphipods) and molluscs. Only two

Py

species of polychaetes were confined to deep-water stations but the

majority of ubiquitous species at deep staticns (as well as 2lsewhere)
were polychaetes.

Comparisons were made at each station of the percentage of seden-

iisqe and Fzrooro-

- .
v

tary deposit-feeding polychaetes, such as Magslong rny:

Y

<

nospio rzinrata, to the actively burrowing detritous feeders, such as

~ - s . 3

Mediomastus califormiensis and Parzonis gracilis. Some of the sedentary

v

o

forms such as Qwenia fusi ormis may be partially or wholly suspension
feeders. Sedentary deposit-feeding polychaetes generally dominated the
shallowest stations, percentagess converged at mid-depths, and active

burrowers were dominant at deeper stations.



(&

ABLE 2

SPECIES TYPICAL OF SEASONAL INFAUNAL
CLUSTIR ANALYSIS STATION-GROUP

Station~-Group Species

Sandy Sediments

Shallow (10-27 m) Coelenterates
Zoantharian sp. A
Molluscs
Cadulus carslinensis
lucing muliilinecta
Iryzira sp. A
Polvchastes
Aglaczramuis verrilli
Svicrrares Scmiux
Armen iz agiils
Cwenia “ueilormis
Isolda zucerella
Ampnipcds
Ampeiisea sp. B
Shallow and scme of the
deeper Transect IV stations Molluscs
Lugira omiantus
Telling versicolor
Polvchaetes
Palecrotus Aetaroseta
Apoprionesrio cygraex
Pricnoscio 2ristaza
Magelcna peitibovage
Clymerella torguata

Cumaceans

Czyurostylis sp. A
Amphipods

Amreliscea cf. erigiata

Stations 6/1IV, 3/IV only Molluses
Crassinella mertinicensis

Polychaetes
Orupnis sp. B
Ostracods

Ostracod so. GG
Amphipods

Cerapus Tudularis
Shallow to mid-depch stations Polychaetes
(10-49 m and 6/1IV, 3/IV) Sthenelais Zoa

A

Nereid (Vieon) sp. A
Diopatra cuzrea
Lumbrineris tenuts
Drilorereis magra



TABLE 2. CONT.'D

Station-Group Species
Shallow to mid-depth statioms Mazelora payllisze
(10-49 m and 6/1IV, 3/IV) cont.'d ‘Magelona rosec
Aricidea tayiori
Ariciceq wassi
Jictomastus nemizodus
Nozcmastus cf. latzriceus
Amphipods
Ampelisca akdiza
Ampeligon verrlli
LiscTriella larmardi
Deep stations (65-134 =) Molluscs
Scutcrus sp. A
Dentzlium scweriyt
Solemiz sp. A
Pelecyncd sp. A
Polychaeates
Paralooydontia raraioza
STerrgeris scuzata
Ostracods
Ostracod sp. D
Ostracod sp. AA
Prnilomedes sp. A

Ubiquitous

Altewnccre,“ta sp. A
Sarsiella sp. B
Amphipods

Bonzs cf. gatmarai

Ericrisa itrneisa

Hetzroorezus cf. oculatus
Molluscs

Pitar cordatus
Polychaetes

Sigambra tentaculaia
Nepntys inecisa
Lumbrineris varvaredata
Minuspio o rﬂt’arﬂ
Darazricnospio pivrais
Tharyz mariort

~ -
LossuUra azLoa

4

DParacnis gracilis
Mediomastus californiensts

Amphipods
dmpelisca agassia

(‘.
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Diversitv

Spatial variation in number of species, numbsr of individuals,
equitability and diversity (Figures 20-22) showed similar patterns in all
seascns. On Transects I, ITI and IV, the greatest number of species was
taken at the shallow staticns (4 and 1) and at deeper stations (6 and 3).
Cn Transect II, however, number of species was relatively consistent at
all depths. Total number of individuals was much higher at the shallcwest
stations (Stazicn 4, Transects I, III and IV) than ac deeper stations.

The lower number of individuals at the shallowest staticn on Tramsect II
was consistent with other transects since Station 1/II was 7-m deeper
than the shallowest stations on the other transects. There was a secon-
dary peak in number of {individuals at Stations 6 and 3, Transect IV, in
winter and fall.

Infaunal equitability values showed a2 general incrzase with depth
on all transects, reflecting the relatively even distribution of indivi-
duals among species at the deep statiomns. High equitaéility at deep
stations, combined with high numbers of species at inshore stations,
produced a pattern of relatively even diversity over the study area.

ransect IV averaged slightly higher diversity than the others.

Number of species, individuals, equitability and diversity were plotted
for the monthly infaunal collections on Transect II, along with the
Transect II data from each seasonal cruise (Figure 23). Seasonal infaunal
data (Figures 20-22) showed that abundance and distribution patterns on
Transect II were not typical of the cther transects. Number of species
was generally higher at the mid-depth stations in winter through spring
and higher at the deeper stations in July through December. Equitabilicy

and diversity generally increased with depth. The change in number of
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Figure 20. Shannon Diversity Values - 0", Fquitability - E, Nuwber of Species and

Number of Tndividuals for Winter Infaunal Data.

\C

o



Figure 21.

2500
2000
OO
1000

500

Shannon Diversity Values - I, Equitability - E
Number of Individuals for Spring Infaunal Data.

—_—rw b O

» Number of Species and

\0

~



Figure 22, Shannon Diversity Values - 1", E - Equitability, Number of Species and
Number of Individuals for Fall Infaunal Data.




Figure 23.  Shannon Diversity Values - ", Equitabilfty - E, Number of Species
and Number of Individuals for Monthly Infaunal Data.




species and individuals at the deeper stations might reflect seascnal
variation in the infaunal samples on Transect II. This apparent seasonal
cycle was somewhat disrupted by the incraase in number of species and
indivicuals in December, which did not correspond well with the low naum-

ber of species the previous winter (Fabruarv).

Micrcohabitat Distribution

While some analytical techniques used with the data primarily ascer-
tain tne structure of benthic communities on a teaporal or broad spatial
scale, other techniques were used to assess the small-scale (within-
station) distribution pattarns of benthic populations. Knowledge of
these distridbution patterns is necessary to ascertain the 2ffectiveness
of the present sampling rezime.

Data from three suites of 12 replicate samples from Stations 1, 2
and 3, Transect II, during the winter of 1976 were analyzed using a tach-
nique (Py) presented by Gaufin 2% gl. (1956). The portion of the community
(percent of species) samplad at different statioms with various sample
replication was the information sought. Results indicated that one sample
would provide less than 30 percent of the species at any inshore or mid-
depth station and less than 20 percent of the species at deep stations
(Figure 24). A second data analysis, omitting those species found in
only one of 12 samples (operationally defined as rare species), indicated
that a single sample would collect approximatelvy 45 percent of the non-
rare species at Station 1, 38 percent of non-rare species at Stacidn 2
and 28 percent of non-rare species at Station 3, Transect II (Figure 253).
Percentage of species composition sampled by four and six replicates are
given for both rare and non-rare species in Figures 24-25 as these were

the levels of sampling effort for this study in vear I (1975) and year II
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(1976), respectively.

Data from the three suites of 12 replicate samples ware analvzed
for dispersion patterns cf benthic communities at each station and to
assess the distribution pattern of certain invertabrate species., An
index of dispersion (%2 was calculated for each included species Irom
each suite of replicates. Inclusion was con a criterion similar to that
set forth by Gage and Geekie (1973). All species occcurring at each sta-
tion in excess of one singleton were included in the analysis. The log
of cthe variance (log S2) was piotted against the log cf the mean number
of individuals (leg X) to indicate dispersion patferns of infaunal inver-
tebrates at each of the thrae stations (Figure 26). Index of dispsrsion
values for each included species were checked for significance of depar-
tur2 from the expected (Poisson) distribution. The percentage of included

species shewing significant departure from the Poisson distribution is

given below:

Station 1/II Station 2/1I Station 3/II
34.5 46.53 24 .0

s

2
: e . ; . ‘s
The same analysis (T ) was applied to the normal suites (6 replicates)

from all stations on Transect II from the March and April ccllections and
on data from all samples from the winter (1976) cruises. The winter col-
lection percentages of species showing significant departure from the
Poisson toward aggregation are given in Table 3. There was apparently

a definite trend in community dispersion patterns toward grsater numbers
of species aggregating at the nearshore stations. OQffshore stations in
general showed lower percentages of the species comprising the community

having clumped distributions. Several statioms (5/IV, 2/IV and 3/1I)

were without species showing clumped distribution patterms.
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TABLE 3

PERCENTAGE OF SPECIES INCLUDED IN DISPERSION ANALYSIS
WHICH SHOWED SIGNIFICANT TENDENCY TOWARD AGGREGATION
AT EACH STATION DURING WINTER COLLECTIONS.
STATIONS ARZ ARRANGED IN ORDER OF INCREASING DEPTH

Transect

Station 4 1 2 5 6 3

I 35.0 28.9 29.5 22.2 17.3 10.0
Station 1 4 2 3 6 3
II 33.3 15.0 13.0 12.5 25.0 0
Station 4 1 5 2 3 6

III 32.4 3.7 6.3 18.2 6.7 14.3
Station 4 1 5 2 6 3

v 26.3 31.3 0 0 17.9 19.0



A final analysis technique, Dispersion Chi-Square (Jumars, 1975),

£

as applied to data from the three suites of 12 samples taken on Transect
II during the winter cruises. Results corroborated those praviously

found with the index of dispersion.

Tovogzraphic Featuras Stations

Macroinfaunal data from four stations around Hospital Rock (HR)
and four stations around Southernm 3ank (SB) are presented in Table 4,
Appendix G. \Numbers of species and individuals, diversity, P.I.Z. and
equitability values varied beth temporally and spatially (Tables 4 and
S5). Differences in community structure parametars among the four sta-
tions around each bank station were accompanied by changes in dominant
species. Dominance at each station was analyzed by ranking species in
each collection and assigning a value to each rank (10 points for the
first ranking species, nine points for the second, etc.) and summing
these values over the number of collections at each station. The
species having the largest summed values wers considered dominants
(Table 6).

The eight stations divided intoc two major groupings. Twe stations
(SB 3 and HR 1) had decidedly different benthic invertebrate communities
when compared to the other six stations. These two stations (Group i)
were characterized by large numbers of species and individuals (Tables
4, 5 and 7) averaging three to five times the number of species found at
stations of the second group (Group B) and approximately an order of
magnitude greater number of individuals. Two families of polychaetes
(Syllidae and Spionidae) were highly represented in the Group-A stations
(Table 7). The overwhelming dominant organism at these two stations was

.

the polvchaete, Srhaerosyllis cf. sublaevis. Several other polychaetes,



TABLE

£~

NUMBERS OF SPECIES AND INDIVIDUALS AND DIVERSITY (H'),
P.I.E. AND EQUITABILITY (Z) VALUZS FOR STATIONS AROUND SOUTHERN BaNK

Species Ind. H" P.I.E. E
Station 1
Wintar 43 131 4.,8092 .9548 1.000
March 40 183 3.4806 .7584 L4230
April
Spring
July 73 334 5.0754 9439 .6386
August
Fall 64 151 5.5173 L9765 1.000
Noveaber 46 92 5.0613 L9670 1.000
Decamber
X 53.20 178.20 4.7888 L9211 .8247
S 14.4 93.13 J.7745 .0916 .2588
Station 2
Winter 25 39 3.8675 L9117 .9600
March
April 31 75 4.2379 .9182 .9355
Spring
July 39 105 4.,6486 .94389 9744
August
Fall 50 148 4.8441 L9442 8800
Novenmber 43 120 4,9492 .9648 1.000
December
X 37.60 101.40 4.5295 9403 .95C0
S 9.84 35.44 0.5154 L0480 L0436
Station 3
Winter
March
April 124 817 5.1079% .9350 L4194
Spring 189 1443 5.9412 L9671 4974
July .
August 161 1309 5.4235 .9452 L4037
Fall
November
December 158 1494 5.1571 L9241 L3416
X 158 1315.75 5.4074 L9431 L4153
S 26.62 333.69 0.3819 ‘ .0182 L0641



TABLE 4. CONT.'D

Station 4 Snecies Ind. H" P.I.E. E

winter

March 49 116 3.1765% L9712 1.000

April

Spring 56 130 5.1659 L9641 .9821

July

August 52 130 5.1619 .9665 1.000

Fail

November

December 51 94 5.2875 L9755 1.000
X 52 117.50 5.1980 L9693 9953
S 2.94 17.00 0.06C0 0051 0089



NUMBERS CF SPEC
ILIT

ES AND INDIVIDUALS AND DIVERSITY (H'),
P.I.E. AND ZQUITAB (

Y (E) VALUZS FOR STATIONS ARCUND HOSPITAL ROCK

Specias Ind. q" P.I.Z. o
Station 1
Winter 117 884 4,63914 L9011 3333
March 180 1404 5.3984 .9389 3356
April
Spring
July 159 1222 5.7534 L9551 5137
August
rall 172 1539 5.4623 L9437 L3895
November 1273 3.7489 .9620 L6910
December
X 159 1264.4 5.4103 9402 L4170
S 24,39 245,70 0.4332 .0237 .08138
Station 2
Winter 23 Sl 45,0223 .9333 1.000
rch 29 97 44,3125 L9413 1.0C0
April
Spring
July 47 170 4.6883 L9469 .8293
August
Fall 50 215 4.4185 .8942‘ L5400
November 43 115 4,8880 .9602 1.000
December
X 38.4 129.60  4.4621 .9333 .8940
S 11.78 63.99 0.3283 .Q250 L1600
Station 3
Winter
March
April 42 73 4,9874 L9692 1.000
Spring 50 124 5.0262 .9543 1.000
July
August 66 307 5.2223 L9624 .3636
Fall
November
December 45 117 4.9755 .9607 1.000
X 50.75 153.25 5.0339Q .9629 .9659
S 10.69 103.565 0.1153 L0044 .0682



Station 4

Wiater
{arch
April
Spring
July
August
Fall
Novemper

Decemper

w

TABLE 5. CONT.'D
Specizs Ind. g" .I.E. E
39 84 4.5739 .9373 L9231
64 296 4.,8245 .9374 6719
53 132 5.1276 L9644 1.000
]
36 147 5.1903 .9632 1.000
33 164.75 4.,9291 .9308 8983
10.32 91.53 0.2857 L0132 1355



TABLE 6

DOMINANCE INDEX TOR THE TOP FIVE INFAUVAL SPECIEZES
IN HOSPITAL RCCK AND SCUTHERN BANK MACROINVERTzZBRATE COMMUNITIES

S3 1 (30 max)* S3 2 (50 max)
Heteroprncxis ci. ccou.aius (34) Cossura delia (37)
Gnainia sp. (29) Nemertinea (26)
Nemertinea (23) Sigarora tentacuiata (21)
Cossurz delta (23) Parazricnosyio pinnata  (19)
Sipuncula 21) Coroula ccmirazia (18)

$3 3 (30 max) SB 4 (40 max)
Soncerosylliis cf. sudlaevis (39) Cosswre Zeita (40)
Pzlaomctus neiarcsata (30) Nemertinea (26)
Sipuncula (28) Stgamdrz tentaculaia (20)
Nemertinea (23) Pitar cordatus (18)
Pisar cordatus 23 Poraonis sp. A (15)

HR 1 (50 max) HR 2 (30 max)
Sprnasreosyllis cf. sublzevis (49)  Nemertinea (33)
Sipuncula (42) Mageiona lovgicormis (33)
Nemertinea (39) Pitar cordatus (33)

Pzlecnctus reczroseta (32) Cossura dei:a (31)
Laonice oipraia (16) Farconis sp. A (31)

HR 3 (40 max) HR 4 (40 max)
Rissoira carcellata (34)  Magelora longicormis (36)
Nerrtys inectisa 27)  Eissoina caneelilaia (31)
Nemertinea (24) Sipuncula (26)
Abrg gequalis (15) ndrc,ra Sp. (17)
Magelona longicormis (12) Cossurz delia (13

*Number of collections times 10.



TABLE 7

MEANS OF COMMUNITY STRU
FROM THE EIGHT TCPCGRAPHIC
ARRANGED ACCORDING TO PROPCS

URE PARAMETERS
EATURES STATIONS
ED STATICN GROUPINGS.

~—
(O
-
T

SPECIES IND. H" P.I.E. E SYLLIDS SPIONIDS
N S3 3 153 1313.75 5.4074  0.2431 0.4133 11.0 10.75
2R 159 1254.4 5.4103 0.9402 0.4170 12,5 10.80
s3 2 37.6 101.4  4.5295 0.5403  0.9500 0.0 2.3
31{3B8 4 52,0  117.5 5.19830 0.9693 0.9955 0.0 3.0
HR 2 38.4  129.60 4.4621  0.9353  0.8940 0.4 2.0
SB 1 53.20 178.20 4.7838 0.9211 0.8247 0.8 3.8
HR 3 50.753 155.25 35.0530 0.9629 0.9639 0.25 3.75
AR 4 53.60 164.75 4.9291 0.9306  0.8988 Q.5 2.25

HR
SB

Hospital Rock
Southern Bank
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including Palesnotus netzroseta and Laonice 2irraia, were highly charac-
teristic of Group-A stations. Community structure at these stations had
much less variability in the dominance pattarn than at Group-3 stations.

. -

Only ctwo species (5. cf. sublaevis and Piar cordaius) occupiad the top

)

rankiag position at S3 3, with the former being the aumerical dominant
in three of four collections. Essentially the same dominance pattarn
was observed at HR 1 with S. cf. sublaevis numerically dominant in four
of five collections and the taxa Sipuncula the top numerical dominaant
in the November collection.

Group-B stations were characterized by having far fewer species
and individuals than Group~A stations. Basically these stations were
characterized by species considerad to be ubiquitous to the STOCS area.
However, differences in dominant species indicated a separation of
Group-B into Groups Bl and B2. Group Bl included Staticns SB 2, SB 4
and HR 2. Group Bl was characterized by a loose pattern of dominance
in that different species were dominant with each collection. The major-
ity of the dominant species were found in the ubiguitous group of the
STOCS study (Table 2). Dominant species at the Bl staticas included

the polychaetes Clossura delta, Sigamira tentaculaa, Parciricngspio
sinnata, Poraonia sp. A and Magelona lengicormis and the molluscs P<¢
eordatus and Cortula comtracta (Table 7). Nemertinea and Sipuncula

were also found among the dominants of Group Bl. Group B2, including
Stations SB 1, HR 3 and HR 4, shared many of the ubiquitous species with
Group 31 but had decidedly different dominant species. Station SB 1

was characterized by having large populations of the amphipod HYetercrhozus
cf. cculatus and to a lesser extent, the isopod Srathiz sp. While these

two species were found sporadically in small anumbers at other stations

in the Topegraphic Features Study, they never reached the dominance



level apparent at SB 1. Stations HR 3 and HR 4 had several molluscan
species that were characteristic of the two statiomns. The gastropod
Figsoing cancelizza was 2 predominant species at these two stations

but was found oanly sporadically at other Topographic Features stations.

The pelecypods 4>raz zecualis and Inyzsira sp. showed limited dominance

o

at HR 3 and HR 4, respectively. Other dominent organisms at Group B2

b . : i b A b
stations included the ubiquitous polychaetes lossura ce.fa, Magelicra

longicormis and Yepntys “noisa which were shared with Group 31 sta:tions.

DISCUSSION
Epifauna

Northern Gulf of Mexico epifauna is considered by many investigators
as an extension of the Carolinian province with faunal divisions at the
Mexican border and just east of the Mississippi delta (Hedgpeth, 1953;
Defenbaugh, 1976). The STOCS study area falls within Defanbaugh's Texas
to Mississippi delta region, but by virtue of the southernmost stations,
is influenced by Caribbean fauna of the Mexican cocast.

Distribution of any species is based on a complex of envirommental
factors. Temperature and salinity control the range of benthic species,
but within that range, more subtls factors determine faunal distribution.
Depth was the most apparent factor controlling epifaunal distribution in
this study. Defenbaugh (1976) found depth to be of major importance in
his work and suggested that distance from shore, or pressure restrictions,
could be involved. The pattern of station-groups based on depth, or some
factor associated with depth, was remarkably constant throughout the
year in the study.

The inner-shelf, including both the very shallow and shallow-inter-

mediate statiomns,. had large numbers of individuals and low equitability

and species diversity. Many of the species had their widest distribution
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in winter, occurred in large numbers in spring (May-June), and by fall
(September~October), were limited to only a few stations. Many of the
species most characteristic of the shallow shelf are motiie decapods

found in inlets, bays and shocal areas in summer and early fall., Copeland

.

1A

)

(1963) collected large numbers of Tracraypenceus similis and Sguilla empusa

in Aransas Pass Inlet in late summer and early fall. Large numbers of
Perigeus 327 zrus are found in the bays in fall and support a sizable bay
fishery. Seasonal changes in population may be related to the annual
temperatura (14-29°C in 1976) and salinity (31-3% ppt in 1975) extremes
at inner-shelf stations.

Large numbers of sgecies with low abundance characterize the outer-
shell assemblage. High =2quitability and species richness of this area
reflact the relatively stable environmental conditions characteristic
of the area.

Cluster analysis of seasonal demersal fishes data delineated shallow
and deep~station groups. Intermediate depth stations occurrad as sub-
groups in one or bdoth of the major divisicns. The diversity of demersal
fisnes was low at shallow staticas and increased with depth to about 85 Q..

As with the epifauna, seasonal changes in fish populations appeared to be

related to depth, temperature, and movements into and ocut of estuaries.

Infauna

Hartman (1951) characterized the littoral polychaete communities of
the Gulf of Mexico as little known, diverse and with components of
the Caribbean, Eastern Pacific and Atlantic faunas. Parker (1960Q) recog-
nized ipner-shelf, intermediate-shelf and outer-shelf faunal assemblages
in the Gulf. He concluded that distribution of these assemblages fol-
lowed temperature ranges, and within these, separated according to major

sediment type. Hill (1973) presentad the only other study which attempted



to define bpenthic infaunal assemblages in the northwestern Gulf. He
identified five zones which he generally correlated with depth and
sediment type.

Zonation of infaunal assemblages with depth on continental shelves
is a commonly reported pattern (Day 2% .., 1971; Field, 1971). This
study showed the same general pattern of distribution by depth, medirfied
by the influence of sandy sediments. There were apparently three habi-
tat types in the STOCS study area: shallow-muddv sand, deep-silty clay
and deep-muddy sand. The mid-depth station group, which showed a2 tran-
sition from shallow-sandy sediments to deep-silty clavs, may be consid-
ered a depauperate extension of the shallow faunal assemblaze. This
region, which comprises a large part of the study area, had no unique
species but shared many species with the shallow stations, and ubiqui-
tous species with deep and shallow stations. The shallow-muddy sand
and deep-muddy sand stations were similar in that they shared many
species and both were rich in number of species and individuals. Despite
these similarities, the deep-muddy sand stations were grouped by cluster
analysis with deep stations, implying that depth or the stable physical
environment associated with depth was more important than substrate in
regulating infaunal distribution.

Seasonal changes in temperature and salinity, and turbulence due to
wave action in the shallow muddy~-sand habitat, make it a highly variable
environment. The shallow infaunal assemblage was rich in number of
species and individuals but numerical deminance by some species resulted
in low equitability. The deep-silty clay habitat was a relatively stable
environment, little affected by seasonal temperature and salinity changes
but possibly influenced by deep Gulf water. The deep benthic assemblage

was characterized by high diversity and equitability with fewer species



than shallow stations and with lictle or no numerical deminence. The

fa.

eep-sandy habitat had an envirommental regime similar to that of the

deep-silty clav habicat but had =more speci
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equitability at deep-sandy, as ccmparad to shallow-sandv stations, can

be attributad 0 a more stable eavironment at the deep stations.
Attempts have baen made to delineate faunal assemblages based on

feeding types (Sanders, 19583; Young and Rhodes, 1971). In the STOCS

-

studyv area, sedentary deposit feaders comprised the bulk of polychaete

.

populations inshore, but were generally replaced by actively burrowing
detrital feeders offshore., High productivitv and water turbtulencs in
nearshorz areas allowsd sedentary decosit Zzeders to be successiul, As

distance from shore increased, there was a reductica of food in the water
column and at the substrate surfzce. Species which actively burrow
through sediments in search of £focod dominated deep station communities.
This type of analysis suffers from lack of life history information for
many species and families. This is particularly true for macroinfauna
found in the northwestern Gulf of Mexico.

Both macroinfauna and invertebrate epifauna had similar patterns of
distribution by depth. A major difference between the Iwo groups was a
generally greater number of epifzunal species oIfshore but a greater
number of infaunal species inshore. Highly variazble physical conditions
2t shallow stations produced populations characterized by numerical
dominance of scme species. Large nuwmbers of infaunal species in both

"spatial

shallow and deep muddy-sand habitats are due to the increased
diversity'" (Pianka, 1968) afiorded by the gzreater incerstitial space in
muddy sands as compared to silty clays. A rich food supply both in the

water column (due to the influx of continental runoff on the inner shelf)
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and in the substrate allows greater abundance in the shallow muddy-sand
habitat.

The STOCS shallow-muddy sand assemblage appeared to fit Sanders’
(1968) physicazlly-controlled community which is governed mainly by physi-
cal conditions which vary widelv. Hill (1975) proposed that the entire
South Texas Continental Shelf is a physicallyv controllad environment.
However, observations of high equitability and diversity of the outer-
shelf assemblage, coupled with the stable envircnmental conditions there,
lead us to belisve that the benthic fauna of the deeper water may repre-
sent bDiologically-accommodatad communities.

Within thess broad habitat zones, niche diversity may be important
in the small-scale distribution of individual species.

The use oI Py analysis to understand the distribution of benthic
infaunal macroinvertebrates and how different sampling replication schemes
pay be sampling the various communities, must be preceded by an under-
standing of some basic limitations of the technique. 1In essence, the
Py analysis, as described by Gaufin ec al. (1956), was used to compare
the relative sampling efficiency of different types of bottom samplers
in a stream bed.

A large suite of samples (12 in the present study) was taken. The
total number of species in the suite and the number of species at each
replication level (one sample, two samples, etc.) were tabulated. Using
this information, the Py technique was used to calculate the number of
species (percentage of che total found in the original suite) not found
previously that would be expected in each replicate. By accumulating
these percentages and plotting against replicate number, a curve repre-
senting sampling efficiency at each replication number was constructed.

Several assumptions are made in the use of the Px. The first assumption



is that the total number of species in the original suite of samples i;
the total number of species in the area. This, in some cases, may
approach realitv, in other cases, it does not. With the benthic macro-
invertebrates of the STOCS study area, the latter is probably true.
Although 12 samples were taken at each station, in the originral compari-
sons the total number of species actually in the area was not closely
approximated. Thus, the Py analysis was used wits the realization that
the total number of species was low, and consequently the percentage of
the total community sampled by a given replicate number was an over-esti-
mate. The justificatioa for using this technique is based on the fact
that those species not found in 12 replicate samples would be extremely
rare and that by modifying the technique, <.2., not using those species
operationally defined as rare, a compariscn of the distribution of the
non-rare species at varicus stations can be made. Also, the 2fficiency
of replicate sampling within a site can be estimated. It is readily
apparent that the species populations of infaunal macreoinvertebrates are
paysically much mere interrelated in the nearshore Gulf areas than at
the deeper stations. With similar numbers of species in the‘original
suite, both rare and non-rare species are more e2fficiently sampled at
nearshore stations by a given number of replicates than at the ofishore
stations. This apparently is a function of the numbers of individuals
present with the inshore stations being more densely pcpulated. Thus,

a hypothesis for a changing scale of macroinfaunal community distribution
pattarn can be postulated. The inshore ccmmunities are distributed on a
smaller scale, Z.2., the same sampling effort will obtain a greater
percentage of the community than for offshore communities. This is

probably best explained by the greater food avzilable as evidenced by

the phytoplankton and zooplankton populations present; greater dhys-



ical variability in the sediment grain sizes allows for greater density

- .

on a physical basis and, the possibility of niche fractionization,

(a1}

particularly with reference to trophic type, is affecting the distri-
bution scale in the two areas. That is, benthic species dependent on
the water column for fcood (filter feeders, suspension feeders) mav
require less bottom surface space per individual than deposit feeders,
whether selective or non-selective. Selective sedentary deposit feeders
similarly would require less space than active burrowing, non-selactive
trypes.

The second major analytical technique used in within-station distri-

SZ
oution analysis was the index of dispersion (Z ) which led to similar
AN

cenclusions. This technique, as used by Gage and Geekie (1973), is
basically a sample statistic to infer community traits. They found that
a basic difference existed in the relative amounts of population aggre-
gation between muddy-sand areas and silty-clay areas. Our results on
both the initial suites of 12 samples from Transect II and subsequent
analyses involving the normal suites of six samples from all winter
collections followed a similar pattern. The inshore staticns, particu-
larly very sandy stations (4/I, 4/III and 4/1IV), showed more tendency
toward aggregation of various populations comprising the community than
did deeper, more silty-clay stations. Again, as noted by Gage and Geekie
(1973), several considerations must be noted in the interpretation of
this analysis. There is a decided tendency for the index of dispersion
SZ
(z ) to show significant aggregation in species where it may not be occur-
ring. This is particularly true in species with high mean numbers per
sample. The variance, as noted by Gage and Geekie of species distribution,

tends to increase at a more rapid rate than the mean, although with a

true Poisson distribution the two should change together. This factor



among others tends to show a type I error, predictiang significance when gt
actually does not occur. Evean though this bias exists, the relative num-
bers cof populations aggregating are thought to be indicative of the true
situation. A furcher test using Jumars Chi-Square dispersion technique

further corroborated the aggregation of species at the Transect II stations.

Tovograonic Features Stations

-
-
-

The Topographic Features (Hospital Rock and Southern 3ank) on the STOCS
had some effects on the level-bottom infaunal invertebrate communitias sur-
rounding them. These 2ffacts became aspparent through an adjunce study of
the areas surrcunding certain topographic features of the 3LM-3STCCS study
area. This studvy was carried out under a separaZtz contract (AA530-CT7-13)
but will be raportad herzin. The najor factor affecting these ccmmunities
was the amount of gravel-sized rubble apparently washed from the banks
oy prevailing currents or storms. Two stations, of the aight sampled,
had significant amouats of shell rubble ia the sedizments. These stations
(HR 1 and SB 3) were locatad on the southwestern side of Hospital Rock
and Southern 3ank, rvespectively. The benthic invertabrate communities
at thes2 two stations wers similar to each other but different from the
other six topographic features stations and from most STOCS primary tran-
sect stations of similar depth. These communities were different in
species composition and most community structure parameters. They were
much more diverse, had far greater numbers of Individuals and species,
and a very stable pattern of dominance.

Although the macroinfauna of the banks proper was not sampled, it is
assumed that the ''shelly" staticns had a fauna that was probably similar
to that of the slopes of the banks. Generally, the dominant species at

the shelly stations were filter feeders, or errant, probably predacious

species. When the macroinfauna data were comparad to the



meilofauna data from other investigaters in the Topographic Features

study, very low macroinfauna to meiofauna ratios, ranging from one to
one-nalf to aroundcne to ten, were found. One ccllection showed a ratic
of one to forty-five but the meiofauna from that station had an abnor-
mally high number of nematodes. These low ratios probably precluded the
use of meiofauna as food items for the majority of the macroinfauna.

The general explanation of the hizh macroinfaunal diversity of
shelly arzas such as HR 1 and SB 3 is the physical space provided by the

1

greatar interstitial areas among the shell rubble as comparsd to these

.

of silty-clay dominated sediments of the surrcunding Gulf bottom. Also,
the gravel-sized fragments provide substrate for those species that
require a f{irm surface for settling on or boriang into.

The remaining six stations were basically similar in species compo-
sition and community structure: The various community structure para-
meters (H', P.I1.E., E, aumber of species and number of individuals) were
similar to those found at the STOCS primary transect stations of similar
depth. Macroinfauna/meiofauna ratios were much higher than at the shelly
stations. These stations were séparated into two groups of three [SB 2,
SB 4 and HR 2 (Bl), and SB 1, HR 3, HR 4 (B2)] on the basis of different
numerical dominants. The dominant species at the non-shelly stations
varied greatly through time (with the exception of $SB 4 where Ccssura
deltc was consistently numerically dominant) so that the dominance index
indicated a much less ccnsistent pattern cf dominance than at the shelly
stations. The dominant species at the 3l station group were comprised
of the more ubiquitous species found in the STOCS area and the general

community structure indicated no significant difference from that expected

of normal soft-bottom communities of the Gulf. The other group of thres



stations (B2) shared many of the species, but differed in having unusual

numerically deominant species including Fztercrracsus ¢f. ccu.asus at SB 1
and 2issicong zcaneellztz at HR 3 and HR 4. These species were found 2lse-

where in the study area but not with the same consistency or numbers.

tad the differentia-

[e]

Since sadimenct tvpe, 2.,4. gravel, obviously affe
J * J &) )

L)Y

tion between the A and B staticns, the sedimentery differences among the

B group stations was exanmined to see if the different deminants could fur-

ther be explained by sediment particle size. Three staticns (SB 2, HER 3,

and HR 4) had sediments consisting antirsly of silt and clay. The remain-

r

ing three had varying percentages of sand (usually less chan 20%). Since
sedinent pattarns (all silt/clay s silt/clay with some sand) cut across

the biological zroupings, no obvious sediment effects were chserved. Cor-

(Al

relaction coefficients (Pearson r) were computad for aumber o pecies and

w

tations within

n

number of individuals with percent sand, silt and clay for

"

each sediment grcup. No significant cattarns of correlation were avident.

Distance and direction from the Topographic Features were examined as
possicle factors in the dominance pattaras of the B2 stations. There is a
possibility that the strictly silt/clayv stations are associated with
troughs around the Topograzshic Fezzures. These trougﬁs (areas that are
deeper than the normal bottom surrounding the topographic features) are
readily sesn in bathymetric maps prepared by the Texas ASM project study-
ing the biology and geoclogy of the STOCS topographic features (3rignt and
Rezak, 1976). While this may explain the lack of sand at these stations,
it does not fit the biological natterm. No effect of distance or direction
could be ascertained which corrssponded to the biological data.

The data indicate that two of the eight stztioms are directly affecged
by the topographic highs, primarily as a result of the gravel-sized

debris found on the southwest side of the banks. The other six stations

are divided into two groups, cne, in which no effect of the banks was



seen, and one which had some differences in dominant species which

could aot be definitely attributed to the presence of the banks.

CONCLUSIONS
1. A total of 887 taxa were identified from trawl and grab colliections
in the 3TOCS study area in 1976.
2. Trachyperaeus similis, Sicyonia dorsalis, Callinecies similis and

Dengeus zztecus were the four most abundant invertebrate epifaunal species

collected.

OL‘

3. The polychaetes Mzgelorna rnyl crarrioncsrio pinnata and

Medicmzszus califormiznsis dominated macroinfaunal collections.

4, Inver:tabrate epifaunal distributions indicated an inner-shelf (10-
47 m) and an outer-shelf (65-134 @) assemblage in the STOCS study area.

5. The invertebrate epifaunal assemblage of the inner-shelf was charac-
terized by large numbers of individuals, low diversity and low equitabi-
lity. Typical inner-shelf species, such as Trachypenasus similis, Squilla
erpusa and Pemgeus setiferus have strong affinities for estuaries and
showed seasonal variability.

6. The outar-shelf invertebrate epifaunal assemblage was characterized
bv temporal stability, high diversity and high equitability. Typical
species included the mollusc 4musiwm papyraceus, the decapod dnastmus
latus and the echinoderm Astrcpectier. cingulatus.

7. Macroinfaunal distribution data indicated three habitat-defined
assemblages: shallow-muddy-sand (10-27 m), deep silty-clay (65-134 =)
and deep muddy-sand (65 and 91 m). Intermediate depth stations were
transitional in sediment and infaunal species composition.

8. Macroinfaunal equitability values showed a general increase with

depth but total number of species and individuals decreased with depth.
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Macroinfauna were most abundant along the inner-shelf and in the

puddy-sand habitats due to increased "spatial diversity" afforded
eater intersticial space in muddy sands as compared to silty clays.

The mejor difrference between macroinfauna and invertebrate epifauna
generally greater number of iavertebrate epifaunal species offshore,
greater aumver of macroinfaunal species iashore.

Populations comprising the macroinfaunal ccmmunities showed more

ncy toward aggregation at the shallow muddvy-sand stations than at
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ABSTRACT

o

o

fish samples were collected from
six stations on each of four transe to provide information on South
Texas Quter Continental Sheli (STOC fisn distribution and abundance.
Day and nigat collections were made at each staticon during winter, late
spring and late summer-autumn; supplementary dav-nigzht collactions were

~

pade in intervening months at stations on Transect II.

A series of standardized, traw

O]

le
ct
S)

For each sample, numbers of individual species, weights, numbers of
individuals per species, and individual weights and lengths provided the
basic data, all of which except lengths and weights provided primary date
for this study. For each sample, calculations of Shannon diversity indices
(both numerical and ponderal), the Hurlbert probability of interspecific
encounter (P.I.E.) and the Llovd and Ghelardi equitability wvalue () pro-
vided derived data for various comparisons among the 1976 ccllections and
between 1376 and the aquivalent 13575 collecticas.

For equivalent times and stations, the 19786 numbers of species, indi-
viduals, and biomassas were less than in 1973. Whether :the ight change
in saarpling rnets caused the declines or whether there wers a ally iewer
fisn in 1976 could not be demonstrated with completely tenable explanations.
(A proposed analysis of length-weight-frequency analysis of individual
species should clarify the viability of alternative explanations.) In
general, both numerical and ponderal diversitv indices were lower in 1976,
Isopleth plots for day-night and seasonal dara pertinent to observed and
cerived data indicatad that there were proncunced dav-night differences
in most cases taroughout the year. In the winter znd spring, gradients for
the various data tended to be depth-related with some indication of north-
south transect differentiation by autumn. Analysis of variance for the
various data categories revealed that few individual effects (depths,
transects, dayv-night, seasons) were consistently and statistically signi-
ficant, but interactions involving seasons and individual effects were more so.

0O v
[

A pooled yearly comparison of day-anight catches by species indicated
that day species were ordinarily those that had schooling propensities;
predeminantly nocturnal species tended to be solitarv. Comparisons by the
Wilcoxon rark sum showed statistically significant diurnal prominence for
10 species and nocturnal prominence for 36. Of the fishes not showing sig-
nificant day-night prevalance in numbers or weights for pooled data, a
breakdown of catches into seasons yielded statistically significant maxima
in day-night differences in the spring and minima in the autumn. From
published data, the day-night differences were related to activity and
aggregational associations, to food habits, and to feeding tactics.

The Bray-Curtis cluster analysis formulation was chosen over the
Canberra-metric system for ascertaining station and species distributional
characteristics. With species as attributes of the individual statioas,
the Bray-Curtis technique with flaxible sorting by normal analvsis showed
clearly that there were depth related groupings, three in winter and four
in spring and zutumn. With stations as attributes of the species, inverse
analysis showed seven species-groups in winter, eight in spring and six in
autumn. The two-wav relationships of station-groups and species-groups
showed species-environmental relationships rather clearly for most of the
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species, 67 of 96 in winter, 68 cof 89 in spring and 62 of 82 in autumn.

In addition to species associations determined by clustering, the
cluster analyses indicated that zonation was depth-related, with temperature
and seasonal migration patterns as major assoclative features of the groups
through the seasons., There was little evidence that zonation was directly
related to sediment type or salinitv. The shallowest station groupings had
nigh numbers of individuals, especially in winter and spring, and generally
lower species diversities through the year. When temperatures were highest
in late summer and autumn, nearshore species associations tended to dissi-
pate; midwater and deepwater assoclations were somewhat more stable through-
out the year; midsnelf groups had the highest species diversity throughout.
There was a weak indicaticn of species associations breaking into north-
south groupings in autumn cnly, which implied that north or south movezeats
o or from areas ocutside STOCS was relatively unimpcrtant for the great
majority of species. However, within the STOCS area there was considerable
species "shuffling' during the year to the 2xtent that clearcut species-
domination by one cr a few species was not sugzested.

The 1975 and 1976 data, except for length-weizht measurements of
individual fish, are now incorporated inzo the data manazement svstem.
Recommendations are suggested to: (a) further clarify relationships among
the fish data tncer alia, and (b) relate the henthic fish data to other
abiotic and biotic (especially invertebrate forage organisms) data, and
(c) to explore selected population processes identified by the above anal-
yses. Also recommended are acguisitions of data on feeding growth-meta-
bolism rate properties of individual species. These recommendations are
based on the premise that such functional characteristics and processes
provide baselines that are irmediately much more sensitive to environmental
perturbations, both natural and man-induced, than are the generalized attri-
butive "inventories' of raw counts and biomasses, changes in which can
accrue only as long-term results of such functional characteristics and
processes at the species and population levels.
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INTRODUCTION

The purpose of this studv was the continuation of the development
of a baseline pertinent to the abundance and distribution of benthic
fishes of the South Texas Outer Continmental Shelf (STOCS).

The major aims and rationale of the 1975 benthic fish sampling oper-
ations (Wohlschlag, 1976) continued during 1%76. However, the 1976
sampling was expandad considerablv to allow for more detailed analvses of
the distribucion and adbundance of fishes, as well as for appropriate
ccaparisons between years.

Analysas of the 1974 data proceeded along the following cthra2s lines:

1. Analysis of variance comparisons of bulk darta from the separate

rawl samples provided a svstam for overall evaluation of differences

for various attributes zmong seascns, transects, stations (depths) and
times of day, along with all possible interactions ameng these variables.
The attributes included number cof species, numbers of individuals, bio-

.

massas, numerical and ponderal Shannon diversity indices and Hurlbert's
probability of interspecific encounter. By plotting the various fish
distribution-abundance attributes as isopleths over the STOCS study area,
visual comparisons can be made with other biological, chemical or geologi-
cal conditions.

2. The difference between day and night collections duriag 1975 was
pronounced only in winter and sporing; collections in summer often did not
show day-night differences among derived indices, although the individual
species diffarences werzs pronounced between day and night. Accordingly,
the 1976 data provided an abundant series of samples for day-night coam-
parisons at the species level.

3. Attempts at "clustering' species groups were indicated by the



1975 study, both to evaluats characteristics of individual stations and
species associations themselves. Particularly, it was deemed essential

on localities and species

-

to evaluate seasonal changes in terms of collesct

[N

affinities insofar as depths and north-south influences might be involved.

These three types of assessments, collectively, should be far super-

ior in determining baselines for adjudicating any changes in overall

(]

long~term abundance and distribution of fishes. Additionally, these

assessuents in the various derivad forms are compatible for analysis
and synthesis opevations with other biotic aad abictic segments of the
STCCS study or with similar studies in other localities.

In a separate saction of the report, recommendations ars made Sor
the synthesis of the chreé majcr components of the demersal fish studies

and for the eventual interpretation of the fish distribution and abuandance

patterns in ralation to their biotic and abiotiz components.

General Distribution and Abundance

The purpose of the Results section 2niitled General Distribution
and Abundances is to continue and expand an analysis of the type of
data utilized in the 1975 study. Without regard to the nature of iadi-
vidual species, the comparisons on numbers, biomass, diversity iadices,
equitability, and probability of interspecific sncounter were set up
for comparisons of stations (depths), transects, seasons, day-night
abundance and distributional changes, and for comparisons among these
spatial and temporal characteristics. Preliminary comparisons of 1975
and 1976 collections were also desired.

The fishes of the STOCS study area currently being intensively
studied are well-known taxonomically. Particularly notable are the

studies of Gunter (1941; 1945; 1953). Many additional studies



have concerned the estuarine fishes and the fishes taken by the large-
scale shrimp trawling industry of the area. There are numerous studies
dealing with individual species of the STOCS study area. Among the
studias dealing with the overall distribution and zbundance characteri-
stics of the area are those of Moore 27 zI.(1970), Chittendea and Moore
(1976) and Chittenden and McEachran (1976); these also contain fairly
ccmplete bibliographies for the northwestern portion of the Gulf of
Mexico.

Because this study is a part of the overall BLM program to establish
baselines, there is a necessity to present data in forms useful for

both theoretical and practical purposes. Time-honored measurss of

({1}

abundance, along with the more recently derived indices that charactariz
distributions, are both of interast for data reduction and synthesis and
for comparative purposes. The recent usages of diversity indices, cre-
sumably firmly based on information theory, have come to be criticized
in terms of usage for assessments of species diversity, environmental
sta?ility,’ecological optimization (evolution), community structure, etc.
Hurlbert (1971) considers the notion of species diversity based on infor-
mation theory a ncm-concept. Goodaman (1973) summarizes much of the
criticism of diveristy-stability relationships in ecology and concludes
that there are no simple relationships. Attempts to define quantitatively
the nature of community structure have continued to yield controversies
and contradictions. Recent reviews on the subject, e.z. Caswell (1976),
May (1975), among others, generally imply that community structure models
themselves are deficient with regard not only to inclusion of all biotic
and abiotic interactions, but to the degree of such interactions, as well,

Because of these deficiencies and the reductionist approach of some
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models, there is a tendency for intuitive interpretations, and sometimes

for mathematical-statistical analyses of community information, to ceatra-

(Caswell, 1976). Yet, the usaze of diversity measuraments, however empir-
ical, has provided practical zeasurss of community characterization,

although subject to the constraints of samplingz.

Day-Night Variability

Differences in species composition betwesn day zad night trawls are
not necessarily reflected in measures of abundances, discridbution or
diversity calculated for each trawl sample from data for all sgecies

combined. However, experience with day and night trawled samples from
this and earlier studies indicates that day-night differances in specisas

in the
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composition do exist. The investigation of the die
trawl catches has become a zaster's thesis jroblem for Zlizabath F.

Vecter and this portion of the report presents her preliminary findings.
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While a large amount of information cn distri
trawled and seined fish from the northwest coastal and bay Guif of Mexico
waters (0-50 m) has been pudblished, relatively little attention has been
paid to diel variability in catch data for £ish, and reports of diel varia-
bilicy have been largely incidental to distribucional studies. A two-vear
sampling survey by Gunter (1945) covered the bay and inshore waters, but
no mention was made of sampling times nor is any reference made to consid-
erations of diel variability. Hildebrand's (195¢4) study distiaguished two
penaeid faunal areas on deeper areas of the continental shelf; the near-
shore diurnal white shrimp grounds extending to depths of about 27 m, and

the nocturnal brown shrimp grounds from 27 to at least 45 m. However,

his survey was conductaed aboard commercial shrimp trawlers and was subject



to the sampling strategies bast suited for shrimp capture, Z.2. nocturnal
trawling on brown shrimp grounds, diurnal trawling cnwhite shrimp grounds,
so that strict day-night comparisons in each arsa were not feasible.
Soringer and Bullis (1956) and Moore 2Z zl. (1970) have reoorted distri-
butional data for depths greatar than 45 ., but again, diel differences

in catch data received brief congideration., Chittenden and Moore (1976)

and Chittenden and McEachran (1976) discussed in great detail the results

} 4

of other collections, again, from a2 distributional racher than a diel
viawpoint.

Wnile previous studies in this area were not primarily concerned
with day-night comparisons, in other arzas of the world diel variations
in benthic fish habits are well known and often of great importancs to
fisheries (DeGroot 1971; Stickney 2% al., 1974; Robins, 1971; among cthers).
Direct observations in natural habitats have revealed major diel
changes in behavior of coral reef fishes (Hobsoa, 1963, 1963, 1972, 1973,
1974, 1975; Hobson and Chess, 1976; among others) and of fishes near oil
rigs (Hastings 22 z1.,1976). The behavioral changes that occur daily along
with variations ia light intensity, turbidity and life cycls stages often
result in reduced or enhanced vulnerability of fishes to trawling (Hoese
et al., 1968; Hobson and Chess, 1976). Thus, it would seem that diel
variability in the occurrence of fishes taken by a given sampling method,
such as trawling in this study, depends upon many factors that must

include behavioral characteristics, plus a large number of other biotic

and abiotic considerations.

Cluster Analvsis /

The nature of species associations is not clearly elucidated by ana-

lyses that utilize numbers, biomasses or diversity (and similar) indices



10-9

as shown for the 1975 data summary ia the 3TOCS study area. As a conse-
quence, the requirement for additiorel informaticn on how the various
stations and their species complaments diifered among themselves became

a separat= requiremsnt for better analysis. The cluster analysis tsch-

niques have been accordingly applied for a master's thesis topic by

P b s

Mr. James Cole whose thesis materials are applied to this raport with
slight modification.

It is well known that the benthic fauna changes with depth betwsen
the shore and the edge oI the continental shelf, but bevond this :there
are many doubts and uncertainties (Day, Field and Montgomerv, 1671;

Field, 1971; Haedrich, Rowe and Polloni, 1973; Stepheason, Williams
and Cook, 1972a; Boesch, 1973). It is not known how many faunistic
zones are representad, at what depths the divisions occur or whether
the changes are abrupt or gradual. Above all; the nature of the fauna
is related in scme way to the nature of the substrate and thesre is
increasing evidence that the whole pattern of distribution on rocks
differs from that on soft sediments (Day 2t zl., 1971).

The pioneering work of Petarsen (1918) in Denmark on the shallow-
water bDenthos of soft bottom inveolved quantitative data upon the numbers
and weights of species praesent and resulted in descriptions of different'
benthic communities asscciated with various types of substratum,
with each community named after, and characterized by, a few dominant
species., As more work was done, Petersen-type botiom communities were
recognized by almost all workers in the field. These findings led
Thorson (1957) to present the concept of parallel soft-bottom communities.
In the late 1950's and in the 1960's increasing numbers of investigations

were conducted in warmer waters where some workers found Petersen-type

communities, for example, in Southern California (Hartman and Barnard,



10-10

1958, 1960; Barnard and Ziesenhenne, 1961), West Africa (Longhurst,

1957, 1958; Buchanan, 1958), India (Seshappa, 1933) and Madagascar
(Plante, 1967). Dav (1963) challenged the concept of parallel soft-
bottom communities and pointed out that ia South African waters dredzing
vielded many different large species characteristic of different areas,
many of which did not fit in with Thorson's communities, whila grab
samples yielded diverse assemblages containing large numbers of small
animals belonging to many species and not dominated by just a few. Others
also failed to find communities with a few dominant species, for example,
in Southera California (Hartman, 1953), in the Gulf of Mexico (Parker,
1956, 1960) and off Thailand (Thorsonm, 1966). As Milis (1969) mentioned,
these diverse assemblages resist classification by means of dominant
species in the classical Petersen manner and methods of analysis are
needed which can simultaneously take into account all or most of the
species in comparing samples.

Plant ecologists have developed numerical clustering methods aimed
at revealing structural and causal relationships in survey data and some
of these nethods have recently been used by marine ecologists. Lie and
Kellay (1970) and Hughes and Thomas (1971) outlined the use of cluster-
ing methods in animal and marine ecology. Contemporary numerical clas-
sification techniques were used in studies of marine benthic communities
by Stephenson, Williams and Lance (1970), Day, Field and Montgomery (1971),
Field (1971), Stephenson, Williams and Cook (1972a), Boesch (1973),
Haedrich, Rowe and Polloni (1975) and Holt (1976). Reviews and discus-
sions of the various methods are given by Sneath and Sokal (1973), Clif-
ford and Stephenson (1973) and Williams (1971).

Computer clustering methods similar to those used in the above-
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%0 bettar understand the

Q.

mentioned marine benthic studies were employe

community structure of benthic ichthvofauna in the STCCS study area.

METHODS AND MATERIALS

General Collecting, Data Processing and Analvsis

Except for the additich of the data to the computerized data systanm,
the 1976 collections were made and processed quite similarly to the
1975 collections. The same four transects werz sampled in 1976, All

ardizsd zrawl-

0.

stations were sampled by day and night by 1l3-minute stan
ing for both epibenthic macroinvertabratas and demersal fisa.

The trawl was a conventional Gulf coast 10.7-m “flat trawl" with a
12.2-m lead line and 2 9.l1-m head line, each made of 12.7-mm steel impreg-
nated repe. There was a 0.%-m separation betweesn the net wings and the
0.76~- by 1.52-m doors (otter boards) fitted with steel runners. Yet mat-
erials were of wnice, untreated nylom twine. Wings and the main bedy of
the net had 44.5-mm stretched mesh of No. 18 nylon twine. The 3.0-m bag
was made of 44.5-mm No. 36 nylon stretched mesh. The bagz liner used for
the 1975 collactions was not used in 1976. Conventional chafing gear
surrounded the bag. All trawls were from the twin-screw R/V LONGHORN

at 900 rpm which, with net drag, was equivalent to a dragging speed of

approximately 2 knots,

For primary stations at all transects, winter collections (January-
February), spring collections (May-June) and fall collsctions (September-
October) were made in both day and night. Monthly collections were
made only at primary stations of Transect II in March, April, July, Aug-
ust, November and December. Identifications of each £ish, their aumbers

and weights were made shortly after the iced specimens were returned to
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the laboratory. - Information for each collection was incorporated into
the computerized data base.

For all collections, the Shannon species diversity index was cal-
culated. This index is widelw used and zlsoc known 2s the Shannon-Wiener

or Shannon-Weaver index and is described in Shannon (1948), Wiener (1948)

and Shannon and Weaver (1963). Essentially the index H" is estimated as
g = - E(Qi/N) loge(ni/ﬁ) s

where ny; 1s the number of individuals of the ith specias and N is the
total aumber of individuals, The H" wvalues are in natural bels per
individual, and in numerical form, indicated as Hp'.

Lixewise, for all samples, the ponderal equivalent, H,', as sug-
gested by Wilhm (1963), was calculated by using nj as the weights (bio=-
mass in grams) of the ith species and N as the weight of individuals
in the sample.

Equitability was calculated for each of the individual collections
by the use of tabulated walues in Lloyd and Ghelardi (1964, Table 1).

P£obability of interspecific encounter (P.I.E.) was also calculated
for each station sample. This value may have merit from the standpoint
that species diversity may be a non-concept in the sense of Hurlbert
(1971). The value is calculated as:

ere = (g 2g)(1- 3 wi2),
i=1

where N; = number of individuals of the ith species in
the collection;

N= 23 N; = the total number of individuals in the
i sample;
Ty = Ny/N, and;

S = number of species in the sample.
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Because the 1975 collecticns differed frem those of 1975 in raspect
to the eliminaticn of the trawl baz liner in 1976, the total numbers of
species, individuals weights and the various diversity values were cozpared
for the two years. Also, the analyses of variance of thesa wvarious nuderi-
cal values were carried out for each year and both years were combined for
all transects and Stations 1, 2 and 3, which were common to both years.
Standard statistical methods were utilized and the various transfor=-

mations were used in accordance with standard

e

ractices, namely, square

[EN

equitabil

[t
s

(21

root of numters of individuals, arcsin ol the square rzot o

O

(%), arcsin of the square root of PIE zand the logarithm of the weights.

Since Hp" and H,'" are more or less normally distributad, they were not

e,
(8}

transforzmed. It should be noted that partiticning of the degrees of free-

dom without replicates could be handled in several different ways other
than those tabulated under Results. Rather than separate yearly compari-
sons (with 1 degree cof freedom) and consider the seasons as ''seasons-within-
years', it was decided that since seasons during 1976 were aboul one
month latar than during 1975, it would be feasibls to consider all six
seasons individually for a total of 5 degrees of freedom. The analysis
was based on the principle of comparing mean squares to single factors
(transects, stations depths, time of day, and seaéon) with dcuble
interactions, to double iateractions with triple interactions and to
triple interactions with the quadruple interaction. Since the higher
order interactions have relatively high mean squares, ouly a few of the
single effects and several of the interactions are of interest, at
least statistically.

Of special interest for visual comparisons were isopleths of the

various measures of abundance and diversity, particularly with reference
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to time of day and seasons. These were drawn for a visual means of
comparing biotic and abiotic data from other BLM studies of the STOCS

study area.

Day-Night Comparisons

To compare day-night sample pairs in terms of numbers or biomasses
of the speices, the nonparametric Wilcoxon rank sum test was utilized.
The test rationale is explained in Bradley (1968). Verdocren (1963)

tabulatad critical wvalues for the rank sum test and the IMSL subroutine

.
T
[}
[o%
M
Pal
(1]
2]
3]
[
o
®
Y
o ]
(1]

for performing the Wilcoxon Rank Sums Test was use

rn

statisticzal significance of differences between the dav-nigh:

paired trawls. The use of ranks is a useful method for nandling the
non-normal distributions, particularly when one member of a day-night
pair has no occurrence of a given species. The tests were used for

"significance' and at P £ 0.20

comparisons at P £ 0.05 for statistical
for consideration of possible differences. Confidence limits of 95
percent and 80 percent were also utilized in making some comparisons.
Comparisons were made for each species for both the number of indi-
viduals per trawl sample and the biomass of individuals per trawl sample.
The data by species were pooled over the entire vear for one set of
analvses. For another set of analyses, the year was separated into the
three seasonal collections with the monthly collections on Transect II
between seasons combined to make a total of six periods for the purpose
of assessing any seasonal diel changes in abundance; the periods were
thas, winter (January-February); March plus April; spring (May-June);

July plus August; fall (September-October); and November plus December.

Cluster Analysis

The methods of similarity analysis developed originally by plant
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acologists have had widgspread use in manyv fields of ecology. They have
the advantage of using all the speciss abundance information available
and are free of distributional assumptions. Since there ars several
methods for use with any set of given data, discussion here will be
limited to those methods fcound to be best-suited for this study.

Computations were done on an IBM 3860 computer in the Texas A&M Data
Processing Center using the program CLASS developed by Dr. Robert W. Smith,
Departaent of Biology, University of Southern California. Analyses were
performed for each of the thres seasonal collaction periods. Fer each
set of data, dav and night collections were combined to give a better
id=a of the total speciess at each station.

The first step in the analysis was computazion of the dissimilarity
between all possible pairs of collections or stactions based on the species
present. The resulting coefficients wera tabulated in matrix form with
one coefficient for every pair of entities to be classified. This
measure of dissimilarity can be expressed as the ecological distance
between pairs of entities and the matrix is commonly called the '"distance
matrix'.

Two dissimilarity measures were used in the analyses. One is xnown

"is the complement of that given by

as the Bray-Curtis measure and
Bray and Curtis (1957)'" (Stephemson, 1972). If le and ij are numbers

of the jth species at two sites, then the expression is:

n
31 %1 - %ol

a .

In this expression, inj - ijl indicates the absolute value of the dif-

ference., The denominator is the sum of the values for all species at
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both stations. It is, therefore, strongly influenced by outstandingly
large values and minimally influenced by small values. Transformation

of the raw data (discussed later) minimized this problem; however, the
Bray-Curtis coefficient is still senmsitive to dominance. Joint absences
have no effect on this coefficient, therefores it is suitable for analysis
of heterogeneous sets of ecological data, Z.e. where many species are
absent from most of the samples (Day et gql., 1971). This coefficient

has been used in recent marine studies by Stephenson, Williams and Lance
(1970) and Stephenmson and Williams (1971) and in a slightly different
form by Field and McFarlane (1968), Field (1969, 1970, 1971) and Day,
Field and Montgomery (1971) whe refer to it as the Czekanowski coefficient.

The other dissimilarity measure is the Canberra-Metric which is:
1 .
=3
]

Since it is a mean of a series of fractions, an outstandingly large value
only contributes to one of the fractions; however, it possesses a trouble-
some singularity at zero. If le is zero, the contribution of that species
takes its maximum possible value of 1, irrespective of the value X25.
Therefore, differences of 0 and 1000 and of 0 and 1 carry the same‘weight,
whi;h does not make good ecological semse. It is usual to counter this
by replacing le with a value somewhat similar that the smallest value
appearing in the daéa matrix (Stephenson ¢t al., 1972a). A good rule of
thumb is to replace the zero values with a number 1/5 of the smallest
value recorded (Stephenson et <l., 1972b).

From the distance matrices, individuals may be clustered into
related groups. This can be done most effeciently by one of the agglomer-

ative hierarchical clustering strategies (Williams, 1971) in which indivi-



duals are successfullv clustered into groups which have the greatest
iater-group aifinities. TFcllowing Stephenson 2% <l. (1972a), two dif-
ferent clustering strategiss were used: ''group average" [equivalant to
the unweightad pair group =method of Sneath and Sokal (1973)] and
"#lexible" (Lance and Williams, 1967). Comparisons of various sorting
strategias are given by Field and McFarlane (1968), Stephenson, Williams
and Coox (1972b) and Prichard and Anderson (1971).

Flexible sorting clusters intemsely, giving sharp clusters aad
emphasizing weak boundaries, while group average sorting clusters only
weakly and tends to give large groups of poorly differentiated stations
or species., These twc twvpes of sorting strategies are termed space-
dilating and space-conserving, respectively (Lance and Williams, 1967).

In group average sorting, the mean distance to a given site Irom
every other site i3 computed and the site is fused to that group or indi-
vidual site with the smallest mean distance. This strategy clusters only
weakly and is little prone to misclassification (Stephenson 27 zl.,
1972a). It has been usaed with success in marine benthic studies by
Field and McFarlane (1968), Field (1971), Day, Field and Montgomery
(1971) and 3cesch (1973).

Flexible sorting is based on a generalized formula for hierarchical
clustering methods given by Lance and Williams (1967). A good discussion
of its properties is given by Sneath and Soxal (1973) who show the
results of using various values of the clustaer intensity coefficient
(3). The now conventional valus of 2=-0.25 (Stephenson and Williams,
1971; Clifford and Stephenson, 1975) was used in this analvsis. This

trategy was used and discussed by Boesch (1973), Stephenson, Williams
and Lance (1970), Stephenson and Williams (1971) and Stephenson, Williams

and Cock (1972b).
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After individuals are successfully grouped, their relationships are
optimized in a dendrogram which Mayr, Linsley and Usinger (1953) define

as ". . . a diagramatic illustration of relationships based on degree

of similarity . . . ". It is a rooted tree diagram with the branches
representing individual stations. The successive nodas represent the
clusters resulting from fusion of prior clusters and the interval between
nodes represents the degree of dissimilarity or the relative difference
between successive groupings.

Thus far, the analysis used gtations as individuals and species
as attributes to produce "station groups". This is knowa as ''normal
analysis". It is also desirable to classify the speciss in terms of the
stations at which they occur. This is known as "inverse analysis" and
the stations become the attributes of the species.

The final step is to prasent the results of both normal and inverse
analysis as a full two-way coincidence table. This is the original
matrix resorted into groups as indicated by the classification. Use of
the two-way table is desirable for two reasons: first, to make decisiouns
on where to subdivide ill-defined clusters; and second, the location of
"misclassifications'". These can occur in agglomerative programs because
fusions begin where group affinities are weakest (Clifford and Stephen-
son, 1975). Careful examination of the table will allow these "misclas-

sifications"” to be reallocated to a more suitable group.

Reduction, Transformation and Standardizatioan of the Data

There are two reasons why data reduction is desirable in this study.
The first 1s to reduce the computation time, and hence, the resultant
expense., The second is that if data show little or nothing of biological

meaning there is no point in including them. For this study, those
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species which were represented by less than three individuals during a
seasonal period were eliminated from the data. For further rationale see
Clifford and Stephemson (1975), Stephenson et al. (1970), Field (1971),
Stephenson et al. (1972a) and Day et al. (1971). The resultant reduc-
tion of species was from 96 to 67 in the winter, from 89 to 68 in the
spring and from 82 to 62 in the fall.

Since the Bray-Curtis coefficient is sensitive to dominance, with
high values overly influencing the measure, the raw data were transformed
using square roots. This reduced the largest numbers in the data set to
about 50.

Prior to inverse classification, species abundance was standardized
by norm (/EEI;EQ) to emphasize the relative differences of each species
at each station rather than the magnitude of the differences between

species (Noy-Meir, 1973).

Interpretation of Analysis

Constancy and fidelity are good measures of species (or species-—
groups) and station-group associations. These concepts  have been exten-
sively discussed by Stephenson et al. (1970), Stephenson et aZ,‘(l972a)
and Stephenson (1972). Constancy is a measure of the extent to which a
given species may be expected to occur in similar stations, and fidelity
measures the extent to which a species is confined to a set of statioms.
Constancy is defined as the number of stations in a site-group in which
.a given species occurs, expressed as a percentage of the total number of
stations available. Thus, a species is highly constant if found at all
stations within a site-group, although it need not be restricted to only
one site-group. The ratio of the frequency of occurrence of a species

within a site-group to the overall frequency of occurrence in the whole
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experimental area, again expressed as a percentage, is an adequate measure
of fidelity. A species is highly faithful if it occurs in only one site-
group, although it need not occur at every station within that site-group.
A species which showed only one occurrence within the whole experimental
area was not considered to be a faithful species to the site-group in which
it occurred. It was felt that two or more occurrences within a site-group
were necessary before a species could be considered as possessing the
quality of fidelity.

Stephenson's (1972) method included the use of four reference grades
for both constancy and fidelity: very high (VH) 95-100%Z, high (H) 66-947,
medium (M) 65-33%Z, and low (L) 32-0%Z. For this analysis, the grades of
VH and H were used, since percentages less than 66% for some of the smaller

site-groups (four stations) were rather meaningless.

RESULTS

General Distribution and Abundance

Although nearly four times as many samples were taken in 1976 as in
1975, only 131 species were taken in 1976 as compared to 117 species in
1975. Over both years a total of 150 species was . taken. Many of these
species were single occurrences. Table 1, Appendix H contains a list of
all trawls taken during 1976 and the species composition of the trawls,
the number of individuals of each species, and the total weight of all
individuals of each speciegs. Table 2, Appendix H, contains a list of
species by order and family for 1975 and 1976, along with total numbers of
individuals and weights in grams.

The collecting stations were divided into three station groups,
based on depth (see Table 1). Previous workers (Chittenden and Moore,

1976; Chittenden and McEachran, 1976) have recognized changes with depth
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TABLE 1

DIVISION OF COLLECTING STATIONS INTO STATION GROUPS
BASED ON DEPTH
(ROMAN NUMERALS INDICATE TRANSECTS)

Statdons
Station Group 1 4/1 1/11 4/1I1 4/1IV
(< 30 meters) 1/1 1/111 1/1v
Station Group 2 2/1 4/11 5/11I 5/1v
(31-90 meters) 5/1 2/11 2/111 2/1v
5/11 6/1V
Station Group 3 3/1 3/11 3/111 3/1v

(> 91 meters) 6/1 6/11 6/II1 7/1V
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in the ichthyofauna of the continental shelf in the Gulf of Mexico. In
addition, our own analysis of the data using clustering techniques (pre-
sented later in this report) justify this division of stations with res-
pect to depth.

The depths delimiting station groups were arbitrarily chosen, although
the 30 m boundary between station groups 1 and 2 corresponds roughly to
the transition zone between the so-called white shrimp and brown shrimp
grounds (Chittenden and McEachran, 1976).

Summary data for the 1976 sampling program are presented in Tables
2-9. Data for monthly samples are included in these tables; however,
because of the limited number of trawls taken during the monthly sampling
periods, the following discussion will be restricted to data from the |
seasonal samples (winter, spring and fall).

Inspection of Tables 4 and 5 reveals no obvious trends over seasons
in the numbers of species captured. It can be seen, however, that for
both day and night sampling, trawls in Station Group 3 yielded lower numbers
of species caught thgn did trawls taken in other station groups.

Tables 6 and 7 show that for both day and night trawls, the greatest
catch (expressed in numbers of individuals caught per trawl) occurred
during the spring in station group 1, while the lowest catch also occurred
during the spring but in station group 3. There is a general tendency
among both day and night trawls for the lowest catches to occur in station
group 3. The only instance where the catch for station group 3 exceeded
the catch in another station group occurred during the fall night trawls
(where station group 3 > station group 1).

N§ regular patterns are evident among the station groups or through

seasons for data on total biomass taken per trawl (Tables 8-9).



Station Group 1
Station Group 2

Station Group 3

Winter

7

10

7

TABLE 2

TOTAL NUMBER OF DAY TRAWLS MADE IN EACH STATION GROUP

Spring Fall March April July August November

7 7 1 3 1 1 1
12 10 3 5 5 3 3
8 8 2 2 2 2 2

December

£¢-0T



Station Group 1
Station Group 2

Station Group 3

TABLE 3

_art

TOTAL NUMBER OF NIGHT TRAWLS MADE IN EACH STATION GROUP

Winter Spring Fall March April July

August
7 9 9 1 1 1 3
10 10 12 3 3 3 3
7 8 8 2 2 2 2

November
3

3

December
3

3

%2-01



Station Group 1
Station Group 2

Station Group 3

TOTAL NUMBER OF SPECIES CAUGHT IN DAY TRAWLS IN EACH-

Winter
40
43

28

Spring
41
33

24

Fall

26

43

22

TABLE 4

March

14

29

27

April
13
20

21

July
8
25

12

STATION GROUP

August  November

5 9
18 19
12 16

December

18

20

~I_NAT



TABLE 5

TOTAL NUMBER OF SPECIES CAUGHT IN NIGHT TRAWLS IN EACH STATION GROUP

Winter
Station Group 1 42
Station Group 2 51
Station Group 3 34

Spring
55
50

30

Fall

38

52

34

March

16

45

33

April
9

34

33

July
9
23

19

August  November

17 14
21 19
16 19

December

11

22

18

Q?=NnT



TABLE 6

TOTAL NUMBER OF INDIVIDUALS (OF ALL SPECIES) CAUGHT (PER TRAWL)

Winter
Station Group 1 404
Station Group 2 162
Station Group 3 31

Spring
819
141

20

IN DAY TRAWLS IN EACH STATION GROUP

Fall

90

124

40

March

307

121

159

April
193
34

117

July
72
31

25

August November

29 25
27 44
15 - 72

December
19
28

42

1 7=NT



TABLE 7

TOTAL NUMBER OF INDIVIDUALS (OF ALL SPECIES) CAUGHT (PER TRAWL)
IN NIGHT TRAWLS IN EACH STATION GROUP

Winter Spring Fall March April July August  November

Station Group 1 254 509 85 566 64 25 29 25
Station Group 2 187 207 100 209 139 39 56 38
Station Group 3 71 48 95 197 214 42 41 78

December

38

60

72

87-01



TABLE 8

TOTAL BIOMASS (IN GRAMS) OF ALL SPECIES CAUGHT (PER TRAWL)
IN DAY TRAWLS IN EACH STATION GROUP
Winter Spring Fall March April July August November
Station Group 1 3849 10576 1062 6900 9495 1070 249 209
Station Group 2 2949 3719 2900 3133 2291 2051 1009 1390

Station Group 3 1387 1326 1482 4879 3065 971 794 4155

December

115

1350

1182



TABLE 9

TOTAL BIOMASS (IN'éRAMS) OF ALL SPECIES CAUGHT (PER TRAWL)
IN NIGHT TRAWLS IN EACH STATION GROUP
Winter Spring Fall March April July August November
Station Group 1 2967 5641 1545 4250 986 273 443 390
Station Group 2 3425 2270 2270 4398 2450 755 1520 1372

Station Group 3 2671 2248 3142 4307 6368 2443 1607 4207

December

249

1521

2970

0€-0T
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Tables 10 and 11 give values for various diversity indices computed
for each station group and for each season. There are no obvious patterns
shown by H," and PIE values. Equitability (E) however, shows an increase
proceeding from station group 1 to station group 3 for both day and night
data in all seasons'except spring (day).

Listings of the ten most abundant species in each station group during
each season are given in Tables 12 (based on day trawls) and 13 (based on
night trawls). The frequencies with which the more prominent species
occurred in the '"top ten" listings are shown in Table 3, Appendix H. This
table gives an indication of the seasons and station groups in which given
species are predominant components of the benthic ichthyofauna. For example,
it can be seen that Micropogon undulatus is caught predominantly in station
group 1. (shallow stations) during both day and night sampling. Similarly,
Anchoa hepsetus is predominant in station group 1 during both day and
night. Peprilus burti, however, 1is caught in abundance over all three
station groups, but only during the day.

The abundances of each of the major species (expressed as numbers of
individuals caught per trawl) in the three station groups du:}ng gifferent
seasons are presented in Table 4, Appendix H. These data indicate rBughly
the station groups and seasons in which each of the species show their
greatest and least concentrations. With the exception of three species,
all of the major species listed in Table 4, Appendix H, occurred at least
to some extent in each of the three station groups. The three exceptions
are listed in Table 14.

Table 5, Appendix H gives abundances (as number of individuals caught
per trawl) on each of the four transects during the three different seasonmns.

Again, these data give a rough indication of the areas (represented by
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TABLE 10

VALUES FOR THE SHANNON-WEAVER DIVERSITY INDEX (H,"),
PROBABILITY OF INTERSPECIFIC ENCOUNTER (PIE) AND
EQUITABILITY (E) FOR EACH STATION GROUP.

(BASED ON NUMERICAL ABUNDANCES OF SPECIES IN DAY TRAWLS)

Winter Spring Fall

Station Group 1 H," 2.110 2.309 1.289
PIE .824 .869 .459

E .125 171 .115

Station Group 2 H," 2.114 1.374 2.710
PIE .868 .496 .874

E .139 .091 .209

Station Group 3 H," 2.613 2.267 2.415
PIE .900 .817 .880

E .286 .271 .341
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TABLE 11

VALUES FOR THE SHANNON-WEAVER DIVERSITY INDEX (H,'),
PROBABILITY OF INTERSPECIFIC ENCOUNTER (PIE), AND
EQUITABILITY (E) FOR EACH STATION GROUP.

(BASED ON NUMERICAL ABUNDANCES OF SPECIES IN NIGHT TRAWLS)

Winter Spring Fall

Station Group 1 H" 1.996 2.792 2.144
PIE .727 .916 .802

E .119 .173 .158

Station Group 2 H," 2.653 2.788 2.739
PIE .858 .893 .865

E . .176 .180 . .173

Station Group 3 H," 2.523 2.401 2.105
PIE .871 .869 .796

E .235 .250 .176



TABLE 12

TEN MOST ABUNDANT SPECIES CAPTURED IN DAY TRAWLS IN EACH STATION GROUP DURING EACH SEASON.

Station Group 1

Winter
Species

Anchoa hepsetus
Cynoscion nothus
Micropogon undulatus
Peprilus burti
Anchoa micthilli
Syacium gunteri
Cynoscion arenarius
Sphoeroides parvus
Trachurus lathami
Trichiurus lepturus

SPECIES LISTED ALSO HAVE ABUNDANCE > 10 INDIVIDUALS.

NUMBERS OF INDIVIDUALS CAPTURED ARE GIVEN FOR EACH SPECIES

No.

749
646
570
221
177
72
66
57
35
36

Spring

Species

Micropogon undulatus
Polydactylus octonemus
Trachurus lathami
Cynoscion arenarius
Cynoseion nothus
Chloroscombrus chrysurus
Anchoa hepsetus
Trichiurus lepturus
Peprilus burti

Upeneus parvus

No.

1216
1012
891
577
465
449
449
170
105
76

Fall

Species No.
Chloroscombrus chrysurus 462
Lutjanus campechanus 34
Stenotomus caprinus 21
Micropogon undulatus 18
Eucinostomus gula 16
Syacium gunteri 16
Sphoeroides parvus 12
Diplectrum bivittatum 10
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Station Group 2

Winter

Species

Saurida brasiliensis
Serranus atrobranchus
Synodus poeyi
Syacium gunteri
Diplectrum bivittatum
Synodus foetens
Prionotus stearnsi
Upeneus parvus
Stenotomus caprinus
Pristipomoides aquilonaris

No.

552
342
99
98
70
63
56
45
43
37

TABLE 12 CONT.'D

Spring
Species

Trachurus lathami
Lagocephalus laevigatus
Saurida brasiliensis
Upeneus parvus

Peprilus burti

Synodus foetens
Pristipomoides aquilonaris
Serranus atrobranchus
Prionotus stearnsi

Stenotomus caprinus

No.

1189
76
66
59
57
51
42
36
30
22

Fall
Species

Prionotus stearnsi
Peprilus burti

Serranus atrobranchus
Trachurus lathami
Saurida brasiliensis
Polydactylus octonemus
Upeneus parvus
Chloroscombrus chrysurus
Syacium gunteri
Porichthys porosissimus

Stenotomus caprinus

No.

366
131
129
111
47
47
39
38
34
25
25
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Station Group 3

Winter
Species

Serranus atrobranchus
Prionotus paralatus
Trichopsetta ventralis
Pristipomoides aquilonaris
Upeneus parvus

Saurida brasiliensis
Halieutichthys aculeatus
Stenotomug caprinus

No.

40
34
30
23
17
11
11
10

TABLE 12 CONT.'D

~Spring

Species

Pristipomoides aquilonaris
Serranus atrobranchus
Peprilus burti
Trichopsetta ventralis
Prionotus paralatus

No.

62
25
12
11
10

Fall
Species

Serranus atrobranchus
Trachurus lathami
Pristipomoides aquilonaris
Trichopsetta ventralis
Stenotomus caprinus
Upeneus parvus

Prionotus paralatus
Saurida brasiliensis
Prionotus stearnsi

Pontinus longtspinis

No.

77
49
38
28
27
19
17
14
11
10
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TABLE 13

TEN MOST ABUNDANT SPECIES CAPTURED IN NIGHT TRAWLS IN EACH STATION GROUP DURING FACH SEASON.

Station Group 1

Winter
Species

Cynoseion nothus
Syacium guntert
Micropogon undulatus
Symphurus plagiusa
Anchoa hepsetus
Larimus fasciatus
Sphoeroides parvus
Etropus crossotus
Cynoscion arenarius
Prionotus rubio

SPECIES LISTED ALSO HAVE ABUNDANCE 2 10 INDIVIDUALS.

NUMBERS OF INDIVIDUALS CAPTURED ARE GIVEN FOR EACH SPECIES

No.

880
191
131
101
96
95
59
36
28
27

Spring

Species

Micropogon undulatus
Prionotus rubio
Polydactylus octonemus
Stenotomus caprinus
Sphoeroides parvus

Larimus fasciatus

Anchoa hepsetus
Centropristis philadelphica
Conodon nobilis

Cynoscion arenarius

No,

776
508
506
418
326
284
258
233
191
190

Fall
Species

Sphoeroides parvus

Syacium gunteri

Micropogon undulatus
Lutjanus campechanus
Diplectrum bivittatum
Eucinostomus gula

Prionotus rubio
Centropristis philadelphica
Chloroscombrus chrysurus
Polydactylus octonemus

No.

259
180
104
51
23
17
17
16
15
13
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Station Group 2

Winter
Species

Serranus atrobranchus
Syacium gunteri

Porichthys porosisaimus
Bollmannia communie
Trichopsetta ventralis
Engyophrys senta

Prionotus rubio
Centropristis philadelphica
Cyclopsetta chittendeni
Stenotomus caprinus

No.

590
295
152
80
17
76
73
64
52
43

TABLE 13 CONT.'D

L4

Spring

Species

Stenotomus caprinus
Serranus atrobranchus
Syacium gunteri

Trachurus lathami
Sphoeroides parvus
Prionotus stearmsi
Centropristis philadelphica
Lagocephalus laevigatus
Bollmannia communis

Synodus poeyt

No.

497
334
169
126
116
111
94
80
48
42

Fall
Species

Serranus atrobranchus
Stenotomus caprinus
Prionotus stearnsi

Syacium gunterti
Halieutichthys aculeatus
Centropristis philadelphica
Polydactylus octonemus
Sphoeroides parvus
Prigtipomoides aquilonaris
Porichthys porosissimus
Prionotus rubio

No.

389
108
94
87
64
53
43
36
35
25
25
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Station Group 3

Winter
Species

Serranus atrobranchus
Prigtipomoides aquilonaris
Trichopsetta ventralis
Prionotus paralatus
Stenotomus caprinus
Halieutichthys aculeatus
Prionotus rubio
Porichthys porosissimus

No.

132
85
63
46
32
23
22
13

TABLE 13 CONT.'D

Spring

Species

Serranus atrobranchus
Pristipomoides aquilonaris
Prionotus paralatus
Trichopsetta ventralis
Stenotomus caprinus
Halieutichthys aculeatus

Pontinus longispinis

No.

87
73
50
43
37
22
11

Fall
Species

Serranus atrobranchus
Pristipomoides aquilonaris
Prionotus paralatus
Trichopsetta ventralis
Halieutichthys aculeatus
Stenotomus caprinus

Pontinus longispinis

No.

291
115
99
86
35
31
25
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TABLE 14

ABSENCE OF MAJOR SPECIES IN THE STATION GROUPS

Never found in station group:

Species
I IT IIX
Sphaeroides parvus X
X

Syacium guntert
Trichopsetta ventralis X
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transects) and seasons in which the major species are concentrated.

When the data are ranked in order by the number of occurrences for
each species, along with total numbers and weights, the 1976 data appear
as in Table 6, Appendix H. Also in this table are the statistical confi-
dence limits within which some of the species are either predominantly
taken during the day (D) er night (N).

Table 15 includes the winter day-night series for all statioms on
the four transects. Day Station 3/I was not sampled and substitute
values based on averages of Day Station 6/I and Day Station 3/II, the
nearest stations and those most likely to have similar species composi-
tions, were used. This procedure seemed more biologically justifiable
than the usual statistically justifiable system of calculating missing
values based on all numerical or weight data, regardless of species com-
position. Table 16 is a summary of the observed and calculated values
for the March 1976 series on Transect II1. Table 17 is similar, but for
the April monthly series with replicates as indicated. Table 17 is for
the series during April for Transect II with both observed and calculated
values.

Table 18 represents the observed and calculated values for the spring
series over all stations and transects, with replicates where indicated.
The Transect II, July monthly data are given in Table 19, and the August
monthly data in Table 20,

The fall 1976 data series (roughly comparable to the late summer 1975
series) is included in Table 21. The ensuing November and December monthly
Transect II series are in Tables 22 and 23, respectively.

For each of the individual collections from each trawl sample, the
Shannon diversity index for numbers, the index for weights, the number of
species and their numbers and weighﬁs, the PIE value, and the equitability

E value were tabulated. These tabulations are also included in Tables 15-23.



TABLE 15

TOTAL NUMBER OF SPECIES, TOTAL NUMBER OF INDIVIDUALS, TOTAL WEIGHT, Hnh" AND Hy'" DIVERSITY INDICES, EQUITA-
BILITY (E), AND HURLBERT'S PROBABILITY OF INTERSPECIFIC ENCOUNTER (P.I.E.) FOR EACH SAMPLE IN THE WINTER
1976 COLLECTIONS. ASTERISK DENOTES SUBSTITUTE VALUE.

Station/Transect Code Replicate Species Individuals Weight (g) E P.I.E. Hp" Hy"'

1/I Day HBK .13 655 3124.9 0.308 0.754 1.575 1.6%
1/I Night HBU 16 427 3820.3 0.188 0.472 1.186 1.604
2/1 Day HCX 20 186 3257.7 0.250 0.735 1.932  2.124
2/1 Night HER 16 76 1033.1 0.375 0.825 2.107 2.036
3/1 Day HEG * 12 40 1296.6% 0.521* 0.859% 2.068* 1.965%
3/1 Night HEO 15 91 4216.3 0.333 0.846 2.050 2.100
4/1 Day HFM 17 674 2606.2 0.235 0.688 1.536 1.912
4/1 Night HFS 16 505 3068.5 0.250 0.660 1.483 1.736
5/1 Day HGN 24 321 4660.0 0.250 0.832 2.256  2.539
5/I Night HGR 23 162 4697.5 0.348 0.878 2.531 2.453
6/1 Day HHN 17 59 1851.6 0.471 0.909 2.476 2.150
6/1 Night HHR 23 159 4872.4 0.304 0.856 2.339 2.476
1/1I1 Day HJC 13 373 13556.2 0.231 0.601 1.358 1.280
1/I1 Night HJL 20 292 6075.9 0.150 0.566 1.353 1.215
2/1II Day HKP 19 310 6492.8 0.263 0.797 1.978 2.018
2/I1 Night HKX 30 383 5595.2 0.200 0.769 2,214 2,489
3/11 Day HMA 7 21 741.6 0.571 0.809 1.660 1.780
3/11 Night HMI 11 60 2355.8 0.455 0.785 1.834 1.798
4/11 Day HNG 14 210 4151.5 0.214 0.575 1.439 1.931
4/11 Night HNK 20 195 2687.8 0.400 0.893 2.504 2.208
5/11 Day HOP 14 84 4477 .6 0.500 0.881 2.315 1.781
5/11 Night HOT 22 231 8142.7 0.273 0.839 2.238 2.321
6/I1 Day HQE 10 30 1788.7 0.500 0.809 1.810 1.664
6/11 Night HQI 10 38 1639.0 0.500 0.873 2.041 1.803
1/I1II Day HUQ 13 74 3175.6 0.308 0.700 1.729 2.026
1/1II Night HUY 16 105 2872.1 0.313 0.789 2.017 1.815
2/1I1 Day IAR 9 49 2117.0 0.333 0.651 1.472 1.411
2/I1II Night IAZ 22 175 2510.2 0.182 0.608 1.677 1.972
3/II1 Day ICN 13 . 63 1938.7 0.385 0.836 2.033 2.261
3/I1I Night Icv 9 37 1413.0 0.444 0.734 1.651 1.647
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TABLE 15 CONT.'D

Station/Transect Code Replicate Species Individuals Weight (g) E P.1.E. Hp" Hy"
4/1I1 Day IEI 12 764 1730.4 0.083 0.041 0.149 1.049
4/II1 Night IEO 11 119 672.0 0.273 0.442 1.064 1.830
S/1I11 Day IGB 18 110 1684.6 0.333 0.862 2.210 2.197
5/1I1 Night IGF 23 219 3386.6 0.261 0.813 2.081 2.444
6/1I11 Day IHT 6 20 2740.0 0.500 0.726 1.400 1.215
6/1I11 Night IHX 13 73 3221.5 0.462 0.849 2.063 2.139

1/1IV Day 1Ju 10 98 1120.8 0.300 0.652 1.412 1.774
1/1V Night IKC 16 202 2622.8 0.250 0.732 1.758 1.502
2/1IV Day ILO 7 21 312.5 0.571 0.819 1.682 1.536
2/1IV Night ILS 20 246 3176.6 0.250 0.804 2,041 2,331
3/1V Day INI 10 26 650.7 0.500 0.821 1.871 1.842
3/1V Night INQ 10 42 939.1 0.500 0.831 1.896 2.023
4/1IV Day IPF 7 189 1602.8 0.429 0.499 1.097 1.270
4/IV Night IPJ 13 151 1640.3 0.154 0.376 1.000 1.239
5/1IV Day 1QX 13 79 1561.0 0.385 0.835 2.046 2.000
5/1IV Night IRA 20 156 2519.7 0.250 0.669 1.845 1.848
6/1V Day ISX 14 54 2189.8 0.500 0.889 2,299 2.025
6/1IV Night ITB 14 28 495.1 0.571 0.936 2.474 2.257
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TABLE 16

TOTAL NUMBER OF SPECIES, TOTAL NUMBER OF INDIVIDUALS, TOTAL WEIGHT, H," AND H," DIVERSITY INDICES, EQUITA-
BILITY (E), AND HURLBERT'S PROBABILITY OF INTERSPECIFIC ENCOUNTER (P 1.E.) FOR EACH SAMPLE IN THE MARCH
1976 MONTHLY COLLECTIONS.

Station/Transect Code Replicate Species Individuals Weight (g) E P.I.E. H," Hy"
1/I1 Day JUI 13 306 6899.5 0.307 0.642 1.516 1.237
1/II Night JUK 16 566 4248.7 0.187 0.655 1.467 1.293
2/11 Day JWF 24 201 4668.3 0.291 0.883 2.437 2.230
2/I1 Night JWH 32 260 5398.9 0.218 0.815 2.356 2.463
3/1I Day JYZ - 22 148 4875.7 0.318 0.884 2.426 2.387
3/11 Night JZB 25 279 4617.5 0.240 0.783 2.147 2.490
4/11 Day JVE 13 101 1717.9 0.384 0.818 2.020 1.737
4/11 Night JVG 23 . 210 2750.4 0.347 0.889 2.507 2,375
5/11 Day JXB 18 60 3010.3 0.444 0.918 2.570 2.051
5/I1 Night JXD ‘ 17 158 5040.2 0.235 0.802 1.764 1.992
6/11 Day JYA 19 170 4879.1 0.315 0.880 2.169 1.861
6/11 Night JYC 23 114 3995.1 0.347 0.879 2.473 2.438
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TABLE 17

TOTAL NUMBER OF SPECIES, TOTAL NUMBER OF INDIVIDUALS, TOTAL WEIGHT, H," AND H'" DIVERSITY INDICES, EQUITA-
BILITY (E), AND HURLBERT'S PROBABILITY OF INTERSPECIFIC ENCOUNTER (P.I.E.) FOR EACH SAMPLE IN THE APRIL
1976 MONTHLY COLLECTIONS. :

Station/Transect Code Replicate Species Individuals Weight (g) E P.I.E. Hp'" Hy"
1/11I Day KMT 7 10 188 2805.9 0.400 0.737 1.500 1.572
1/1I Day KUT 1 9 161 2245.4 0.444 0.735 1.512  1.492
1/11 Day KUV 2 6 231 4441.9 0.500 0.725 1.374 1.481
1/11 Night KMV 9 64 984.7 0.222 0.433 1.034 1.177
2/11 Day KOQ 14 71 2371.3 0.429 0.871 2.174 1.623
2/1I Day KUx 1 9 21 1391.6 0.555 0.828 1.856 1.234
2/I1 Day Kuz 2 7 23 1207.5 0.571 0.794 1.639 1.461
2/I1 Night KOS 27 172 2588.9 0.259 0.815 2.404  2.494
3/11 bDay KRM 15 90 2980.1 0.467 0.880 2.303 1.922
3/I1 Night KRO " 25 222 7551.3 0.280 0.856 2.356 2.139
4/1I Day KNS 9 44 1083.3 0.444 0.790 1.794 1.603
4/I1 Night KNU lé .52 989.5 0.444 0.929 2.624 2.180
5/11 Day KPP 6 11 326.8 0.667 0.800 1.540 1.604
5/1I1 Night KPR 19 202 3769.6 0.315 0.817 2.137 2.420
6/11 Day KQN 17 163 3150.2 0.353 0.892 2.09% 2.516
6/I1 Night  KWP 22 205 5182.6 0.272 0.829 2.178 2.473
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TABLE 18

TOTAL NUMBER OF SPECIES, TOTAL NUMBER OF INDIVIDUALS, TOTAL WEIGHT, Hp" AND H' DIVERSITY INDICES, EQUITA-
BILITY (E), AND HURLBERT'S PROBABILITY OF INTERSPECIFIC ENCOUNTER (P I.E.) FOR EACH SAMPLE IN THE SPRING

1976 COLLECTIONS.

"Station/Transect Code Replicate Species Individuals Weight (g) E P.1.E. Hp" _Hy"
1/1 Day LXZ 20 1558 26090.2 0.250 0.806 1.886 2.101
1/1 Night LYC 22 1383 22490.9 0.182 0.739 1.740 1.422
2/1 Day MAA 17 571 9542.7 0.118 0.270 0.766 0.846
2/1 Night MAD 14 64 935.2 0.357 0.746 1.903 1.795
3/1 Day MBW 2 2 44.7 1.000 1.000 0.693  0.692
3/1I Night MBZ 10 59 2758.8 0.500 0.815 1.869 1.451
4/1 Day MDR 19 2223 36958.1 0.211 0.671 1.479 1.626
4/1 Night MDT 22 541 7296.9 0.273 0.856 2.159  2.050
5/1 Day MFL 14 44 '1657.6 0.429 0.885 2.264 2.027
5/I Night MFN , 20 198 5262.1 0.250 0.779 2.042  2.434
6/1 Day MHF 2 5 317.7 1.000 0.400 0.500 0.324
6/1 Night MHH 12 47 2596.3 0.500 0.874 2.145 1.922

1/I1 Day MIZ 7 38 549.0 0.571 0.813 1.704  1.257
1/1I Night MJC 9 52 505.2 0.444 0.768 1.712  1.59
©1/I1 Night MJX 1 11 157 1636.0 0.455 0.814 1.844  1.650
1/1I Night MJZ 2 16 148 1804.9 0.313 0.831 2.048 1.737
2/1I Day MLA 10 50 2026.0 0.500 0.867 2.040 1.315
2/I1 Day MMC 1 9 94 2965.3 0.333 0.493 1.137 1.449
2/11 Day MME 2 11 107 2417.7 0.455 0.825 1.964  1.948
2/11 Night MLD 26 257 4112.9 0.308 0.866 2.444  2.330
3/11 Day MNB 8 44 2938.1 0.375 0.669 1.452  1.174
3/1I Night MNE 15 59 3555.0 0.400 0.839 2,080 2.071
4/1I1 Day MOW 10 204 3600.7 0.200 0.329 0.778 0.998
4/1I Night MOY 30 779 2618.9 0.167 0.708 1.858  2.154
5/11 Day MQO 12 36 2189.8 0.500 0.887 2.177  2.072
S/II Night MQQ 21 69 2145.3 0.381 0.909 2.594  2.464
6/11 Day MSG 7 15 522.2 0.571 0.866 1.783 1.825
6/11 Night MSI . 11 53 - 3125.7 0.455 0.849 2.015 1.839
1/1II Day MXB 11 745 9939.2 0.182 0.299 0.745 0.573
1/ITI Night MXE .22 581 1227.1 0.182 0.701 1.638  2.480
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TABLE 18 CONT.'D

Station/Transect Code Replicate Species Individuals Weight (g) E P.1.E H," Hy"
2/1I1 Day MZB 9 80 2427.6 0.222 0.317 0.786 1.462
2/111 Night MZE 11 30 683.2 0.545 0.908 2,231 2.128
3/111 Day NAY 5 7 350.0 0.600 0.857 1.475 1.214
3/1I1 Night NBB 9 28 1675.0 0.556 0.859 1.926 1.622
4/111 Day NCT 10 398 5294.2 0.200 0.539 0.915 0.623
4/111 Night NCY 16 428 4974.3 0.188 0.663 1.391 1.106
5/111 Day NEN 9 107 2585.3 0.222 0.335 0.822 1.271
5/1I1 Night NEP 20 110 1143.3 0.400 0.915 2,610 2.496
6/1I11 Day NGF 9 17 2167.1 0.556 0.875 1.952 1.315
6/II1 Night NGH 11 67 2336.2 0.364 0.823 1.758 1.963

1/IV Day NHY 13 335 4606.7 0.154 0.451 1.010 1.018
1/1IV Night NIB 16 303 1357.0 0.250 0.701 1.591 1.851
2/1IV Day NJY 7 41 898.8 0.429 0.704 1.433 1.488
2/IV Night NKB 20 95 1638.6 0.400 0.868 2.462 2.448
3/IV Day NLV 6 16 521.3 0.667 0.841 1.663 0.932
3/1IV Night NLY 12 34 1005.0 0.500 0.869 2.139 2,279
4/1IV Day NNQ 18 409 11777.7 0.222 0.618 1.640 1.164
4/1IV Night NNS 24 398 3514.9 0.208 0.739 1.929 2.134
5/1V Day NPI 10 330 5102.4 0.200 0.336 0.737 0.718
5/IV Night NPK 28 466 3835.8 0.214 0.833 2.130 1.946
6/1IV Day NRA 7 25 1708.6 0.571 0.826 1.700 1.654
6/1IV Night NRC 3 4 163.0 0.667 0.883 1.039 0.178
7/1IV Day NSS 8 56 3744.2 0.375 0.618 1.318 0.905
7/1V Night NSU 12 38 926.9 0.417 0.769 1.851 1.955
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TABLE 19

TOTAL NUMBER OF SPECIES, TOTAL NUMBER OF INDIVIDUALS, TOTAL WEIGHT, Hn" AND H_' DIVERSITY INDICES, EQUITA-
BILITY (E), AND HURLBERT'S PROBABILITY OF INTERSPECIFIC ENCOUNTER (P.I.E.) FOR EACH SAMPLE IN THE JULY
1976 COLLECTIONS. ' :

Station/Transect Code Replicate Species Individuals Weight (g) _E P.I.E. H," H,"
1/I1 Day oIP 8 72 1069.0 0.500 0.710 1.485 1.584
1/1I Night OIS 9 25 270.9 0.556 0.893 2.044 1.962
2/11 Day 0JQ 12 27 1074.0 0.417 0.769 1.906 1.310
2/1I Day oJv 1 15 31 1577.7 0.467 0.881 2.333 1.430
2/11 Day 0JX 2 12 27 778.9 0.600 0.897 2.236 1.815
2/1I1 Night O0JT - 14 42 685.2 - 0.367 0.765 1.910 1.996
3/11 Day OKV 9 18 783.2 0.444 0.758 1.714 1.690
3/11 Night OKY 12 29 1585.1 0.500 0.852 2.086 2,082
4/11 Day OLV 9 28 360.2 0.444 0.780 1.732 1.482
4/I1 Night OLX .15 44 439.7 0.467 0.891 2.317 2.229
5/11 Day OMU ' 6 42 2361.5 0.333 0.380 0.845 0.551
5/1I1 Night OMW 10 30 1139.3 0.500 0.857 1.976 1.845
6/11 Day ONT 9 31 1157.0 0.444 0.850 1.697 2.053
6/1I1 Night ONV 13 55 1577.7 0.462 0.859 2.088 1.858
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TABLE ,20

TOTAL NUMBER OF SPECIES, TOTAL NUMBER OF INDIVIDUALS, TOTAL WEIGHT, H," AND Hy'" DIVERSITY INDICES, EQUITA-
BILITY (E), AND HURLBERT'S PROBABILITY OF INTERSPECIFIC ENCOUNTER (P.I.E.) FOR EACH SAMPLE IN THE AUGUST

1976 MONTHLY COLLECTIONS.

Station/Transect Code Replicate Species Individuals Weight (g) E P.I.E. Hp" H,,"
1/11 Day ouT 8 29 745.5 0.800 0.645 1.171  0.870
1/1II Night OUW 5 18 383.9 0.625 0.869 1.875 1.648
1/II Night RIS 1 7 23 509.7 0.571 0.771 1.492 1.151
1/I1 Night RJU 2 11 46 443.8 0.455 0.809 1.945 1.990
2/11 Day ovu 11 28 1218.6 0.545 0.915 2.246 1.873
2/1II Night OVX 18 85 3030.4 0.444 0.915 2.565 2.251
3/1I Day owv 6 13 730.5 0.667 0.820 1.585 1.244
3/I1 Night OWY 12 35 1158.1 0.500 0.887 2.179 2.047
4/11 Day oxv 8 25 406.0 0.625 0.843 1.808 1.669
4/II Night OXX 13 62 809.6 0.462 0.878 2