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Eight-zumd :ed macroinfauna samples and 222 invertebrate e:)j4fauna 
samples were collected in 1976 . Six replicate macroinfauna samples were 
collected seasonally at each station with a 0 .0?5 m' Smith-Macintvre bottom 
grab . Epifauna samples were collected with a 10 .i-ra Tows box otter crawl ; 
one daytime and one nighttime trawl were taken per station . 

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

Three habitat types were identified in the STOCS study area based en 
location and sediment : shallow muddy-sands and mid-depth transitional 
sediments ; deep silty-clays ; and, deed muddy sands . Infauna.1 densities 
(number of species and izdi-riduals) were highest in shallow and deep 
muddy-sand sediments . 

Cluster analyses of izver:ebrate e?iiauna trouped stations bv depth 
with a maijor separation between inner-shell= stations (1C-49 m) and 
outer-shelf stations (03-134 m) . Number of species was ezerally greater 
in the outer-shelf area than in the inner-spelt, but number of individuals 
was much greater in the inner-shelf . 

An assessnent or small-scale distribution patterns revealed that 
macroinfauna populations were more aggregated inshore than at deeper, off-
shore stations . Inshore communities were distributed on a smaller scale, 
2 .e ., the same sampling effort obtained a greater percentage of the 
inshore species than of the offshore species . 
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have been relatively well studied along the inner-shelf or the Gulf of 

Mexico . Results of early biological investigations in the Gulf of Mex-

ico using the LSGS steamer BLAKE (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 surveys ::ere conducted 

aboard the US74S exploratory fishing vessel 0?tEGO'N in the Gulf of Mexico 

(Springer, 1951 ; Springer and Bullis, 1956), and by the Texas ?arks and 

Wildlife Department along the Texas coast (Compton and Bradley, 1964 ; 

Comp ton, 1965) . These surveys were concerned primarily with commercial 

species and little attempt was made to quantitatively assess the temporal 

or spatial distribution of invertebrate populations . The most extensive 

survey of benthic epifaunal populations of the continental shelf was that 

of Defeabaugh (1975) ; however, this study covered only the northern portion 

or [he STOCS study area . 
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INTRODUCTION 

The ber.tn4c invertebrate 2piiaura and macroinfauna study conducted 

as an element of the 3LM-STOCS project is designed to provide information 

on the current status of benthic invertebrate populations of the South 

Texas Outer Continental Shelf . The focus of the first two years of this 

study has been : 1) the identification and enumeration of the macroin-

fauna and invertebrate epiiauna inhabiting the STCCS study area ; 2) 

Q2:.iA2dtior. oaunI; stical1 ;7 ;im il a: 3 eorapnicai regions and i en=ifi-

cation of faunal assemblages characteristic of these regions ; and 3) 

correlation of the observed invertebrate epifaunal and macroinfaunal 

distributions and abundazces with other biolo?ical, chemical, and physi-

cal factors investigated in the stud ; . 

Invertebrate epifauna, particularly those of commercial importance, 
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a good taxonomic key to littoral marine annelids, and by Harder (1970) . 

However, these studies were restricted to inner-shelf waters . Rowe (1966) 

discussed oolychaete distribution of the Gulf of Mexico shelf and slope . 

Rowe 2t a? . (1974) compared the benthic biomass of the continental shelf 

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

Hedjpetn (1933) presented a general discussion of tie zoogeography 

of tie Gulf of Mexico, stating : "There is preliminary evidence that there 

are several communities {on the continental spelt], each characterized by 

a somewhat different assemblage of organisers, but their areal limits are 

yet to be deter-mined ." Hil3ebrand (194 ; 1955) delineated some o : these 

"communities" in his surveys of the brown and pink shrimp grounds o: the 

western Gulf . Felder (1973) provided a key and distributioaal notes to 

Reptant;a in the northwestern Gulf . These surveys were generally ccnduc-

tea in depths less than 50 m. Defenbauoh (1976) presented the only coa-

2rehJnsive survey of the continental shelf from SO to 150 m . Pequegnat 

et a? . (1976) surveyed the continental slope at depths Greater than 200 m 

and presented evidence that the outer continental shelf and upper slope 

share numerous species . 

Less work has been done en the macroinfaunal populations on the 

continental shelf of the western Gulf of Mexico . Most iaiaunal surveys 

of the continental shelf have dealt with a specific group of organisms 

rather than a broad-based study of all nacroinfauna . Molluscs have 

received the most attention . Parker (1960) surveyed the urine molluscs 

to depths of 100 m and included a few decapods and echinoderms in his 

report . Other surveys of the Texas continental shelf molluscan fame were 

conducted by :iulings (1955) and Kennedy (1959) . 

Polychaete distribution was studied by Hartman (1951) who presented 



means of identifying species assemblages and delineating the spatial 

or temporal distribution or each assemblage (yield and McFarlane, 1968 ; 

Stephenson and Williams, 1971 ; Eagle, 1975) . These methods have proved 

successful fn delineating geographical boundaries of benthic communities 

on the continental. shelf off north Carolina (Day 2t aZ ., 1971), Virginia 

(Boesch, 1973), and South Africa (Field, 1?71) . Performing both normal 

The smaller macrocruatacea ( .e,, ampnipods, ostracod ;, etc .) and the 

minor phyla such as Sipuncula and rchiuridea gave received little atten-

tion in previous oenthic community structure studies of tie Texas conti-

nental shelf . 

The delineation of tie structure and function of "communities" within 

the benches is addressed by many benthic invertebrate studies . Early 

wore on marine communities by Peterson and Thorson stressed recurrence 

of dominant species as the cri=eria for ider.ti`,~i .̂g town;=ins (Stephen-

son e: ~ ., 1970 . More recent work by Mc-Tntcsz ( I 1967), Pielou (1909), 

3oesc!: (1973), Holland ?t- --!, . (1973) and others used information theory 

to quantitatively assess the "species diversity" or marine o2nthic com-

munities . Following the "time-st-ability" hypothesis of Sanders (1958), 

it was theorized that environments which are stable over ions periods of 

time allow for finer-scaled niche diversification and therefore greater 

diversity (complexity) of the communi_y . The "diversity" of a collection 

is composed of two darts, species richness and evenness o: individuals 

among species . Collections which are structurally quite.dif`erant can 

have solar diversities . For this and other reasons, information theory 

"diversity" measures have received much criticism (Aurlbert, 1971 ; Clif-

ford and Stephensor., 1975) . 

Numerical analysis methods are currently being tested and used as a 



Sampling and laboratory methods were little changed from those of 

the first year . During the second year, sapling 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 

intauna . 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 
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(Q mode) and inverse (R erode) cluster analyses allows construction of a 

two-way coincidence table [see Xikkawa (1968) for good example] to faci-

litate identification of species assemblages which are characteristic o : 

the geographical zones . 

Hill (1970 reported benthic invertebrate work done by the 'USGS within 

the STOCS study area . He identified live geographical regions based on 

similarity of species composition . These regions were best correlated 

with said/mud ratios and depth, but he could rot uZS,3ZatZ species whizh 

were characteristic of any geographical zone . 

Our report of the first year's (1975) work concentrated or. spatial 

patterns in number of species, individuals, and diversity measures . 

Epiraunal abundance patterns were considered largely a unction of depth, 

whereas infaunal abundance was a `unction of sediment type as well as 

depth . This study is one element in a large-scale survey of biological, 

chemical and physical parameters or the northwest Gulf of Mexico . This 

report concerns the second year (1975) of the study . This study has 

expanded upon tie community structure investigation to include cluster 

analysis and correlations with sedentary, biological and physical data . 

METHODS 



i..ateiy 0 .025 m3 . Six replicate samples were taken at each station . 

Since awl specimens from every sample were archived, the extra sample 

taker_ during year I for archiving was omitted this year . a single sub-

sample was extracted from each of the six replicate samples _`or sediment 

?article size analysis . This sample was a core approximately 2 by 6 cam . 

Additional sediment samples were taken concurrently with the Smith-Mac-

Intyre sampler for analysis of hydrocarbons and trace metals by other 

investigators . 

of three screens (minimum mesh 0 .47 tea) to separate the sample into 

year I . Monthly sampling along Transect II was implemented during the 

present reporting period and the number of replicate infaunal samples was 

increased from tour to ;ix . Eight new sampling stations were added around 

two topographic features . Epifaural sampling increased spatially and 

temporally as did the infauna, buc the number of samples (one day, one 

sight) at each station remained the same . Two additional replicates at 

10 stations were taken randomly throughout the year . A major improvement 

.a ;ration location and maintaining position was implemented this year 

by using LORAC navigation . 

Macroinsauna was sampled with a Sm4th-Maclnt ;:re bottom sampler (Smith- 

tiaclatyre, 1954) . This device samples 0 .1 m2 surface area to a maximum 

depth of approximately 17 cm . The volume of sed;ment sampled is approx- 

Iataunal samples were placed in numbered plastic trays until washed 

through a 0 .5-mm mesh saran bag on board ship . All organisers and debris 

collected in the bag were placed in a plastic container (normally a 1-1 

jar), anesthetized with magnesia sulfate, and preserved with 10 percent 

seawater forrialin containing rose b2ngal to stain the organisms . Each 

sample was numbered and coded . 

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



otter trawl at all transect stations . The cod end of the trawl had 25-em 

stretched mesh . A change in the otter trawl was implemented between the 

winter and spring sampling periods . During tie first year of study and 

the winter of the second year, the cod end or 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!4 LONGHORN during trawling was 

the minimum, generally less than two knots, to maintain headway with pre-

vailirg seas . The invertebrates of each trawl sample were kept for this 

study element and the vertebrates were studied by Dr . D . E . Wohlschlag . 

second trawl was taken at Stations I, 2, and 3 on each transect for 

the hydrocarbon and trace metal analysis studies . 

?.11 invertebrates collected in each taxonomic trawl were preserved 

on board in 10 percent seawater formalin . Each sample was numbered, coded 
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three size fractions to facilitate separating the organisms from the debris . 

As the organisms were nicked from the debris with the aid of a dissecting 

microscope, they were separated .o taxa, usually family or genus, and 

preserved in 30 percent isopropyl alcohol . The sorted samples were taken 

by taxonomists, identified to species (or lowest possible taxon) and counted . 

X11 completed samples were archived, awaiting deposition in a reverence 

collect-ion or museum . Data for each sample were recorded by the taxono-

mist on computer code sheets and liven to the data management personnel 

for keypunching . The original data sheets mere returned and maintained 

on file . 

Epiiaunal samples were collected with a 35-ft (i0 .7-m) Texas box 



of a natural or organized community (Hairstcn, 1954) or is related to 

important ecological processes (McIntosh, 1967) . McIntosh (cc.--t .) stated 

that diversity has been said to relate to comaunity 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 inditios may rot 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 on a single number basis . However, by combining 

a diversity index (H") with a measure of equitability, showing species 
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and returned to the laboratory where the organisers were sorted and iden-

tified to the lowest possibly t3YOP . Samples were preserved in 50 per-

cent isopropyl 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 completed 

whereas others are being processed by the data management group . Basic-

ally .cur types of analysis yore applied to ail or portions of the benthic 

invertebrate data . 

Diversity 

Tie diversity of invertebrate communities at each station was exam- 

ined by calculation of a modified Shannon-Wiener diversity index (H") 

(?ielou, 1966), Eauitability (E) (Lloyd anal Gnelardi, 1964), and Hurlbert's 

Probability of Interspecific Encounter (P .I .E .) (Hurlbert, 1971) . 

Diversity is important in that it is commonly considered an attribute 



Small Scale Distribution 

Since the nature of marine benthic sampling habitats (depth and tur-

bidity of water and the burrowing and secretive nature of many of the 

populations) precludes observing the communities directly, several assump-

tions are often made cozcerni..l- marine bentzos distribution . First, the 

auLmoer of replicate samples taken is assured sufficient to adequately 

sample the community . Often little thought is liven to what portion of 

:he 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 technique 

described by Gaufin et all . (196) was applied to special sets of 12 rep-

licate samples from three stations on Transect 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 sane percentage of the 

"total" species at various stations would be obtained from similar repli-

cate numbers . Also inherent in many sampling programs and many analysis 

techniques is the assumption that populations within a community are sim-

ilarly distributed . Several recent authors, including Gage aid Gaekie 

(1973), Alley and Anderson (1968), {osier (19b8), Rosenberg (1974) and 

Jumars (1975), were interested in dispersion patterns of populations with-

in communities . In 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 
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richness and total abundance and providing P .I .E . values on the same data, 

a reasonable measure of comparison of diversity between co=un4..izs can be 

afforded . 



tests and plant ecologists, have shown great potential in many fields of 

ecology . They have the advantage of using all the species abundance infor-

oration available and are free of distributional assumptions . There are 

many possible methods for use with a given set of data, including correla- 
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of some authors) as used by Gage and Geekie (1973) and several methods for 

testing the significance of this coefficient (described by Gaffe and GeeKie) . 

Jumar's (1975) Dispersion Chi-Square analysis was also aDolied to the 

species data from the suites of 1' samples from Stations 1, 2 and 3, 

Transect II . This test is a somewhat more sophisticated test for species 

dispersal patterns than the Coefficient of Dispersion, but tests essen-

tially tae same thing . 

Multivariate- Analysis 

one of the opport-unicies afforded a research element in a research 

program such as the 3L.u-STCCS is that of seeking similar patterns or 

correlations with data from other study elements . Data from other research 

elements were examined, including bottom temperatures, bottom salinities, 

sediment particle size and fish distribution . A multi-correlationai anal-

ysis is being conducted using she benthic data (number of species and 

number of individuals per station, 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 most closely correla,Ged. 

with the dependent values, will be elicited . 

Cluster Analysis 

The methods of similarity analysis, developed primarily by taxono- 



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 Ylj is 0 and Y2j is any 

whole number, the resulting fraction is unity . Therefore, differences of 
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ton coefficients, information content measures, Euclidian distance and 

similarity (dissimilarity) coefficients . Comparisons of various methods 

or, a single set of data nave Melded some recommendations as to tie "best" 

methods for various types or data . Excellent reviews and discussions of 

the various methods are -4-ven by Anderber5 (19'3), Sneatn and Sokal (1973) 

and Clifford and Stzpnenson (1975) . 

The cluster analysis computations were done on an modal 470V/5 at 

the Texas a&M University Data Processing Center using the program CLASS 

developed o ;: Dr . Robert W . Smith of the Department of 3iology, University 

of Southern California . 

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

step is the computation of the dissimilarity between al. possible pairs 

o. collections or stations based on the species present . [The term sta-

tions used ;sere is synonymous with sites of Stepzenson at ¢? . (1970 and 

Operational Taxonomic Units (OTU's) of Sheath and Sokal (1973) .] The 

resulting coefficients were tabulated in matrix form with one coefficient 

for every pair of entities [o be classified . This measure of dissimilarity 

between pairs oz 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 : 

I 
l; - X2; 

j 1 Yl j + XZ j 



form of a dendrogr3m . This is a "tree" diagram in which the tips of the 

branches represent individual stations and the successive nodes indicate 

fusion oz individual stations or groups of stations into larger and lar-

ger clusters . Tie vertical distance between nodes represents the amount 

of dissimilarity or the relative difference between successive groupings . 
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0 and 100 aid of C and 1 carry the sage weight, which does not make for 

c,ood ecological interpretation . The solution to this is to replace the 

zero values in the matrix with a positive number smaller than any of the 

recorded values (Stephenson, 1972) . A good ruse of thumb is to replace 

the zero values with a number 1/5 of tae smallest value recorded (Stephen-

son a'~ .z-Z ., 1912) . 

The second step in the process is clustering of individual sites 

into groups which have the greates: inter-group affinities . The cluster-

ing strategies considered were "group average" [equivalent to the unweighted 

pair group teethed of Sheath and So u1 (1973)1 and "'flexible" (Lance end 

Williams, 195i) . Comparisons of various sorting strategies are given by 

Field and McFarlane (i9b8), and Prichard and Anderson (1971) . 

Group average sorting is a space conserving strategy which clusters 

only aeaklv and is little drone to =isclassificaticn (Stzphenson et, aZ ., 

19i2), Flexible sorting i's a space dilating strategy which results in 

sharper clusters than group average . This sorting strategy .s based on 

a generalized formula for hierarchical clustering methods given by Lance 

and Williams (196') . A good discussion of its properties are given in 

Sheath and Sokal (1913) who showed the results of using various values of 

3 . Flexible sorting, using the new conventional value of 3 = - .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 



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 2Z . (1970), Stephenson et all . (1972), Field (1971), and 

Day 2t a: . (1971) . In the epifauna, those species collected less than 

three times in the three seasonal samples :sere eliminated frog analysis . 

This reduced the number of species by 34 percent, but reduced the number 

of individuals by only .04 percent . Many more infauna2 than epifaunal 

taxa were taken in each season but many of the in=aunal taxa were taken 

in low abundance . Data reduction in the infaunal analysis was more severe . 
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The analyses described thus far were used to classify s:ations in 

terms of species composition to produce "station groups" . It is also 

desirable to classify the species in terms of the scatons at which the=: 

occur . The former is called a "normal analysis," the latter an "inverse 

analysis" (Field and McFarlane, 1968) . These are referred to as "Q" and 

"R" analysis, respectively, in some literature . Tie procedure 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 original data in a two-way coinci- 

dente table in which the stations and species are rearranged to cone-m to 

the sequence generated by the normal and inverse analysis . In such a 

table it i ; readily apparent which species-groups characterize which 

station-groups . The two-way table is often helpful in deciding whether 

or not to subdivide i11-defined clusters in the dendrogram . Careful esam-

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 



of the extent to which a species (or species-group) is related to z parti-

cular station-group . Stephenson a¢4' . (1970) wad Ste?herson (1972) give 

good discussions of these concepts . Briefly, a species :gas very high 

constancy if found at all stations within a station-,group, although it 

need not be restricted to only one station-group . A species is highly 

faithful (high fidelity) if it occurs in only one station-group, although 

it need not occur at every station within that station-group . Generally, 

those species which are highly faithful to a station- ;roup are those which 

have narrow habitat requirements or low tolerance to certain environmental 

parameters . These highly faithful species can often be used as indicators 

of particular environmental conditions . Constancy is strongly influenced 

by relative abundance of individual species . These species which nave 

relatively high abundance are amore likely to be captured at many stations 

(and have high constancy) than are those species with relatively low 

abundance . The concepts of constancy and fidelity are useful in inter-

preting tie results of cluster analysis . 
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teach seasonal ini3'1Za1 analysis utilized approximately 40 percent of the 

--axa and 95 to 9? percent of the individuals . 

For normal analysis, the data were used with no cransformacions 

since the Canberra-Mecric coefficient is not sensitive [o dominance an~ 

no distributional assumptions are made . 

For the classification of species groups, it was amore important to 

consider the relative differences of each species at each station rather 

than the magr.itude of tae dif zrezces between Species . To accomplish 

this, the species abundance data were s=anda :dizedi S.J norms "(n) z (Nov-

:heir, 1973) prior to inverse classification . 

The measure of constancy and fidelity of species are food measures 



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 (65-134 m) . Subdivisions within these groups formed four 

station-groups based on depth : Group A --composed of shallow-intermediate 

depth stations ; 3--shallow stations ; D--deep stations ; and F--deep-inter- 

9-16 

RESULTS 

Epif2una 

?. total of '40 epi`aunal tata were idancified from the 19%6 trawl 

collections . Composit :.on of the epiiauna by major tasonomc o:oups was : 

Coelenterata - 4 percent ; Molluscs - 20 percent ; Crustacea - 66 percent ; 

cycnr..̂. crswi,,_s and, Echinodermata - 6 percent . _Trac,,:ypenaeus 3~1_1~1 _,S ., S-' 

(rock shrimp), Ca~~rec~es s:^Zis (Gulf crab), and ?2rca2ua .z-l2cus (grown 

shrimp) were the our most abundant species . a list of species and 

abundance for each traN' are given in Table 2, Appendix G . A number of 

new records and probable new species :rpm the northwestern Gulf nave 

resulted prom more detailed taxonomic determinations . These findings 

are in :e:estiag from a systematic and zoogecgraphic viewpoint and will 

undoubtedly contribute to understanding the ecology of the area . a 

revised list of bentnic invertebrates frog the STOCS is presented in 

Table 1, appendix G . 

Cluster Analysis 

Classification analysis of epifaunal seasonal data included 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 fn both types of cluster analysis . 

To avoid redundancy, only the combined seasonal data are presented here . 

Normal analysis of the epifaunal data (Figure 1) trouped stations 
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two-way constancy table (Figure 4) . The relationships of species-groups 

to station-groups are clearly apparent . Collections from shallow stations 

(group 3) had nigh constancy of species in species-stoups 2, 3, and 4 . 

Species in group 2 were more characteristic of Stations 4/I, 1 ;I and I/II 

(group 3) than or" other shallow stations, but group 4 species were highly 

constant in all shallow collections . The two-way constancy table allows 

resolution of the problem of why station-group C did rot fit a dept; 

pattern . The paucity of the collections from stations in group C did not 

provide enough information to group these stations with others . Many 

shallow stations, collected during the fall season were in group C, imply-

ing some seasonal change in the shallow-shelf fauna . Shallow-intermediate 

depth stations (group n) were characterized by large numbers and very high 

constancy or most species in group 3, which includes the top four numeri-

cally dominant species Traeryper�aeus ,;irr:?ia, Sicyon--'a aorsaZia, Ca :?i-

neet-2s srrtiZis and P2naeus azteezcs . Most of the group 3 species were 

collected at stations in all depths but were rare in deep collections (D) . 
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mediate stations . An exception to this pattern was group C, which contained 

pail and spring data from stations with a wide range of depths . A map 

of the study area (Figure 2) ;yews stations which were clustered is tae 

same station-group in at least two oz the three seasons . Station liTII 

did not fit into a combined seasonal station-group because Station 1/III 

(winter) grouped with shallow stations (B), Station 1/IIi (Tall) grouped 

with the shallow-intermediate stations (A), and in tie spring, Station 

1/III grouped with the other depaupa :ate stations (C) since it had on.',.,, 

one species . In :act, ail stations less than 33-m deep showed less 

L1G21'_tv to d station-group than did deeper stations . 

Species-groups formed by inverse analysis (Figure 3) are shown in a 
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Figure 3 . Species Dendro ;ram troy inverse analysis of Seasonal Epi-
faunal Data . Numbers Refer to Species-Groups . 
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Seasonal Lpifaunul Data . 



(Figures 7 and 8) reaffirms the depth zonation seen in seasonal analysis 

and show strong seasonal variation in shallow-inter-.ned4 ate Stations I/II, 

/II and Z/II . Station-groups D and c, containing these 22-49 m stations, 

are well separated from the deeper stations . Group D contains most of 

tae July through December collections while group E contains November 

through spring . All collections from Station 3/IZ clustered together 
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?2naeus az%2 Mus was the only species collected regularly throughout the 

study area . Species nest abundant and constantly found in each depth 

zone are listed in Table i . 'Most- shallow shelf species had their wider[ 

distribution in winter, were most abundant is winter or sprig; and were 

very reduced in distribution and abundance in the study area in rail . 

Examples of this distribution are _ zraeus ae~I:;`2mcs (white shrimp) and 

(sea pansy) (r^4 gures 5 and 6) . 

Shallow-iacermediate zone special were generally most numerous in 

spring and L?'113 :?1g :1 abundance 1R both the shallow-intermediate and shal-

low zones contributed t0 seasonal variation 1Z inner-shelf station pat-

terns . Iaterwe4iate-depth and deep-shelf species number ; and distribu-

tion ;.ere relatively constant through the seasons . Many deep-shelf 

species were collected in low numbers and were not highly constant to 

the deep station-group . 

There was a minor division oz Transect IC winter and `a11 collections 

from other inter-mediate-deep stations (E?) due to a small group of species 

taken only at 'these southern stations . Se-diment composition at Stations 

6/IV and 3/IV in winter and fall samples was 50 percent or more sand as 

compared to generally less than 10 percent sand at the other outer steel 

stations . There seemed to be an influence of latitude and bottom type 

contributing to the differences found at the southern-most stations . 

Results of cluster analysis of monthly collections on Transect II 



Shallow- 
Intermediate Stomatooods 

ZO SquiZ Z~a crydaea 22-134 
7 Sau:a errc~~,csa 10-98 

Yatantia ~ r 
q per.4eus azt2c-as 10-131 m 
2 Sicycr:ia acrsaZis 10-98 
5 EoZ2rocera v:csca34-134 
1 Trachucera2us 3:.n~ :is 10-98 

Reptantia 
3 CaZZinact2s srri?is 20-98 

Echinoderms 
11 Astropectar. r:;cpZticatlua IO-131 

Deep- 
Intermediate Molluscs 

16 PoZyat2''a aZCZd2 47-130 
24 Ancct'ara ro :cc s 63-131 (+2 a t 10 m) 
S Amccs:= ̂ a:,vz-zceus 27-131 

23 ?titar cordatua 34-131 
Stomatepods 

10 ScuzZa c:zu3aaa 22-134 
Natantia 

30 ?~~er.aeus 40-134 
Zarg giros :r.s 

4 Por,.cieus aaacus 10-131 
20 Sicuor�;a ~~>ros~~~ 10-93 
6 SOZ2rACera voSCa, 3!+-134 

7-L> 

TABLE 1 

SPECIES COST ~.BG`.Dnti"I' .4:+D CONSTANT AT COfitBiVED-SEASONAL STATIONS 
FOR EPi:?.UVA:, CLUSTER AN;iYSI 

Depth Zone Abundance Species Range of 
Rank Distribution (m)a 

Shallow Coelenterates 
9 For. i, : a r,-u'41'2_^ti 10-40 (+1 a t 9 8 ca) 

Molluscs 
25 Cr-'.)Ztr; ::~T':l3 _-^Y;C211C.2"2a 10-22 

Stomatopods 
7 "' 11-93 

Yatant4a 
Fe-raeuJ =t-eCuJ 10-131 

12 ?2naeus acr.̂.~.~rr, 10-27 

1 ~~c~i:a~srceuse 10-98 
14 10-34 

Reptantia 
45r.'e;,a:us er;~e : :=:cus 10-25 
44 ?erse~^c~~ new:-. ~^~~sc 10-18 
3 Ca Z :rec~as si,^;ti �~3 10-98 

13 ?or:zrr!us :icbesi, 10-27 



aDepth of water column . 
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TABLE 1 . CONT .'D 

Depth Zone Abundance Species Range of 
Rank Distribution (m)a 

Deep- Re?tar.tia 
Intermediate 26 .?crinoides 47-134 

4.ou:s:ar:er.ss 
8 Port-urus 3:. ~r ~c.~rJus 27-134 

Echinoderms 
11 Astroract2r. c;,c~"'icatua 10-131 
19 As'-cracer, ci^ccl .;,t-us 49-134 
21T2:i:?ca :ar ves: .:us 40-134 

Deep :iatantia 
6 Sollzrocera voscai 34-134 

Reotartis 
38 Pa-CU.-.is ::uZ~s91-13Y 
55 ~t;zuSa riCrCrri:tr.a"srra 91-134 
37 Acar;i;occ--nus 2%exar.,-1--- 98-134 
54 ~rcpsa c,,,crquespnosa b5-134 
15 .irasrua 7,at?cs 25-13=~ 
49 CoZZodea ;e�;ocr:v :;es 82-I31 
8 ?ortur!ua s~~-n�;~;,~rr:~s 27-134 

Echinoderms 
18 3r:sscrszs a?ta 65-131 

Transect IV Molluscs 
76 Fusirus Moue: 65 

Reptantia 
77 IZiccant-hcz Zicc'ac.yZus 65 
40 Par:herope serrata 15-65 

Echinoderms 
53 Luidil.Z .-.t Zverra:iu 27-V 5 
42 CZypeaatar rwvare: : 65-91 
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Spatial relationships of number of species, number of individuals, 

H", and equitaoility at each station are shown in Figures 10 through 12 . 

Number of species was ;generally greater in the ewer shelf area (55-134 ca) 

than in to inner shelf (10-49 m), but number cE individuals was much 

greater in the inner shelf . One striking exception was the large number 

of individuals in the outer shelf area of Transacts :II and IV in the 

all . The large number of individuals at Station 6/IV were mainly o : 

one species (.^vz~:~ .~rt Ja=,urac2us, paper scallop), but other stations had 

an unusually large number o: individuals from several species . cquita-

bilit ;; and diversity mere generally hither in the outer shelf in all 

seasons and on all transacts . 

All parameters in the monthly samples (Figure 13) followed the same 

spatial pattern as seen in the seasonal samples ; that is, generally 

higher numbers or 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 generally 

higher in winter through July than in august through November at both 
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in group C, implying a temporally stable epifauna . The two-may constancy 

:able (Figure 9) sows that many species-groups are moderately to hi,ghly 

constant at Stations 3/II and 6/11 (zroup B) . The la rgest numbers of 

species were collected at these stations . 3roup a is composed of stations 

with sparse collections and contains some m-onthly collections from all 

stations except 3/il . 

Species characte :stic OX the depth zones or. Transect II are much 

the same as those listed for the seasonal analysis with. "he exception 

of (pink shrimp') which was not.- collected J[7 :'I3iiS2CC Ti . 
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Cluster Analysis 

The la m e number of iafaunal taxa gore, and remain, difficult to 

analyze but the use of cluster analysis enabled definition of broad 

outlines in this pass of data . Due to the volume of data, cluster anal-

ysis of the combined seasonal data was impossible at the time or this 

report . Therefore, only separate seasonal analyses are presented . 

vocal analysis of izfaunal data nor each season resulted in three 

clusters of stations (Figures 14, 15 and lo) which were amazingly similar 

temporally . These clusters divide the study area into shallow, said-depth 

and deep station zones . In winter, the shallow zone included Stations 

1/I and Z/II (Figure 17) which were classified in the said-depth zone dur-

ing other seasons . Station 2/IV clustered with deep stations in winter 

and in spring (Figure 18), but grouped with the mid-depth stations in 

tall (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 . 

inner and outer shelf stations . 

Inrauna 

Many more species were coiiected is gray samples than in trawl col- 

lections . A total of 19,949 individuals representing 715 inraunal taxa 

were identified and are listed with abundance per sample in Table 3, 

Appendix G . The polychaete, VaceZor.a pNy :!Ii sae , was the numerically 

dominant organism in all seasons ; :our of the five most abundant species 

in each season were pol.~chaetes . The amp::iped 2,z.^,Jsiz was 

in the top five most abundant species in winter, and ~^ra_ uas 

the second mcst abundant in spring . 
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tary de?osit-feeding polychaetes, such as Magaora rryZ ::sae and _wr:~r:o-

r4sptio r:?:r.ata, to the acti-iely burrowing detritous feeders, such as 

'Ted:om^s :c5 ca?2f~on'22erstis and ?araor,s gr¢eti? ~~ . Some of the sedentary 

fortes such as Ower,ik nay be partially or wholly suspension 

feeders . Sedentary deposit-feeding polychaetes generally dominated the 

shallowest stations, percentages converged at mid-depths, and active 

burrowers mere dominant at deeper stations . 

Station-groups formed from cluster analyses were compared with sedi-

went data . Sediments at shallow stations were muddy-sand and at deed 

stations were silt-r-c1av . Sid-ueDth station sediments reareser.[ed a 

transition zone that ranged rom sand-,--mud to silty-c,av . Sed'_:nent compo-

sition or Stations 2/IV, 3/IV and O'/IV -Here variable between seasons, 

ranking from mucdv-sand through ;iity-clay, implying an extremely hetzro-

gerous substrate in "hat area . 

Species typical of the ;=ation-groups are presented in Table 2 . 

Many in=au::a_ tzxa care collected at sandy stations which included Stations 

1iI, /IT I, ~/IV and 1/IV in a1' seasons and Stations 6/17 and VIV in 

most seasons . °o1yc ;:aetas dominated r;12 sandy assemblage . `did-death 

collections did no[ contain any species unique to that area but shred 

species Kith sha11ca stations, and, of course, contained the ubiquitous 

species . Species found only in deep-avatar collections :.ere dominated 

by small crustaceans (ostracod; and amphipods) and molluscs . Only two 

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

majority of ubiquitous species at deep stations (as veil as elsewhere) 

were polychaetas . 

Comparisons were made at each station of the percentage o-F seder.- 



Species 

Shallow to mid-depLh stations 
(10-49 m and 6/IV, 3i IV) 

Polychaetes 
Sticer:e"a:s ,oa 
Nereid (:,':corc) sp . A 
bsocatra currea 
I IL . 
.Lj&erxr--ner,,s te-nu-L,3 

11 ere--~s ragra , -'z""or 

Station-Group 

Sandy Sediments 

Shallow (10-27 m) 

Shallow and score o f the 
deeper Transect IV stations 

Stations 5/IV, 3/IV only 

4-4j 

'TABLE 2 

SPECKS ?'YPIC?~L Or SEASONAL I:v~' .-1t":i:~I. 
GL(STR ktiALISIS STATION-GRCLP 

Coelenterates 
Zoantharian sp . y 

Molluscs 

Zucina 

POiyCCd°_C°_S 
. � 

Aaplipcds
~~GivJ'~rQ S7 . J 

Molluscs 
Luc:r~z zr,-~zr ~us 

Polychaetes 
Q G2l.2"/:O ~.1.3 B :' .e_rOSB'!"Q 

Ap0r:''orCSr20 yy w'2~z 
~:Cnosco 3:^:s ::a7.z 

CUmdCE3IIS 
-x?:crosty'ia sp . A 

rlmo'r.ipods 
eJ1RC2 .:aC2 CI . .^..:' :.u-:2GT 

Molluscs 
Cr :s~ :tea L ~ -=^tir, w1cers-,s 

Polychaetes 
OnuJ is :s s p . 3 

Ostracods 
Ostracod sD . GG 

-Amphipods 
Cerarus 



Species 

Molluscs 
S:.'".( -vC r :l3 so . A 

SO 2?2,' ̂  S p . 
Pelecypcd so . A 

Polychaates 

OstraCOds 
Ostracod so . D 
Ostracod so . AA 
Y:.Cm8d23 so . 

Sa_rS -,a : a so . B 
.Amphipods 
3ybZs cL . g~~r."(=d:: 
=r~~~ ;sa :rcti~a 
.:e ve rJJ;c wKJ Ci ~ VcvSJ'w u S 

Deep stations (05-134 m) 

1:biquitous Mollusc s 

?s~ iwr ccr~ua 
Polychaetes 
S:cc~^rtlbra tantaczcZcta 
PJ2Lr.2vfu' LYIC:Sa 
LU.filb2":r.2ria r2m_=°C::~ ., 
m :nusJ+o cry,-"ar^ 

;raassu..ra de .i . 

Parwcn .a grac Z ,s 
VBdZG1'!aS~C3 ~C7ZfoT')::e??u'23 

Amphipods 
fL'TCeGZBCQ Gy2SSZ.'.i 

Station-Group 

Shallow to mid-depth stations 
(10-49 m and 5/IV, 3/7V) cont .'d 

TABLE 2 . CONT . ' D 

Ma~2'~! Cr.~it~ .~ . ;,~z2 

.4~,C~Ga w as J~ 

17o -; am as-,us cf . 
Amphipods 
A=;e : :3ca :a 

JiJv~2viA 



for the monthly iaiaunal 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 or the other transects . Number or species 

was generally higher at the mid-depth stations in winter through spring 

and higher at the deeper stations in July through December . Equitability 

and diversity generally increased with depth . The change in number of 

9-45 

Diversitv 

Spatial variation in number of species, number of individuals, 

equitabilitv and diversity ( ;figures 20-2'_) showed similar patterns in all 

seasons . Or. Transects I, III and IV, the greatest number of species was 

taken at the shallow stations (4 and 1) and at deeper stations (5 and 3) . 

On Transect TI, however, number of species was relatively consistent at 

all depths . Total number o= individuals was much higher at the shallowest 

stations (Sta=ion 4, Transects I, III and IC) than ac deeper stations . 

The lower number of individuals at tae shallowest station on Transect II 

was consistent with other trarsect ; since Station I/Il was 7-m deeper 

than the shallowest stations on the other t:ansect; . .here was a secon-

dary peak in number of individuals at Stations 6 and 3, Transact 17, in 

winter and tail . 

Infaunal equi_ability values showed a general increase with dep :h, 

on all transects, reflecting the relatively even distribution of indivi-

duals amonc species at the deep stations . High equitability at deep 

stations, combined with high numbers of species at inshore stations, 

produced a pattern of relatively even diversity over the study area . 

Transect IV averaged slightly higher diversity flan the o'th2rs . 

:umber of species, individuals, equitability and diversity were plotted 
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and 3, 7ransect II, during the winter of 1.976 mere analyzed using a tech-

nique (P h) presented by Gaufin e : a . (1956) . The portion of the community 

(percent of species) sampled at different stations wit ; various sample 

replication was the information sought . Results indicated that one sample 

would arovide less than 30 cercent of the species at and inshore or mid-

depth station and less than 20 percent of the species at deep stations 

(ri,-ure 24) . A second data analysis, omitting those species round in 

only one of 12 samples (operationally defined as rare species), indicated 

that a single sample could collect approximately !+5 percent of the non-

rare species at Station 1, 38 percent o_ ror.-rare species at Station 2 

and 28 percent of -ion-rare species at Station 3, Transect II ( :'=gore ?S) . 

Percentage of species composition sampled by lour cad six replicates are 

liven for both rare and nor.-rare species is Figures 24-25 as these sere 

the levels of sampling effort for this study in ;ear 1 (1975) and gear II 

y-Du 

species and individuals at .he deeper stations r-41-ht reflect seasonal 

variation in the iafaural samples or. T.ransect 1TL . This apparent seasonal 

C`1Ci2 was somewhat disrupted by the increase ± :: number of species 3:1d 

1:1d1'".''1C'13lS in December, which did not CQTi°_57GRCi w211 with the OW num-

ber O: Species the previous winter (Februarv) . 

Micrcnaoitat Distribution 

'While some analycicai techniques used with the data primarily asce:-

tan the structure of ben:hic co-a-anu;,ities en a =e-mporal or broad spatial 

scale, other tt'C^iliqll25 were used to assess t:12 small-scale (Within-

station) Distribution aattarns of oentnic populations . Knowledge of 

these distribution Datte:rs is necessary to ascertain the effectiveness 

of the present sampling regime . 

Data from three suites of 12 replicate samples from Stations 1, 2 
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S'-The sane analysis (~ ) was applied to the normal suites (6 replicates) 

frog all stations on Transect II frog the March and April collections and 

on data from all samples from the winter (2976) 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 greater numbers 

of species aggregating at the nearsnore stations . Offshore stations in 

general showed lower percentages of the species comprising the community 

having clumped distributions . Several stations (S/IV, 2/IV and 3/II) 

were without species showing clumped distribution patterns . 

9-53 

(i97b), respec tively . 

Date from the three suites of 12 replicate samples tiara analyzed 

for dispersion patterns of benthic communities at each station and to 

assess the distribution pattern of certain invertebrate species . An 

S2 
index or dispersion ; .{ ) was calculated for each included species from 

each suite of replicates . Inclusion was on a criterion similar to that 

set north by Gage and Geekie (1973) . All species occurring at each sta-

tion in excess of one singleton mere included in the analysis . The log 

of the variance (log S2) was ploned against the 10 ; of .he mean number 

of individuals (lei R) to indicate dispersion patterns of in :aunal inver-

tebrates 2C each of the three stations (Figure 25) . index of dis?ersion 

values for each included species were checked for significance or depar-

ture from tie expected (Poisson) distribution . The percentage of included 

species shcuing significant departure from the Poisson distribution is 

given below : 

Station 1/II Station 2/II Station 3/II 

34 .5 46 .5 24 .0 
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Station 4 1 5 2 6 3 

26 .3 31 .3 0 0 17 .9 19 .0 IV 

Transect 

T 

II 

III 
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TABLE 3 

?ERCEN. AGE OF SPECIES I:vCL?:DED Iv DISPEERSION' ANALYSIS 
'~~iIC :? SHOWED SIGNIFICANT. TENDENCY TOw AR-D kGGP.=GATIO~i 

AT EACH STA--ION DURING WINTER COLLECTIONS . 
STATIONS AR.: AF-RANGED IN ORDER OF INCREASING DEPTH 

Station 4 1 2 5 6 3 

35 .0 28 .4 29 .5 22 .2 1-7 .4 10 .0 

Station 1 4 2 5 6 3 

33 .3 15 .0 13 .0 12 .E 25 .0 0 

Station 4 1 5 2 3 6 

32 .4 3 .7 6 .3 13 .2 6 .7 14 .3 



(SB 3 and HR 1) had decidedly different oenthic invertebrate communities 

when compared to the other six stations . These two stations (Group A) 

were characterized by large numbers of species and individuals (Tables 

4, 5 and 7) averaging three to five ties 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 polychaete, S~h,QerosuZZi3 cf . suoZaevtis . Several other polychaetes, 

y-fib 

A final analysis technique, dispersion Chi-Square (Jumar ;, 1975), 

was applied to data from the t-nree sui-'es o_° 12 samples taken on T:ansect 

II during the winter cruises . Results corroborated those oreviousiv 

found wits the index of dispersion . 

Topographic Features Stations 

Macro=ntaunal data from four stations around Hospital Rock (HR) 

and lour stations around Southern Sank (SB) are presented in Table 4, 

Apperd ::t G . Numbers of species and ,adiv'_cuas, diversity, ? .! .-- . and 

eCUitability values varied bcth temporally and spatially (Tables , and 

5) . Differences in community structure parameters among the your sta-

tions around each bank station were accompanied by changes :n dominant 

species . Demiranca at each station was ana'vzed by ranking species in 

each collection and assigning a value to each rank (10 points for the 

first ranking species, nine points for tie second, etc .) and simsaing 

these values over the number of collections at each station . The 

species waving the largest summed values were considered dominants 

(Table 6) . 

The eight stations divided into two major groupings. Two stations 



Station 3 

Winter 
March 
April 124 817 5 .1079 .9350 .4194 
Spring 189 1+43 5 .9412 .9671 .4974 
July 
august 161 1309 5 .4235 .9452 .4037 
Fall 
November 
December 158 1494 5 .1571 .9241 .3416 

X 158 1315 .75 5 .4074 .9431 .4153 
S 20 .62 333 .69 0 .3819 .0182 .0641 
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TABLE. 

`+'L:'=QS OF SPECIES A .D 7 NDI'~i _DL:S ~.'D DIVERSITY (c~:� ) , 
P .I .L . AND cQTIII'ABI'.ZTY (T) V_ki .T-7. S FOR STATION'S AROUND SOli':RE~.V B?'a 

Species Ind . H" P . I . :. . E 

Station 1 

Winter 43 131 4 .3092 .9548 1 .000 
?March 40 183 3 .4806 .7584 .4250 
April 
Spring 
July 73 334 5 .07/54 .94819 .695 
august 
Fall 64 151 5 .5175 .9755 1 .000 
`iovember 46 92 5 .0613 .9670 1.000 
December 

X 53 .20 17/8 .20 4 .1888 .9211 .827 
S 14 .8 93 .13 0 .7745 .0915 .2588 

Station 2 

winter 25 59 3 .9575 .9117 .9600 
March 
April 31 75 4 .2379 .9182 .9355 
Spring 
July 39 105 4 .0486 .9489 .9744 
august 
Fall 30 148 4 .8441 .942 .8800 
November 43 120 4 .9492 .9648 1 .000 
December 

X 37 .60 101.40 4 .5295 .9003 .9500 
S 9 .84 35 .44 0 .4134 .0430 .0456 



4 

7-JV 

T_A.BLE t . CCNT . `D 

Stat ion 4 Species Ind . H" P . I ~T L 

Winter 

~Sarch 49 1l6 5 .1760 .9712 1 .000 
April 
Sor4ng 56 130 x .1659 .9641 .9821 
July 
august 52 130 3 .1619 .9605 1 .000 
Fail 
November 
December 5l 94 5 .287 .975 1 .000 

X 52 117 .50 5 .1930 .9593 .99>3 
S 2 .94 17 .00 0 .0600 .003l .0089 



Station 

Winter 23 51 + .0233 .9333 1 .000 
March 29 97 4 .312 . 9413 LOGO 
April 
Spring 
July 47 170 4 .6833 .9469 .8298 
August 
Fall 50 215 4 .4185 .8942 .5400 
November 43 115 4 .8680 .9502 1 .000 
December 

Y 38 .=+ 129 .60 4 .4521 .933 .3940 
S 11 .78 63 .99 0 .329 .0250 .1600 

Station 3 

Winter 
March 
April 42 73 4 .9874 .9692 1 .000 
Spring 50 124 5 .0260 .9543 1 .000 
July 
:august 66 307 5 .2229 .9624 .3636 
Fall 
November 
December 45 117 4 .975 .9607 1 .000 

X 50 .75 153 .25 5 .030 .9629 .969 
S 10 .69 103 .65 0 .113 .0044 .0682 
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TAKE 

NiLYB-RS OF SPECIES AND ?VDIVID(:AIS AND DIVERSITY (H"), 
P .I .Q . AND ?QliII33ILITY (r) VALUES =0R STATIONS ??CC'N"D HCSP :TAL ROCS 

Species Ind . H" P .I .-
SC3C10R 

Winter 117 884 4 .6914 .9011 .3333 
March 180 1404 5 .398 ,9389 .3336 
April 
Spring 
July 159 1222 5 .7534 .9551 .5157 
August 
call 172 139 5 .4025 .9437 .389 
November 167 1273 3 .7400 .9620 .4910 
December 

Y 139 1264 .4 5 .4103 .9402 .4170 
S 24 .69 245 .70 0 .4330 .0237 .081 



Ind . H" P .I .E . E 

Station =+ 

Winter 
March 
April 
Sp :ing 
July 
au;ust 
Fall 
`7ol;e^ber 
December 

84 4,5739 
296 4 .3245 

132 5 .1216 

147 ~ 5 .1905 

164 .75 4 .9291 
91 .53 0 .2851 

39 
64 

53 

JO 

53 
10 .2 

.9375 .9231 

.9374 .6719 

.9644 1 .000 

.9b3^ 1 .000 

.930o .8938 

.0132 .1555 
Y 
S 

soecies 

y-ou 

TA3L :. 5 . COtiT . ' D 



*Number of collections times 10 . 
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TABLE 5 

DOMINANCE INDEX X03 THE TOP FIVE I'.+rA ;VAL S°ECIE-S 
IV ~OSPiHOSPITAL ROCK AND SCU":, -iER-N BANK `LaCROiNIIERTZ3~AT°CC`^!L'\ i:iES 

S3 1 (30 u2s)* S3 2 (50 wax 

i.2~~HJJ/:Vw S Lr . icuiait.EJ (,11-) vvsJ .L»w ~feria 

G-r:a:it:a sp . (29) `iemertinea (26) 
:+emertinaa (23) ~~c=ora :an- wjua"'a (21) 
.;o .-St~-- w2 '~~= ., .. (23) ?ar¢; r:or~os~:~ :~nrc~a (19) 
Sipuncula (Z1) Ccr~u,7a c.r. :racta (18) 

S3 3 (4Q max) SB a (10 wax) 

zero .- :.,,, ~:3 CZ . 3:4~wG°J:3 ( .~r9) VOSSZi2'w .̂2~ :C 
?zacrc :us %Iat2ros»a (30) 'ieWertinea ('b) 
Sipuncula (28) 72' .̂ :ac;c :a :a (20) 
Nesertinea (23) _-, :kr nor-_.. ;:uS (18) 

cor,-:-us (?3) sp . a (15) 

HR 1 (50 max) HR 2 (30 max) 

Sp;iaeres',i?? i .: cf . su^ : ;2v:s (',9) Vemertinea (35) 
Sipuncula (42) .Vcty^s : ;;n.a (33) 
Vemertiaea (39) ? :=» corc=us (33) 
?z2-~.c :us ;~2-:zroseta (32) Cossvra de :a (3Z) 
,aortic errata (i6) :.^_»a--rs sp . A (31) 

HR 3 (10 ma:t) HR 4 (=~0 maY) 

.j'L330ra c,-o.ce1.Za .a (34) ,,!ace lora :c>:~co:»:s (36) 
:Iep%tys rc:sa (2i) ~sso;na c.ance?a :~:. (3i) 
Nemzrtinea (24) Sipuncula (2b) 
A:.ra a2q:ca?:s (I5) ?'h~~.sira sp . (17) 
!~ag2 :ora Lor,5-:cornis (12) Cosszry CeL:a (i5) 



HR = Hospital Rock 
SB = Southern Bank 

TABLE i 

N,EAVS 0 : CO;r!L'LNITY ST:c~CL"RE ?AR~_'ETERS 
FROM THE EIGHT .C?CG3.pHIC FEATL .P :.S STATIONS 

~R.RA.VGED ACCORDING TO PROPOSED STATIC:i GRO(;?INGS . 

SPECIES IvTJ . H" P . Z . E . G S ILLIDS SP IGV Ii7S 

S3 3 15t3 1313 .75 5 .407+ 0 .°~+31 0 .413 11 .0 10 .75 
~~ ;?k 1 159 1'11-64 .4 5 . 4103 0 .9402 0 .4170 12 .6 10 .60 

S3 2 37 .0 101 .4 =~ .5295 0 .9403 0 .9500 0 .0 
31 S3 4 52 .0 117 .> > .1930 0 .9693 0 .995 0 .0 3 .0 

~? R 2 38 .4 129 .00 4 .4621 0 .9353 0 .8940 0 .4 2 .0 

SB 1 53 .20 178 .20 4 .7383 4 .9211 0 .8247 0 .8 3 .8 
31) ~iR 3 50 .73 15 .25 5 .0530 0 .9629 0 .969 0 .25 3 .73 

HR 4 53 .60 164 .75 4 .9291 0 .9506 0,89813 0 .5 2 .25 



and individuals than Group-A stations . Basically these stations were 

characterized 5y species considered to be ubiquitous to the STOCS area . 

However, differences in dominant species indicated a separation of 

Group-B into Groups B1 and B2 . Group 31 included Stations SB 2, SB 4 

and HR 2 . Group B1 was characterized by a loose pattern oz dominance 

in that different species were dominant with each collection . The mal"or-

ity of the dominant species were found in the ubiquitous grou? of the 

STOCS study (Table 2) . Dominant species at sae B1 stations included 

the POlyChaet2S C08.-:4'^'..z de^eL.G'., S:Ca7'1G2''a :2Y! :' ..2QZCvQ:a ~ Da-"'.:'-I T'%JX%0JUZO 

:rncta, Rw¢on% sp . A and Alaee?ora Zcraieor+:,v and the' molluscs Pitar 

corda:ua and Cor~uZa ^ortracta (Table 7) . vemertinea and Sipuncula 

were also found among the dominants of Group 31 . Group B2, including 

Stations SB 1, HR 3 and HR 4, shared many of the ubiquitous species with 

Group B1 but had decidedly different dominant species . Station SB 1 

was characterized by having large populations of the amphipod He :2ro^;~.c=s 

cf . ccu :atus and to a lesser extent, the isopod Jn,ati;a sp . 'While these 

two species :sere found sporadically in wall numbers at other stations 

in the Topographic Features Study, trey never reached the dominance 
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including 'a2.ar!o :ua icetsroseta and -'acrice ~r^_~~a, were highly charac-

teristic of Group-A stations . Community structure at these stations had 

much less variability in the dominance pattern than at Group-3 station; . 

Only two species (--- . cf . szZ- Zae-.,,is aad .-f'-;a-- occupied the top 

ranking position at S3 3, ;aith the former being the numerical dominant 

in three of tour collections . Essentially the same dominance pattern 

was observed at HR 1 with S . ef . Sc2 :-z?v-ia numerically dominant in four 

of five collections and the tasa Sipuncula the too numerical dominant 

in the November collection . 

Group-3 stations were characterized by having gar fewer species 



factors . Temperature and salinity control the range of benthic species, 

but within that range, more subtle factors determine fatnal distribution . 

Depth was the most apparent factor controlling epifaunal distribution in 

this study . Defenbau3h (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 oz station-groups eased on depth, or sore 

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 stations, . had large numbers of individuals and low equ :tability 

and species diversity . Many or" tie species had their widest distribution 

level apparent at SB 1 . Stations HR 3 and HR 4 had several molluscan 

species that were characteristic of the two stations . The gas_ropod 

.._3S0'; 7'4 C=^ti 2-a-;u was a predominant species at these two stations 

but was found only sporadically at other Topographic Features stations . 

The pzlecypods ~~_-ra aecuaa and r-,yasira sa . showed limited dominance 

at HQ 3 and HR 4, respect=vely . Other dominent organisms at Groin B? 

stations included the ubiquitous polychaetes ~-,ossura_ d2"ta, .%'agecra 

?cr.~ ~;.,o~::s and ~3 :r~ .̂;~u which were shared with Group 31 stations . 

DISCUSSION 

Eoifauna 

Northern Gulf of -Mexico a?i--Fauna is considered 5y many investigators 

as an extension of the Carolinian province vita faunal divisions at the 

Mexican border and just east of tie Mississippi delta (?iedopeth, 193 ; 

Defaabaugh, 1916) . The STOCS study area falls within Defcnbaugh's Texas 

to Xississippi delta region, but by virtue of tie southernmost stations, 

is influenced by Caribbean fauna of the Mexican coast . 

Distribution of any species is based on a complex of environmental 



Infauna 

Hartman (1951) characterized the littoral polychaete communities of 

the Gulf of Mexico as little '.mown, diverse and with components oz 

the Caribbean, Eastern Pacific and Atlantic faunas . Parker (1960) recog-

nized inner-shelf, intermediate-shelf and outer-shelf =aunal 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 (1975) presented the only other study which attempted 
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in winter, occurred in large numbers in spring (ua y-June), and by tall 

(September-October), were limited to only a few stations . Many of the 

species :cost characteristic of the shallow shelf are motile decapods 

found in inlets, bays and shoal areas in ;unmet and early tall . Cepelard 

(1965) collected large numbers of _''2'aCli?,rJaYiC2vlS 32l';"r~ ,v and Jqa:7 1a 8.'.T':Coa 

in Arans2s ?ass Inlet in late summer and early fall . Larne numbers of 

.2r,a2u33? :: .=:ru.= are found in the oat's in fall and support a sizable bay 

fisher; . Seasonal changes in population may be related to the annual 

temperature (I4-29'C is 1916) and salinity (3I-3o ppt in 1976) extremes 

at inner-shelf stations . 

Large numbers of species -with low abundance characterize tae outer-

shelf assemblage . High aquitability and species richness of this area 

reelect 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 occurred as sub-

groups is one or both of the major divisions . The diversity of 3emersal 

fishes was low at shallow stations and increased with depth to about 35 m ., 

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

related to depth, temperature,ar_d movements into and out of estuaries . 



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 dominance by sere 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 

to define benthic infaunal assemblages in the north-western Gulf . He 

ider_tified five zones which he generally correlated with depth and 

sediment type . 

Zonatien of inLaunal assemblages with depth on continental shelves 

is a commonly reported pattern (Day at' aZI ., 1971 ; Field, 1971) . This 

study snowed the same general pattern of distribution by dept;, modified 

by the influence oz sandy sediments . There were apparently three habi-

tat types in the STOCS study area : shallow-muddy sand, deed-silty clay 

and deep-muddy sand . The :nid-depth station group, which showed z tran-

sition from shallow-sandy sediments to deep-silty clays, may be consid-

ered a depauperata extension of the shallow mural assemblage . This 

region, which comprises a large part of the study area, had no unique 

species bit shared many species with the shallow stations, and ubiqui-

tous species w-Lth deep and shallow stations . The shallow-muddy sand 

and deep-muddy sand stations were si311ar 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 chat depth or the stable physical 

environment associated with depth was amore important than substrate in 

regulating i.nfaunal distribution . 

Seasonal changes in temperature and salinity, and turbulence due to 



distribution by death . r1 major difference between the two groups was a 

generally greater number of epif=una1 special offshore but a greater 

number of intaunal species inshore . Highly variable physical conditions 

at shallow stations produced populations characterized by numerical 

dominance of same species . Large numbers of infaunal species is both 

shallow and deep muddy-sand habitats are due to the increased "spatial 

diversity" (Pianka, 1960) afforded by the greater interstitial space .n 

muddy sands as compared to silty clays . d rich food su??Iy both in the 

water column (due to the influx or" continental runoff on the inner shelf) 
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tan shallow stations and with little or no numerical dominance . The 

deep-sally habitat had an environmental regime similar to teat of tie 

deep-silty clay habitat but :gad more species and individuals . The high 

equitability at deep-sandy, as compared to shallow-sandy stations, can 

be attributed .o a more stable environment a= the deep stations . 

Attempts have bean made to delineate :aunai assemblages based .on 

seeding tykes (Sanders, 1953 ; Young and Rhodes, _97i) . In tie STOCS 

study area, sedentary deposit feeders comprised the boil. or polrcnaete 

?o?ula :ions inshore, but were generally replaced by actively burrowing 

dztrtal feeders offshore . High productivity and Qatar turbulence in 

nearshore areas allowed sedentary deposit feeders to be successful . As 

distance iron shore increased, there was a reduction e .` good in the water 

column aid at the substrate surface . Species ;which actively burrow 

through sediments in search of food dominated deep station communities . 

This type of analysis suffers from lack of life history information for 

many species and families . :his is particularly rue for 3acroiniauna 

:pond in the northwestern Gulf of Mexico . 

Both macroinfauna and invertebrate epifau^a had similar patterns of 



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 P,,, technique was used to calculate the number of 

species (percentage of the total found in the original suite) not found 

previously that would be expected in each replicate . By accumulating 

these percentages anal plotting against replicate number, a curve repre-

senting sampling efficiency at each replication number was constructed . 

Several assumptions are made in .he use of tae Pk . The first assumption 
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and in the substrate allows greater abundance in the szallow muddy-sand 

habitat . 

The STOCS shallow-muddy sand assemblage appeared to fit Sanders' 

(1968) physically-controlled co-=unity which is governed mainly by physi-

cal conditions which vary widely . Hill (1975) proposed hat the entire 

South Texas Continental Shelf is a physically controlled environment . 

However, observations of high equitability and diversity of the outer-

shelf assemblage, coupled with the stable environmental conditions there, 

lead us to believe that the bench-Lc fauna of the deeper water may repre-

sent biologicaliy-acco=odatad coxmunities . 

Within these broad habitat zones, niche diversity may be important 

in the sm-a'Ll-scale distribution of individual species . 

The use 0 : Pk analysis to understand the distribution of benthic 

infaunal ;aacroinvertebrates and how different sampling replication schemes 

may be sampling the various communities, oust be preceded by an under-

standing ol: some basic limitations of the technique . In essence, the 

Pk analysis, as described by Gau=rn z-: aZ . (1956), was used to compare 

the relative sampling efficiency of different types or bottom samplers 

in a stream bed . 

A lame suite o= samples (12 in the present study) was taken . The 



the deeper stations . With similar numbers of species in the ,original 

suite, both rare and non-rare species are more efficiently sampled at 

nearshore stations by a given number of replicates than at the offshore 

stations . This apparently is a function of the numbers of individuals 

present with the inshore stations being more densely populated . Thus, 

a hypothesis for a charging scale of nacroinfaunal community distribution 

pattern can be postulated . The inshore communities are distributed on a 

smaller scale, i.2 ., the sane sampling effort will obtain a greater 

percentage of the community than for offshore communities . This is 

probably best explained by the greater food available as evidenced by 

the phytoplankton and zooolankton populations present ; greater ?hys- 
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is that the total number of species in the original suite of samples is 

the total number of species in the area . This, in some cases, may 

approach reality, in ocher cases, i[ does not . With the bentnic macro-

invertebrates of the STOCS study area, the latter is probably true . 

:.though 12 samples were taken at each station, in the original compari-

sons the total number of species actually in the area was not closely 

approximated . Thus, the Pk analysis was used with the realization that 

the total number or species was low, and consequently the percentage of 

the total community sampled by a given replicate number was an over-esti-

mate . The Justification for using this technique is based or. the :pct 

that =pose species not found in 12 replicate samples would be extremely 

rare and that by modifying the technique, : .a ., not using those species 

operationally defined as rare, a comparison of the distribution or the 

non-rare species at various stations can be made . Also, the afficiency 

of replicate sampling within a site can be estimated . It is readily 

apparent hat the species populations of infaunal macroirvertebrates are 

physically much acre interrelated in the nears ore Gulp areas than at 



icai variability in the sediment grain sizes allows for greater density 

on a physical basis and, the possibility of niche =ractionization, 

particularly with reference to tropnic type, is affecting the distri-

bution scaly in the two areas . That is, b2ntnic species dependent on 

the water column nor food (filter feeders, suspension feeders) may 

require less bottom surface ;pace per individual than deposit feeders, 

whether selective or non-selective . Selective sedentary deposit feeders 

similarly would require less space than active burrowing, nor-selective 

~Fes . 

'The second major analytical technique used in within-station distri-
2 

bution analysis was tie index of dispersion (S ) which led to similar 

conclusions . 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 mounts of population agJre-

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 stations, particu-

larly very sandy stations (4/I, 4/III and 4/IV),showed more tendency 

toward aggregation of various populations comprising the coamunity 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 :or the index or dispersion 

S2 
(X ) to show significant aggregation in species where it may not be occur-

ring . This is particularly rue in species with high near numbers per 

sample . The variance, as noted by Gage and Geekie of species distribution, 

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

true Poisson distribution tie two should change together . This factor 



assumed that the "she1ly" stations had a fauna that was probably similar 

to that of the slopes of the banks . Generally, the dominant species at 

the snel.ly stations were filter feeders, or errant, probably predacious 

species . When the macroinfauna data were compared to the 

among others tends to show a type I error, predicting significance when it 

actually does not occur . Even though this bias exists, the relative num-

bers c= populations aggregating are thought to be indicative of tie true 

situation. A further test using Jumars Chi-Square dispersion technique 

further corroborated tie aggregation or species at the Tran;ect Ii stations . 

Tooograghic Features Stations 

The Topographic Features (hospital Rock and Southern Sank) on the STOCS 

had some effects on the level-bottom infaunal invertebrate communities sur-

rounding .`:em . These iffects became apparent through an adjunct study of 

the arias sur_cundiz ; certain topographic features of the 3L:1-S :CCS stud 

area . This study was carried out under a separate contract (AA330-CT7-13) 

but will be reported herein . The major factor affecting these communities 

was the amount of gravel-sized rubble ap?a:entlq washed from the banks 

by prevailing currents or storms . Two stations, of the eight sampled, 

had significant amounts of shell rubble is the sediments . These stations 

(3R 1 and SB 3) were located on the southwestern side or Hospital Rock 

and Southern Bank, respectively . 'fee Senthic invertebrate communities 

at these two stations were similar to each other but different from the 

other sip topographic features stations and from cost STOCS primary tr2n-

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 mac:oiniauaa of the banks ?roper eras not sampled, it is 



meters (H', P .I .E ., E, number of species and ::umber of individuals) were 

solar to those found at .he STOCS ?rimary transect stations of SZmi1Gr 

depth . uacroinfauna/meiofauaa ratios were much higher than at the shelly 

stations . These stations -were separated into tag groups of three [SB 2, 

SB 4 and HR 2 (B1), and SB 1, ??R 3, H3 j (B2)] on the basis oz different 

numerical dominants . Tie dominant species at the non-shelly stations 

varied greatly through tine (with the exception or S3 4 where Cossura 

a ' Z' e ta was consistently numerically dominant) so that the dominance index 

indicated a much less consistent pattern of dominance than at the shellv 

stations . The dominant species at the 31 station group were comprised 

of the snore iniquitous 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 three 

meiofauna data from other investigators in the Topographic Features 

study, very low macroinfauna to meiefauna ratios, ranging iron one to 

one-hales to around one to ten, were found . One ce1'ection showed a ratio 

of one to forty-five but the meiotauaa iron tat station dad an abnor-

mally 'nigh number of nematodes . These low ratios probably precluded the 

use or meiosauna as food items fir the majority of the macroinfauna . 

The general explanation of the high macroinzaunal diversity of 

shel?7 areas such 2s FUR 1 and S3 3 is the p^csical space provided by tie 

greater interstitial areas aeon? the shell rubble as co3aared to t-ese 

of silty-clay dominated sediments o° tie surrounding Gulf bottom . Also, 

the gravel-sized fragments provide substrate for those species that 

rewire a firm surface for settling on or boring into . 

The remaining sit{ stations were basically similar in species compo-

sition and community stri.:cture . The various community structure pa ;a- 



lion between the A and 3 stations, the sedimentary differences anon the 

B group stat ions was examined to see ii the different dominants could 'ur-

tner be ex-pla'ned by sediment particle size . Three stations (SB 2, 'r'_R 3, 

and H3 4) had sedr-aents consisting entirely of silt and clay . The remain-

ing three :gad varying percentages of sand (usually less than 20'.) . Since 

S2dim? :ll 72tCerAS (3!1 3ii./Ci3VS SIiC/Cid;! wich some Sand) cut across 

the biological jr0upi:l'?S, no obvious 32C1'32:1t effects were CbSerV2d . COT-

T2Z3C10L1 C02i=_c1°_^LS (?earson r) were computed for number of Speci es and 

number of individuals with :)ercent sand, silt and clay for stations within 

each sediment group . CIO significant patterns of correlation were Evident . 

Distance and direction from the Topographic Features were examined as 

possible factors in the dominance patterns of the B2 stations . There is a 

possibility that the strictly silt/clay stations are associated -with 

troughs around the Topogra-phic Features . These troughs (areas that are 

deeper than the normal bottom surrounding the :-opographic features) are 

readily seen in bathymettic maps prepared ;;y .he Texas GSM project study-

ing tae biology and geology of the STOICS topographic features (Bright and 

Reza!c, 1976) . 'While this may explain the lack of sand at these stations, 

it does not fit the biological ?attern . No effect of distance or direction 

could be ascertained which corresponded to the biological data . 

The data indicate that tap of the eight stations are directly affected 

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, one, in which no affect of the banks was 

stations (B2) snared many of the species, out differed is having unusual 

numericail;l dominant species inducing ._,-:-3 rC r r~C Z,,a cr . oCU:.~ at SE 1 

dLld _ . -I' s 8:Jna ~nc :,z 3 : KR 3 and HR ~ . T~'IeSC SJ°C~`S -were .f ound else-

where 1:1 . :12 study 3224 but not with the same consistency or numbers . 

Since sediment type, 2 .g . gravel, obviously affected the C_LP?T2At13- 



dominated, II1c3CrOiII4aunal collections . 

4 . Invertebrate Epifaunal distributions indicated an inner-shelf (10-

47 m) and an outer-shelf (65-134 m) assemblage in the STCCS study area . 

~ . '?'he invertebrate epifaunal assemblage oz the inner-shelf was charac- 

terized by large numbers of individuals, low diversity and low zquitabi-

1ity . Typical inner-shelf species, such as Traeh~~er.aa:w s:^~:?2s, Sqtci? :~ 

2r,^pusa and Jer.a2uS seti;'enas have strong affinities for estuaries and 

snowed seasonal variability . 

b . The outer-shelf invertebrate epifaunal assemblage was characterized 

by temporal stability, high diversity and high equitability . Typical 

species included the mollusc "jmiz,:.r! ; -a.yraeeus, the decapod Ar.as:.~rus 

Zat-as and the echinoderm Astrcpeetar circua`u3 . 

7 . :~iacroinfauaal distribution data indicated three habitat-defined 

assemblages : shallow-muddy-sand (10-27 m), deep silty-clay (65-134 M) 

and deep muddy-sand (65 and 91 m) . Intermediate depth stations were 

transitional in sediment and infaunal species composition . 

8 . Macroinfaunal equitability values snowed a general increase with 

depth but total number of species and individuals decreased with depth . 

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

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

CONCLUSIONS 

1 . A total of 887 taxes were iden_ified from trawl and ;rab collections 

is the STOCS study area in 1976 . 

2 . T:'�̂ ,c/:upB7:Q2uS u1..%??.,',25, 7ZCuCriC C,.C2'SC«Z8, CQZZ':nec+.88 Smtiiis and 

Perkeua ~~~2eUs were the lour most abundant invertebrate apifaunal species 

collected . 

3 . The ?o1;7cnaetes M:~7?ZonG N^a .:=za2, irru �u wad 
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9 . :4acroinfauna were most abundant along tie inner-shelf and in the 

deep mmudd..-sand habitats due to increased "spatial diversity" afforded 

by create= intersti=ial space ?n muddy sands as compared to silty clays . 

10 . The major dilig ence between macroiniauna end invertebrate eoi=auna 

was a generally grater number of invertebrate epifaunal species offshore, 

but a oreater number of macroinaunal special inshore . 

11 . Populations comprising the macroiniaunal communities showed more 

tendency toward aggregation at the shallow muddy-sand stations than at 

deeper Sli:;l-clay stations . 
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A series of standardized, trawled fish samples were collected from 
six stations on each of four transacts to orcv :de information on South 
Texas Outer Continental Shelf (STOCS) fish distribution and abundance . 
Day and night collections were made at each station during W4 nter, late 
spring and late summer-autumn ; supplementary day-night collections were 
made .n intervening months at stations on Transact H . 

For each sample, numbers of individual species, weights, numbers of 
individuals per species, and individual weights and lengths provided the 
basic rata, ail 0f which except lengths and weights provided primary data 
:or this study . For each sample, calculations of Shannon diversity indices 
(both numerical and ponderal), the Hurlbert probability o` ir.terspecific 
encounter (P .I .E .) and the Lloyd and Ghelardi equitaoility value (E) pro-
vided derived data for various comparisons among the 1976 collections and 
between 1976 and the equivalent 1375 collections . 

For equivalent times and stations, the _970 numbers of species, indi-

viduals, and OlOC13SS2S were less than in 1975 . Whether t1°_ slight change 
in sampling rot; caused the declines or whether these were actually fewer 
fish in 1976 could not be demonstrated with completely tenable explanations . 

proposed analysis of length-weight-frequency analysts of individual 
species should clarify the viability of alternative explanations .) In 
general, both numerical and ?onderal diversity indices :sere lower in 1976 . 
Isopleth blots for day-night and seasonal data pertinent to observed and 
derived data indicated that there were pronounced day-night differences 
in most cases throughout the year . In the :inter and spring, gradients for 
the various data tended to be depth-related with some indication of north-
south transact differentiation by autumn . Analysis of variance for the 
various data categories revealed teat few individual effects (depths, 
transacts, day-night, seasons) were consistently and statistically signi-
ficant, but interactions involving seasons and individual effects were amore so . 

A pooled yearly comparison of day-night catches by species indicated 
that day species were ordinarily those that had schooling propensities ; 
predominantly nocturnal species tended to be solitary . Comparisons by the 
Wiicoson rank sum showed statistically significant diurnal prominence for 
10 species and nocturnal prominence for 36 . Of the fishes not showing sig-
nificant day-night prevalence in numbers or weights for pooled data, a 
breakdown of catches into seasons fielded 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 stations, 
the Bray-Cor bs technique wits flexible sorting by normal analysis snowed 
clearly that there were depth related groupings, three in winter and our 
in spring and autumn . With stations as attributes or the species, inverse 
analysis showed seven species-groups in winter, eight in spring and six ;n 
autumn . The two-way 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 of 89 in springy and 62 of 82 in autumn . 

In addition to species associations determined by clustering, the 
cluster analyses indicated that zonation wan depth-related, with temperature 
and seasonal mig-ration patterns as major associative features of the groups 
through the seasons . There was little evidence that zonation was directly 
related to sediment type or salinity . The shallowest station groupings had 
iic,h 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, nearsnore species associations ended to dissi-
pate ; m.idwater and deepwater associations mere somewhat more staple through-
out the year ; midsnelf groups had the highest species diversity throughout . 
There was a weak indication of species associations breaking into north-
south groupings in autumn only, which implied' that north or south movements 
to or from areas outside STUCS was relatively unimportant for the great 
majority or species . However, within the STOCS area there was considerable 
species "shuffling" during the year to the extent teat clearcut species-
domination bq one or a few species was not suggested . 

The 1975 and 1976 data, except for length-we'_ght measurements of 
individual risk, are now incorporated into the data management system . 
Recommendations are sugoesred to : (a) further clarify relationships among 
the fish data :rant 2Z a, and (b) relate tie bentnic fish data to other 
abietic and biotic (especially invertebrate forage organisers) data, and 
(c) to explore selected population processes identified by the above anal-
yses . Also recommended are acquisitions or data on feeding growth-meta-
bolism rata properties o: individual species . These recommendations are 
based on tie premise that such functional characteristics and processes 
provide baselines that are immediately much core 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 copulation levels . 



pronounced only in winter and spring ; collections in summer often did not 

snow day-night differences among derived indices, although the individual 

species differences were pronounce' between day and night . Accordingly, 

the 1976 data provided an abundant series of samples for day-night com-

parisons at the species level . 

3 . Attempts at "clustering" species groups mere indicated by the 
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The purpose of this study was -he continuation of the development 

of a baseline pertinent to tie abundance and distribution o` benchic 

fishes of the South Texas Outer Continental Shelf (STOCS) . 

The major ass and rationale of the '975 benthic fish sampling oper- 

ations (tJonlscnla" 1976) continued during 1976 . However, the 1976 

sampling was expanded considerably to allow for more detailed analyses of 

the distribucion aid abundance of fishes, as well as =or appropriate 

comparisons between years . 

:analyses of the 1975 data proceeded along .he following c .zree lines : 

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

trawl samples provided a system nor overall evaluation of differences 

=or various attributes among seasons, transect ;, stations (depths) and 

times of day, along with all possible interactions among these variables . 

The attributes included number of species, numbers of individuals, bio-

masses, numerical and ?onderal Shannon diversity indices and Eiurlbert's 

probability or 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 oeologi-

cal conditions . 

2 . The difference between day and night collections during 1975 was 



General Distribution and Abundance 

The purpose of the Results section entitled General Distribution 

and Abundances is to continue and expand an analysis of the type of 

data utilised in the 1975 study . Without regard to the nature c= indi-

vidual species, the comparisons on numbers, biomass, diversity indices, 

equitability, and probability of interspeci°ic encounter were set up 

for comparisons of stations (depths), t:ansects, seasons, day-night 

abundance and distrfbutional 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 -ae11-kno:Ta . taxonomically . Particularly notable are the 

studies of Gunter (1941 ; 194 ; I953) . !any additional studies 
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1975 stud;, both to evaluate characteristics of individual stations and 

species associations themselves . Particularly, it was deemed essential 

to evacuate seasonal changes in terms or" zoilectior. localities and species 

affinities insofar as depths and aort-h-souta influences :tight be involved . 

These three types of assessments, collectively, should be _`ar super- 

for in determining baselines for adjudicating any changes in overall 

long-tern abundance and distribution of fishes . Additionally, these 

assessments :UZ the various derived for;; are compatible for analysis 

and synthesis operation; with ocher biotic and abictic segments of "t-he 

STCCS study or with similar studies is other localities . 

In a separate section or the report, recommendations are TaCe nor 

the synthesis of the three -,aajcr components of the de-marsal fish studies 

and =or the eventual interpretation of the risk distribution and abundance 

patterns in relation to their biotic and abiotic components . 



Hurlbert (1971) considers the notion of species diversity based on infor-

mation theory a hen-concept . Goodman (1970 summarizes much of the 

criticism oz diveristy-stability relationships in ecology and concludes 

that there are no simple relationships . Attempts to define quantitatively 

the nature of community structure lave continued to yield controversies 

and contradictions . Recent reviews on the subject, e .g . Caswell (1916), 

'.-fad (1973), among others, generally imply that community structure models 

themselves are deficient with regard not only to inclusion of all biotic 

and abiotic rote .-actions, but to the degree of such interactions, as well . 

Because of these deficiencies and the :eductionist approach of cone 
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have concerned the estuarine fishes and the riches taken b;: the large-

scaly shrimp trawling industry of the area . There are numerous studies 

dealing with individual specias ci the STOCS study area . Among the 

studies dealing with the overall distribution and abundance characteri-

stics of tie area are those of Moore en w:.(1970), , Chit_endea and ?!o ore 

(1970) and Chittenden and :ic:.achran (I9io) ; these also contain fairly 

complete bibliographies for the northwestern portion of the Gulf oz 

Mexico . 

Because this study is a cart of the overall 3LM program to establish 

baselines, there is a necessity to ?resent data in forms useful for 

both theoretical and practical purposes . Time-honored measures of 

abundance, along with the more recently derived indices that characterize 

distributions, are both of iaterestfor data reduction and synthesis and 

for comparative purposes . The recent usages of diversity indices, pre-

sumably firmly based on information theory, have cease to be criticized 

in tetras of usage for assessments of species diversity, environmental 

, stability, ecological optimization (evolution), community structure, ecc . 



waters (0-50 m) has been published, relatively little attention has been 

geld to diet variability in catch data for fish, and reports of die? varia-

bility have been largely incidental to distribuc:onal studies . 3 cwo-year 

sampling survey by Gunter (1945) covered the bay and inshore waters, out 

no mention was ode of sampling tines nor is any reference made to consid-

erations of diel variability . Hildebrand's (1954) study distinguished two 

penaeid faunal areas on deeper areas of the continental shelf ; the near-

shore diurnal white shrimp ?rounds extending to depths of about 27 m, and 

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

his survey was conducted aboard commercial shrimp trawlers and was subject 
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models, there is a tendency for intuitive interpretations, and sometimes 

for mathematical-statistical analyses CL community information, to contra-

dict the control-theoretic and cybernetic theories of diversi;y regulation 

(Caswell, 1975) . Yet, the usage of diversity measurements, however empir-

ical, has provided practical measures of-community characterization, 

although subject to the constraints of sampling . 

Day-Ni3ht Variability 

Differences :.n species composition between day and night trawls are 

not necessarily reflected in measures of abundances,discribution or 

diversity calculated `or each trawl sample :row data _or all specie; 

combined . However, experience wit ;: day and night trawled samples from 

this and earlier studies indicates that day-night differences in species 

composition do exist . The investigation of the die! differences in the 

trawl catches has become a ;aster's thesis problem -_"or Elizabeth F . 

Vette: and this portion of the report presents her preliminary findings . 

While a large amount of information cn distributional differences in 4k 

trawled and seined fish from the northwest coastal and day Gale of Mexico �, 



lyses that utilize numbers, bioc:asses or diversity (and similar) indices 
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to the sampling strategics best suited for shrimp capture, i.2 . nocturnal 

trawling on brown shrimp grounds, diurnal trawling on whita shrimp grounds, 

so that strict day-nigzc comparisons in each area ..ere not feasible . 

Springer and Bu11is (196) and Moore 2t a: . (1910) cave reported distri-

butional data for depths greater than '+5 a, but again, dial differences 

in catch data received brie consideration . Ch=t :enden and Moore (1976) 

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

o~; other collections, aga uz, from a dstribu_ional rather than a dial 

viewpoint . 

While previous studies in this area were not primarily concerted 

with day-night comparisons,in other areas of the world diet variations 

in oenthic fish habits are well kziown and often of weal importance to 

fisheries (DeGroot 1971 ; Stic'.cney e: a?., 19i4 ; Robins, 1911 ; among ethers) . 

Direct observations in natural habitats have revealed major dial 

chan,;es in behavior of coral reef fishes (Hobsoa, 1965, 1958, 1972, 1913, 

1974, 1975 ; 3obson and Chess, 19?6 ; among others) and of fishes near oil 

rigs (Hastings a: ~' ., 19'b) . The be`:avioral changes that occur daily along 

with variations in light intensity, turbidity and lie cycle stages often 

result in reduced or enhanced vulnerability of :fishes to trawling (Fioese 

2t aZ ., 1968 ; F?obson and Chess, 1976) . Thus, it would seem that diet 

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 amber of other biotic 

and abiotic considerations . 

Cluster Analysis 

The nature or species associations is not clearly elucidated 5y ana- 



water berthos o= soft bottom involved quantitative data uporr~tne cumbers 

and weights of species ?resent and resulted in descriptions of different 

benthic communities associated with carious types of substratum, 

with each community named aster, and characterized by, a few dominant 

species . As pore work vas done, Petersen-rye bottom communities sere 

recognized by almost all workers in the field . These findings led 

Thorson (1951) to present the concept of parallel soft-bottom communities . 

In the late I950's and is the 1960's increasing numbers of investigations 

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

communities, for example, in Southern California (Hartman and 3arnard, 
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as shown for the 19'5 data summary in tie STOCS study area . As a conse-

quer_ce, the requirement nor addit_ocal information or how the various 

stations and their species COmP12ment3 differed among themselves became 

3 separate requirement for better analysis . The cluster analysis C=Cl7- 

piques have been accordingly applied or a master's thesis topic by 

Mr . James Cole :.hose thesis materials are applied to this report with 

sli~nt modification . 

It is well known tint the bznthic fauna c anoes with depth between 

the shore and the edge o`_ tie continental ;hell, but beyond t1hi; there 

are many doubts and uncertainties (Day, Fie1 .:~ and Mor._-gome :,:, 1971 ; 

Field, 1971 ; 'riaedricz, owe and ?olloni, _1975 ; Stephenson, Williams 

and Cook, 19i'a ; 3oesch, 19'3) . It is not known how many _`aur.istic 

zones are represented, at ;.hat depths the divisions occur or whether 

the changes are abrupt or gradual . Above all, the nature of the fauna 

is related in acme way to the nature of the substrate and tare i; 

increasing evidence that the whole pattern of distribution on rocks 

differs from that on soy= sediments (Day at cZ ., 1971) . 

The pioneering work o : Detersen (1918) in Denmark on the shallow- 



at revealing structural and causal relationships in survey data and some 

or these methods nave recently been used by marine ecologists . Lie and 

Kelley (19'0) 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 urine benthic communities 

by Stephenson, Williams and Lance (1970), Day, Field and Montgomery (1971), 

Field (19'1), Steohenson, Williams and Cook (19i2a), Boesch (1973), 

Haedrich, Rowe and Polloni (1975) and Ho1t (1976) . Reviews and discus-

sions of the various methods are given by Sheath and Sokal (1973), Clif-

ford and Stepnenson (1975) and Williams (1971) . 

Computer clustering methods similar to those used in the above- 
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1953, 1960 ; Barnard and Ziesenhenne, 1951), best Africa (Long'hurst, 

19 5 7, 198 ; Bucanar., 193), India (Sasnappa, 19511) and Madagascar 

(?lante, 1900 . Day (1963) challenged the concept of parallel soft-

bottom communities and pointed out that in South African waters dredging 

yielded man; different large species characteristic of different areas, 

many of which did not fit in with Thorson's communities, while grab 

samples yielded diverse assemblages containing large numbers of shall 

anima's belonging to :..nay species and not dominated by just a tea . Others 

also failed to find communities with a few dominant species, for example, 

i1 Southern Cali~:ornia (Hartman, 1955), in tie Gulf or Mexico (Parker, 

1956, 1960) and off Thailand (Thorson, 1966) . As Mills (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 ecologist; have developed numerical clustering methods aimed 



February), spring cvliectiocs (May-3une) and fall collections (September-

October) were wade 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 fish, their numbers 

and weights were made shortly after the iced specimens were returned to 
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mentioned marine benthic studies were employed .o better understand the 

community structure of b2nthic ichthvof3u^a in the STOCS study area . 

METHODS AND MATERIALS 

General Collecting, Da ta PrOC2SS i::e and :.nalvss 

Except for the addicich of the data to the computerized data system, 

the 1976 collections were made and processed quite similarly to the 

1975 collections . The same four :razsects were sampled in 1976 . All 

stations were sampled by dad and night by I5-minute standardized trawl-

ing for both apibenthic macroiavertabrates and damersal fish . 

The trawl was a conventional Gulf :.oast 10 .7-m "flat trawl" w4 .h a 

12 .'-m lead line and a 9 .'_-m read line, each made o' I' .'-tea steel impreg-

nated ripe . There was a 0 .9-m separation between the net ;pings and tie 

0 .76- by 1.52-m doors (otter boards) fitted with steel runners . Net mat-

erials were of white, untreated nylon twine . Wings and the main body o 

the net had 44 .E-:gun stretched mesh or `o . 13 nylon twine . The 3 .0-m bag 

was made o= 44 .5-mm No . 36 nylon, stretched mesh . The bag liner used nor 

the 1975 collections was not used in 1976 . Conventional chain; gear 

surrounded the bag . All trawls were from the rain-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- 



S = number of species in the sample . 
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the laboratory . -Information for each collection was incor?orated into 

the computerized data base . 

For all collections, the Shannon species diversity index was cal- 

culated . This index is widely used and also ',mown as 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 

where ni is the number of individuals of the ith species and N is the 

total number of individuals . The ::" values are in natural bels per 

individual, and in numerical form, indicated as Hn" . 

Li_~ewise, for all samples, the ponderal equivalent, HW", as sug- 

gested by Wi1hm, (1963), was calculated by using ni as the weights (bio- 

mass in grate) of the it's species and V as the weight of individuals 

in the sample . 

Equitability was calculated for each of the individual collections 

by the use of tabulated values in Lloyd and Ghelardi (1964, Table 1) . 

Probability of interspecific encounter (? .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 : 

S ` 
P .I .E . = C ~ v I ~C 1 - ~ Ti 2' 

i = 1 

where Ni = number of individuals of the it's species in 
the collection ; 

Y = 7. Ni = the total number of individuals in the 
i sample ; 

'Ti = Ni/V, and ; 



various measures of abundance and diversity, particularly with reference 
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Because the 1975 collections differed frcm those o : 19'5 in resaect 

to the elimination oz the trail Sad 1=ner is 1976, the tots nu=be=s of 

species, individuals weights and the various diversity values .;ere co--Dared 

for the two dears . Also, the ana=ysas of variance of theca -carious numeri-

cal values were carried out for each yea: and both years were combined for 

all transects and Stations 1, 2 and 3, wh-4cn were ccmmon to both dears . 

Standard statistical methods were utilized and the various transfor- 

mations were used in accordance with standard practices, namely, square 

root of numbers OF individuals, drC5i:1 of the square root of equ-4--ability 

) , a :cs :.n of the square root or" AIL and t^e logarithm of the wei--h-s 

Since ?n" and :i;r" are amore or less nor ;:a11y distributed , they were not 

trans forWed . IC should be noted that partitioning of t^e degrees o : free-

dom without replicates could be hand'-led i:: several different ways other 

than .hose tabulated under Results . Ratter than separate yearly compar=-

sons (girt 1 degree of freedom) and consider the seasons 3s "seasons-within-

years", it was deeded that since seasons during 1 9 76 were about one 

month later than duping 1975, it would be feasible to consider all slit 

seasons individually roc a total of 5 degrees of freedom . The analysis 

was based on the principle of comparing mean squares to single factors 

(transacts, stations depths, time of dad, and season) with dcuble 

interactions, to double interactions with triple interactions and to 

trifle interactions with the quadruple interaction . Since the higher 

order interactions have relatively high mean squares, only a few of the 

single effects and several of the interactions are of interest, a . 

least statistically . 

Of special interest for visual comparisons were isop'etRS of the 



The methods of similarity analysis developed originally by plant 
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to time of day and seasons . These were drawn for a visual wears of 

comparing biotic and aoiotic data from other BL%1 studies of the STOCS 

study area . 

Day-Night Comparisons 

To compare day-night saw?le fairs in terns of numbers or biocaasses 

of the speicas, the aonparametric 'ailcoxon rank sum test was utilized . 

The test rationale is explained in Bradley (19b8) . Verdocrzn (1953) 

tabulated critical values for the rank sum test and the IMSL subroutine 

for performing t'. .̂e ;dilccxor. dark Sums Test gas used to determine the 

3tst15tiz?1 S-43L11f1C2ACe Ci CtiL :ere^C°S between the dav-ni=hz: 

paired trawls . The use of ranks is a useful metod for handling the 

non-normal distributions, particularly when one member or a day-night 

pair has no occurrence or a given species . The tests were used for 

comparisons at P ~ 0 .05 for statistical "significance" and at P :E 0 .20 

for consideration of possible differences . Confidence limits of 95 

percent and 30 percent were also utilized in raking 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 . 

Tie data by species were fooled over the entire year for one set of 

analyses . 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 

thus, winter (January-February) ; :March plus April ; spring (May-June) ; 

July plus August ; gall (Segtenber-October) ; and November plus December . 

Cluster Analysis 



In this expression, jXlj - Y~jj indicates the absolute value of the dif-

ference . The denominator is the sum of the values for all species at 
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ecologists have had widespread use in man; fields or ecology . They have 

the advantage o` using all the species abundance information available 

and are free of dist :ibutonal assumpCions . Since there are several 

methods for use with any set of g'ven data, discussion here will be 

limited to those methods -found to be best-suited for this study . 

Computations were done on an IBM 360 computer in the Texas A&M Data 

Processing Center using the program CLASS developed by Dr . Robert W. Smith, 

Deoartment of Biology, University of Southern California . -lnalyses were 

performed for each of the three seasonal collection periods . For each 

set of data, day and night collections were combiaed to give a better 

idea of the total species at each station . 

The first step in the analysis was comouta:ion of the dissimilarity 

between all possible pairs of col7ections or stations used on the species 

present . The resulting coefficients were tabulated in matrix form with 

one coef`icient nor ever, pair of entities to be classified . This 

measure of dissimilarity can be expressed as the ecological distance 

between pairs of entities and tie matrix is commonly called the "distance 

matrix" . 

Two dissimilarity measures were used in the analyses . Ore is '.known 

as the Bray-Curtis measure and "is the complement of that riven by 

Bray and Curtis (1957)" (Stephenson, 1972) . If X1i and %2, are numbers 

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

~ (Y1j - Y2j 

~ i (:{1j + X2j) 



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 taro . If X1j is zero, the contribution of that species 

takes its maximum possible value of 1, irrespective or the value :{2j . 

Therefore, differences of 0 and 1000 and oz 0 and I carry the same weight, 

which does not make good ecological sense . It is usual to counter this 

by replacing Xij with a value somewhat similar that the smallest value 

appearing in the data matrix (Stephenson et aZ ., 1972a) . A good rule of 

thumb is to replace the zero values with a number 2/5 of the smallest 

value recorded (Steohenson 2t ¢Z ., 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- 
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both stations . It is, therefore, strongly influenced by outstandingly 

large values and minimally influenced 5y small values . Transformation 

of the ran data (discussed later) minimized this problem ; however, the 

Bray-Curtis coefficient is still sensitive to dominance . Joint absences 

have no effect on this coefficient, therefore it is suitable nor analysis 

of heterogeneous sets or ecological data, ti .2 . mere many species are 

absent from most of the samples (Day et aZ ., 1971) . This coefficient 

has been used in recent marine studies by Stepheasor., Williams and Lance 

(1970) and Stephenson and Williams (1971) and in a slightly different 

forte by Field and ucFarlane (1968), Field (1969, 1970, 1971) and Day, 

Field and Montgomery (1971) who refer to it as the Czekarowski coefficient . 

The other dissimilarity measure is tae Canberra-Metric which is : 

1 
1 

j X1' - X2') 
j 1 (Xlj + X2j) 



e-ierq other site is computed and the site is fused to that group or indi-

vidual site with tae smallest mean distance . This strategy clusters only 

weary and is little prone to misclassification (Stephenson r: 2Z ., 

1972a) . It has been used with success in marine 5enthic studies by 

Field and McFarlane (1968), :"field (1971), Day, Field and Montgomery 

(1911) and 3oesch (1973) . 

clustering methods given by Lance and Williams (196') . A good discussion 

o= its properties is given by Sheath and Sokal (1973) who snow the 

results of using various values of the cluster intensity coefficient 

(3) . The now conventional value of 3=-0 .25 (Stevhenson and Williams, 

1971 ; Clifford and Stephenson, 1975) was used in this analysis . This 

strategy was used and discussed by Boesch (2973), Stephenson, Williams 

and Lance (1970), Stepher_son and Williams (1971) and Stephenson, Williams 

and Cook (1972b) . 
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duals are successfully clustered into groups which have the greatest 

inter-group affinities . -cliowing Stephenson at all . (19'?a), two di-f-

ferent clustering strategies mere used : "group average" [equivalent to 

tie unweight=d pair group method of Sneath and So'.cal (1973)] and 

"=lexible" (Lance and ?3illiams, 195i) . Comparisons of various sorting 

strategies are given by Field and McFarlare (1965), Stephenson, Williams 

and Coop (1972b) and ?richard and Anderson (1971) . 

Flexible Sorting ~:lusters intensely, 34-vin-7 sharp clusters and 

emphasizing weak boundaries, while group d'72r308 301'C7.I2~ clusters only 

weakly and tends _o give large groups o= poorly differentiated stations 

or species . These two t;,-pes of sorting strategies are termed space-

dilating and space-conserving, respectively (Lance and Williams, 1457) . 

In group average sorting, the mean distance to a given site :row 

Flexible sorting is based on a generalized formula for hierarchical 



There are two reasons why data reduction is desirable in this study . 

The first is 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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After individuals are successfully grouped, their relationships are 

optimized in a dendrogram which Mayr, Linsley and Usir.;er (193) de:Jne 

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 nodes 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 stations as individuals and species 

as attributes to produce "station groups" . This is know-3 as "normal 

analysis" . It is also desirable to classify the species in terns 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 present 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 decisions 

on where to subdivide ill-defined clusters ; and second, the location of 

"misclassifications" . These can occur is agglomerative programs because 

fusions begin where group affinities are weakest (Clifford and Steahen-

son, 1975) . Careful examination of the table will allow these "misclas-

sifications" to be reallocated to a more suitable group . 

Reduction, Transformation and Standardization of the Data 



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 at . (1970), Stephenson et at, (1972a) 

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 stations . 

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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species which were represented by less than three individuals during a 

seasonal period were eliminated from the data . For further rationale see 

Clifford and Stephenson (1975), Stephenson et at . (1970), Field (1971), 

Stephenson et at . (1972a) and Day et at . (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 (Yr2(n)2) to emphasize the relative differences of each species 

at each station rather than the magnitude of the differences between 



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 7.50 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 species . 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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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) 95-100x, high (H) 66-94%, 

medium (M) 65-33X, and low (L) 32-Ox . For this analysis, the grades of 

VIi and H were used, since percentages less than 66% for some of the smaller 

site-groups (four stations) were rather meaningless . 

RESULTS 



Station Group 3 3/I 3/IZ 3/III 3/IV 
(>_ 91 meters) 6/I 6/II 6/III 7/IV 
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TABLE 1 

DIVISION OF COLLECTING STATIONS INTO STATION GROUPS 
BASED ON DEPTH 

(ROMAN NUMERALS INDICATE TRANSECTS) 

Stations 

Station Group 1 4/I 1/II 4/III 4/IV 

(< 30 meters) 1/I 1/III 1/IV 

Station Group 2 2/I 4/II 5/III 5/IV 
(31-90 meters) 5/1 2/11 2/111 2/IV 

5/II 6/IV 



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) . 

No regular patterns are evident among the station groups or through 

seasons for data on total biomass taken per trawl (Tables 8-9) . 
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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 he seen, however, that for 

both day and night sampling, trawls in Station Group 3 yielded lower numbers 

of species caught than did trawls taken in other station groups . 

Tables 6 and 7 show that for both day and night trawls, the greatest 



TOTAL NUMBER OF DAY TRAWLS MADE IN EACH STATION GROUP 

August November December 

1 1 1 

3 3 3 

2 2 2 
FJ 
O 
I 
N 
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TABLE 2 

Winter Spring Fall March April July 

Station Group 1 7 7 7 1 3 1 

Station Group 2 10 12 10 3 5 5 

Station Group 3 7 8 8 2 2 2 



TABLE 3 

Winter Spring Fall March April July August November December 

Station Group 1 7 9 9 1 1 1 3 3 3 

Station Group 2 10 10 12 3 3 3 3 3 3 

Station Group 3 7 8 8 2 2 2 2 2 2 0 
i N 

TOTAL NUMBER OF NIGHT TRAWLS MADE IN EACH STATION GROUP 



F 
c 

i 
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TABLE 4 

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

Winter Spring Fall March April July August November December 

Station Group 1 40 41 26 14 13 8 5 9 9 

Station Group 2 43 33 43 29 20 25 18 19 18 

Station Group 3 28 24 22 27 21 12 12 16 20 



TABLE 5 

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

Winter Spring Fall March April July August November December 

Station Group 1 42 55 38 16 9 9 17 14 11 

Station Group 2 51 50 52 45 34 23 . 21 19 22 
c i 

Station Group 3 34 30 34 33 33 19 16 19 18 a 



Winter Spring Fall March April July August November December 

Station Group 1 404 819 90 307 193 72 29 25 19 

Station Group 2 162 141 124 121 34 31 27 44 28 

Station Group 3 31 20 40 159 117 25 15 72 42 

c 
i 
n 

TABLE 6 

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



Winter Spring Fall March April July August November December 

Station Group 1 254 509 85 566 64 25 29 25 38 
0 

Station Group 2 187 207 100 209 139 39 56 38 60 100 

Station Group 3 71 48 95 197 214 42 41 78 72 

TABLE 1 

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



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 December 

Station Group 1 3849 10576 1062 6900 9495 1070 249 209 115 

Station Group 2 2949 3719 2900 3133 2291 2051 1009 1390 1350 

Station Group 3 1387 1326 1482 4879 3065 971 794 4155 1182 



Winter Spring Fall March April July August November December 

Station Group 1 2967 5641 1545 4250 986 273 443 390 249 
w 
0 

Station Group 2 3425 2270 2270 4398 2450 755 1520 1372 1521 

Station Group 3 2671 2248 3142 4307 6368 2443 1607 4207 2970 

TABLE 9 

TOTAL BIOMASS (IN GRAMS) OF ALL SPECIES CAUGHT (PER TRAWL) 
IN NIGHT TRAWLS IN EACH STATION GROUP 



individuals caught per trawl) in the three station groups during different 

seasons are presented in Table 4, Appendix H. These data indicate roughly 

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 thEee different seasons . 

Again, these data give a rough indication of the areas (represented by 
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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 Iin" 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 unduZutus is caught predominantly in station 

group 1 (shallow stations) during both day and night sampling . Similarly, 

Anehoa hepsetus is predominant in station group 1 during both day and 

night . PepriZus burti, however, is 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 



Station Group 3 Hn" 2 .613 2 .267 2 .415 

PIE .900 .817 .880 

E .286 .271 .341 
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TABLE 10 

VALUES FOR THE SHANNON-WEAVER DIVERSITY INDEX (Iin"), 
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 Hn" 2 .110 2 .309 1 .289 

PIE .824 .869 .459 

E .125 .171 .115 

Station Group 2 Iin" 2 .114 1 .374 2 .710 

PIE .868 .496 .874 

E .139 .091 .209 



Station Group 2 Hn " 2.653 2 .788 2 .739 

PIE .858 .893 .865 

E . .176 .180 .173 

Station Group 3 Hn" 2.523 2 .401 2 .105 

PIE .871 .869 .796 

E .235 .250 .176 
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TABLE 11 

VALUES FOR THE SHANNON-WEAVER DIVERSITY INDEX (Hn"), 
PROBABILITY OF INTERSPECIFIC ENCOUNTER (PIE), AND 

EQUITABILITY (E) FOR EACH STATION GROUP . 
(BASED ON NUMERICAL ABUNDAI3CES OF SPECIES IN NIGHT TRAWLS) 

Winter Spring Fall 

Station Group 1 Iin" 1 .996 2 .792 2 .144 

PIE .727 .916 .802 

E .119 .173 .158 



Station Group 1 

Species No . Species No . Species 

Anehoa hepsetus 749 Mieropogon undutatus 1216 
Cynoscion nothus 646 PoZydaetyZus oetonemus 1012 
Mieropogon undulates 570 Traehurus Zathami 891 
Pepritus burti 221 Cynoscion arenarius 577 
Anchoa micthiZZi 177 Cynoscion nothus 465 
Syaeium gunteri 72 ChZoroseombrus ehrysurus 449 
Cynoscion arenarius 66 Anehoa hepsetus 449 
Sphoeroides parvus 57 Triehiurus Zepturus 170 
Trachurus Zathcvni 55 Pepritus burti 105 
Trichiurus Zepturus 36 Upeneus parvus 76 

ChZoroaeombrus ehrysurus 

Lutjanus ecnnpechanus 

Stenotomus caprinus 

Micropogon undutatus 

Eueinostomus gula 

Syacium gunteri 

Sphoeroides parvus 

DipZectrum bivittatum 

O 
1 
w 
r 34 

21 

18 

16 

16 

12 

10 

TABLE 12 

TEN MOST ABUNDANT SPECIES CAPTURED IN DAY TRAWLS IN EACH STATION GROUP DURING EACH SEASON . 
SPECIES LISTED ALSO HAVE ABUNDANCE >_ 10 INDIVIDUALS . 

NUMBERS OF INDIVIDUALS CAPTURED ARE GIVEN FOR EACH SPECIES 

Winter Spring Fall 

No . 

462 



Station Groin 

Winter Spring Fall 

Species No . Species No . Species No . 

3aurida brasitiensis 552 Trachurus Zathami 1189 Prionotus stecumsi 366 

Serranue atrobranchus 342 LagocephaZus Zaevigatus 76 Peprilus burti 131 

Synodus poeyi 99 Saurida brasiZiensis 66 Serranus atrabranchus 129 

Syaciwn gunteri 98 Upeneus parvus 59 Traehurus Zathami 111 

Diptectrum bivittatum 70 Pepritus burti 57 Sczurida brasiZiensie 47 

5`ynodus foetens 63 Synodus foetena 51 PoZydaetyZus oetonemus 47 

Prionotus stearmsi 56 Pristipomoides aquiZonaris 42 Upeneus parvus 39 

Upeneua parvus 45 Serranua atrobranehus 36 ChZoroscanbrus ehrysurus 38 

Stenotomus eaprinus 43 Frionotus stearmsi 30 Syaeium gunteri 34 

Pristipomoides aquitonaria 37 Stenotomus eaprinus 22 Poriehthys porosiseimus 25 

Stenotamus eaprinus 25 

F-' 
0 

i 
w 

TABLE 12 CONT .'D 



TABLE 12 CONT .'D 

Winter Spring Fall 

Species No . Species No . Species No . 

Serranus atrobrcrnchus 40 Pristipomoides aquiZonaris 62 Serranus atrobranehus 77 
Prionotus paraZatus 34 Serranus atrobranehus 25 Trachurus Zathami 49 
Trichopsetta ventratis 30 Peprilus burti 12 Pristipomoides aquilonaris 38 
Priatipomoides aquiZonaris 23 Triehopsetta ventratis 11 Trichopsetta ventralis 28 
Upeneus parvus 17 Prionotus paraZatus 10 Stenotomus caprinus 27 
Saurida brasiZiensis 11 Upeneus parvus 19 
HaZieutiehthys aeuteatus 11 Prionotus paraZatus 17 
Stenotomus caprinus 10 Sauridcz brasiZiensis 14 

Prionotus stecumsi 11 

Pontinus Zongiapinis 10 

0 
w 
ol~ 

Station Group 3 



Station Group 1 

Fall Springz Winter 

Cynoseion nothus 880 Micropogon undutatus 776 Sphoeroidea parvus 259 

Syaeium gunteri 191 Prionotus rubio 508 Syaeium gunteri 180 

Micropogon unduZatus 131 PoZydaetytus octonemus 506 Micropogon unduZatus 104 0 i 
Symphurus pZagiusa 101 Stenotomus caprinus 418 Lutjanus ecmrpeehanus 51 v 

Anchoa hepsetus 96 Sphoeroidea parvus 326 DipZectrum bivittatum 23 

Larimus faseiatus 95 Larimus faseiatus 284 Eueinoatomus gala 17 

Sphoeroides parvus 59 Anehoa hepsetua 258 Prionotus rubio 17 

Etropua oroasotus 36 Centropriatis phiZadeZphica 233 Centropristis phitadetphiea 16 
Cynoseion ctrenarius 28 Conodon nobitis 191 Chtoroseombrus ehrysurus 15 
Prionotus rubio 27 Cynoseion crrenarius 190 PoZydactyZus octonemus 13 

TABLE 13 

TEN MOST ABUNDANT SPECIES CAPTURED IN NIGHT TRAWLS IN EACH STATION GROUP DURING EACH SEASON . 
SPECIES LISTED ALSO HAVE ABUNDANCE 2 10 INDIVIDUALS . 

NUMBERS OF INDIVIDUALS CAPTURED ARE GIVEN FOR EACH SPECIES 

Species No . Species No . Species No . 



Serranus atrobranchus 

Syacium gunteri 

Poriehthys porosiesimus 

BoZlmannia communis 

Trichopsetta ventraZis 

Engyophrys $enta 

Prionotus rubio 

Centropristis phiZadeZphiea 

Cyctopsetta chittendeni 

Stenotomua eaprinus 

590 Stenotomus eaprinus 

295 Serranua atrobranchus 

152 Syacium gunteri 

80 Trachurus Zathami 

77 Sphoeroides parvus 
76 Prionotus etearmsi 

73 Centropriatis phiZadelphica 

64 LagoeephaZus Zaevigatua 

52 BoZZmannia eorrmrurcis 

43 Synodus poeyi 

497 Serranus atrobranchus 389 
334 Stenotomus caprinus 108 

169 Prionotus atearmsi 94 

126 Syacium gunteri 87 

116 HaZieutiehthys aeuZeatus 64 

111 Centropristis phiZadeZphiea 53 

94 PoZydaetyZus oetonemus 43 

80 Sphoeroides parvus 36 

48 Pristipomoides aquitonaris 35 

42 Parichthys porosissimua 25 

Prionotus rubio 25 

0 i w 

Station Group 2 

Winter 

Species 

TABLE 13 CONT .'D 

Spring ' 

No . Species 

Fall 

No . Species No . 



Species 

Serranus atrobranehus 

Pristipomoides aquiZonaria 

Triehopsetta ventraZis 

Prionotus paraZatus 

Stenotomus caprinus 

HaZieutichthys aeuZeatua 

Prionotua rubio 

Poriehthys poroeissimus 

F+ 
0 
i w 

Station Group _3 

Winter 

TABLE 13 CONT .'D 

Spring Fall 

No . Species No . Species No . 

132 Serranus atrobranchus 87 Serranus atrobranchus 291 

85 Fristipomoidea aquilonaris 73 Pristipomoides aquilonaris 115 

63 Prionotus puraZatus 50 Prionotus paraZatus 99 

46 Triehopsetta ventraZis 43 Trichopsetta ventratis 86 

32 Stenotonrus eaprinus 37 HaZieutiehthys aeuZeatus 35 

23 HaZieutiehthys acuteatus 22 Stenotomus eaprinus 31 

22 Pontinus Zongiapinia 11 Pontinua Zongispinis 25 

13 



Sphaeroides parvzca A 

Syczciwn gunteri g 

Trichopsetta ventraZis X 
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TABLE 14 

ABSENCE OF MAJOR SPECIES IN THE STATION GROUPS 

Species Never found in station group : 
I II III 



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 cam-

position . Table 16 is a summary of the observed and calculated values 

for the March 1976 series on Transect II . 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 weights, the PIE value, and the equitability 

E value were tabulated . These tabulations are also included in Tables 15-23 . 
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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) or night (N) . 

Table 15 includes the winter day-night series for all stations on 



1/I Day HBK 13 655 3124 .9 0 .308 0 .754 1 .575 1 .694 
1/I Night HBU 16 427 3820 .3 0 .188 0 .472 1 .186 1 .604 
2/I Day HCX 20 186 3257 .7 0 .250 0 .735 1 .932 2 .124 
2/I Night HER 16 76 1033 .1 0 .375 0 .825 2 .107 2 .036 
3/I Day HEG * 12 40 1296 .6* 0 .521* 0 .859* 2 .068* 1 .965* 
3/I Night HEO 15 91 4216 .3 0 .333 0 .846 2 .050 2 .100 
4/I Day HFM 17 674 2606 .2 0 .235 0 .688 1 .536 1 .912 
4/I Night HFS 16 505 3068 .5 0 .250 0 .660 1 .483 1 .736 
5/I 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/I Day HHN 17 59 1851 .6 0 .471 0 .909 2 .476 2 .150 
6/I Night HHR 23 159 4872 .4 0 .304 0 .856 2 .339 2 .476 

1/II Day HJC 13 373 13556 .2 0 .231 0 .601 1 .358 1 .280 -111 
1/II Night HJL 20 292 6075 .9 0 .150 0 .566 1 .353 1 .215 
2/II Day HKP 19 310 6492 .8 0 .263 0 .797 1 .978 2 .018 
2/II Night HKX 30 383 5595 .2 0 .200 0 .769 2 .214 2 .489 
3/II Day HMA 7 21 741 .6 0 .571 0 .809 1 .660 1 .780 
3/II Night HMI 11 60 2355 .8 0 .455 0 .785 1 .834 1 .798 
4/II Day HNG 14 210 4151 .5 0 .214 0 .575 1 .439 1 .931 
4/II Night HNK 20 195 2687 .8 0 .400 0 .893 2 .504 2 .208 
5/II Day HOP 14 84 4477 .6 0 .500 0 .881 2 .315 1 .781 
5/II Night HOT 22 231 8142 .7 0 .273 0 .839 2 .238 2 .321 
6/II Day HQE 10 30 1788 .7 0 .500 0 .809 1 .810 1 .664 
6/II Night HQI 10 38 1639 .0 0 .500 0 .873 2 .041 1 .803 

1/III Day HUQ 13 74 3175 .6 0 .308 0 .700 1 .729 2 .026 
1/III Night HUY 16 105 2872 .1 0 .313 0 .789 2 .017 1 .815 
2/III Day IAR 9 49 2117 .0 0 .333 0 .651 1 .472 1 .411 
2/III Night IAZ 22 175 2510 .2 0 .182 0 .608 1 .677 1 .972 
3/III Day ICN 13 63 1938 .7 0 .385 0 .836 2 .033 2 .261 
3/III Night ICV 9 37 1413 .0 0 .444 0 .734 1 .651 1 .647 

TABLE 15 

TOTAL NUMBER OF SPECIES, TOTAL NUMBER OF INDIVIDUALS, TOTAL WEIGHT, Hn" AND Hw" 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 . Hn" Hw' 



4/III Day IEI 12 764 1730 .4 0 .083 0 .041 0 .149 1 .049 
4/III Night IEO 11 119 672 .0 0 .273 0 .442 1 .064 1 .830 
5/III Day IGB 18 110 1684 .6 0 .333 0 .862 2 .210 2 .197 
5/III Night IGF 23 219 3386 .6 0.261 0 .813 2 .081 2 .444 
6/III Day IHT 6 20 2740 .0 0 .500 0 .726 1 .400 1 .215 
6/III Night IHX 13 73 3221 .5 0 .462 0 .849 2 .063 2 .139 
1/IV Day IJU 10 98 1120 .8 0 .300 0 .652 1 .412 1 .774 
1/IV Night IKC 16 202 2622 .8 0 .250 0 .732 1,758 1 .502 
2/IV Day ILO 7 21 312 .5 0 .571 0 .819 1 .682 1 .536 
2/IV Night ILS 20 246 3176 .6 0 .250 0 .804 2 .041 2 .331 
3/IV Day INI 10 26 650 .7 0 .500 0 .821 1 .871 1 .842 0 
3/IV Night INQ 10 42 939 .1 0 .500 0 .831 1 .896 2 .023 
4/IV 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/IV Day IQX 13 79 1561 .0 0 .385 0 .835 2 .046 2 .000 
5/IV Night IRA 20 156 2519 .7 0 .250 0 .669 1 .845 1 .848 
6/IV Day ISX 14 54 2189 .8 0 .500 0 .889 2 .299 2 .025 
6/IV Night ITB 14 28 495 .1 0 .571 0 .936 2 .474 2 .257 

TABLE 15 CONT .'D 

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



TABLE 16 

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

Station/Transect Code Replicate Species Individuals Weight (g) E P.I .E . H� " HW" 

1/II 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/II Day JWF 24 201 4668 .3 0 .291 0 .883 2 .437 2 .230 

2/II Night JWH 32 260 5398 .9 0 .218 0.815 2 .356 2 .463 

3/II Day JYZ 22 148 4875 .7 0 .318 0 .884 2 .426 2 .387 

3/II Night JZB 25 279 4617 .5 0 .240 0 .783 2 .147 2 .490 

4/II Day JVE 13 101 1717 .9 0 .384 0 .818 2 .020 1 .737 

4/II Night JVG 23 210 2750 .4 0 .347 0 .889 2 .507 2 .375 

5/II Day JXB 18 60 3010 .3 0 .444 0 .918 2 .570 2 .051 

5/II Night JXD 17 158 5040 .2 0 .235 0 .802 1 .764 1 .992 

6/II Day JYA 19 170 4879 .1 0 .315 0 .880 2 .169 1 .861 

6/II Night JYC 23 114 3995 .1 0 .347 0 .879 2 .473 2 .438 



VII Day KMT 10 188 2805 .9 0 .400 0.737 1 .500 1 .572 

1/II Day KUT 1 9 161 2245 .4 0.444 0.735 1 .512 1 .492 

1/II Day KUV 2 6 231 4441 .9 . 0 .500 0.725 1 .374 1 .481 Fr 
1/II Night KMV 9 64 984 .7 0 .222 0.433 1.034 1 .177 

2/II Day KOQ 14 71 2371 .3 0 .429 0.871 2.174 1 .623 

2/II Day KUX 1 9 21 1391 .6 0.555 0.828 1 .856 1 .234 

2/II Day KUZ 2 7 23 1207 .5 0 .571 0.794 1.639 1 .461 

2/II Night KOS 27 172 2588 .9 0 .259 0.815 2.404 2 .494 

3/II Day KRM 15 90 2980 .1 0 .467 0.880 2 .303 1 .922 

3/II Night KRO 25 222 7551 .3 0.280 0.856 2.356 2 .139 

4/II Day KNS 9 44 1083 .3 0 .444 0.790 1.794 1 .603 

4/II Night KNU 18 52 989 .5 0 .444 0.929 2 .624 2 .180 

5/II Day KPP 6 11 326.8 0.667 0.800 1 .540 1 .604 

5/II Night KPR 19 202 3769 .6 0 .315 0.817 2 .137 2 .420 

6/II Day KQN 17 163 3150 .2 0 .353 0.892 2 .094 2 .516 

6/II Night KWP 22 205 5182 .6 0 .272 0.829 2 .178 2.473 

TABLE 17 

TOTAL NUMBER OF SPECIES, TOTAL NUMBER OF INDIVIDUALS, TOTAL WEIGHT, Hn" AND Hw' 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 . Hn" Hw' 



1/I Day LXZ 20 1558 26090 .2 0 .250 0 .806 1 .886 2 .101 
1/I 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 
3/1 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 
5/1 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/II Day MIZ 7 38 549 .0 0 .571 0 .813 1 .704 1 .257 
1/II Night MJC 9 52 505 .2 0 .444 0 .768 1 .712 1 .594 
1/II Night MJX 1 11 157 1636 .0 0 .455 0 .814 1 .844 1 .650 
1/II Night M.7Z 2 16 148 1804 .9 0 .313 0 .831 2 .048 1 .737 
2/11 Day MLA 10 50 2026 .0 0 .500 0 .867 2 .040 1 .315 
2/11 Day IrIIvtC 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 
3/11 Night MIIdE 15 59 3555 .0 0 .400 0 .839 2 .080 2 .071 
4/11 Day mow 10 204 3600 .7 0 .200 0 .329 0 .778 0 .998 
4/11 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 
5/11 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/III Day MXB 11 745 9939 .2 0 .182 0 .299 0 .745 0 .573 
1/III Night MXE 22 581 1227 .1 0 .182 0 .701 1 .638 2 .480 

TABLE 18 

TOTAL NUMBER OF SPECIES, TOTAL NUMBER OF INDIVIDUALS, TOTAL WEIGHT, Hn" AND Hw" 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.I .E . Hn" HW" 



2/111 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/III 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 
5/111 Night NEP 20 110 1143 .3 0 .400 0.915 2 .610 2 .496 
6/111 Day NGF 9 17 2167 .1 0 .556 0 .875 1 .952 1 .315 
6/111 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/IV Night NIB 16 303 1357 .0 0 .250 0.701 1 .591 1 .851 
2/IV Day NJY 7 41 898 .8 0 .429 0 .704 1 .433 1 .488 0 
2/IV Night NKB 20 95 1638 .6 0 .400 0.868 2,462 2 .448 14 
3/IV Day NLV 6 16 521 .3 0 .667 0 .841 1 .663 0 .932 
3/IV Night NLY 12 34 1005 .0 0 .500 0 .869 2 .139 2 .279 
4/IV Day NNQ 18 409 11777 .7 0 .222 0 .618 1 .640 1 .164 
4/IV Night NNS 24 398 3514 .9 0 .208 0 .739 1 .929 2 .134 
5/iv 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/IV Day NRA 7 25 1708 .6 0 .571 0 .826 1 .700 1 .654 
6/IV Night NRC 3 4 163 .0 0 .667 0 .883 1 .039 0 .178 
7/IV Day NS6 8 56 3744 .2 0 .375 0 .618 1 .318 0 .905 
7/IV Night NSU 12 38 926 .9 0 .417 0 .769 1 .851 1 .955 

TABLE 18 CONT .'D 

Station/Transect Code Replicate Species Individuals Weight (g) E P .I .E . H�" HW" 



TABLE ,19 

TOTAL NUMBER OF SPECIES, TOTAL NUMBER OF INDIVIDUALS, TOTAL WEIGHT, Hn" AND HW" 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� " Hw" 

1/II Day OIP 8 72 1069 .0 0 .500 0 .710 1,485 1 .584 

1/II Night OIS 9 25 270 .9 0 .556 0 .893 2 .044 1 .962 

2/II Day OJQ 12 27 1074 .0 0 .417 0 .769 1 .906 1 .310 

2/II Day OJV 1 15 31 1577 .7 0 .467 0 .881 2 .333 1 .430 

2/II Day OJX 2 12 27 778 .9 0 .600 0 .897 2 .236 1 .815 

2/II Night OJT 14 42 685 .2 ' 0 .367 0 .765 1 .910 1 .996 

3/II Day OKV 9 18 783 .2 0 .444 0 .758 1 .714 1 .690 

3/II Night OKY 12 29 1585 .1 0 .500 0 .852 2 .086 2 .082 

4/II Day OLV 9 28 360 .2 0 .444 0 .780 1 .732 1 .482 

4/II Night OLX .15 44 439 .7 0 .467 0 .891 2 .317 2 .229 

5/II Day OMU 6 42 2361 .5 0 .333 0 .380 0 .845 0 .551 

5/II Night OMW 10 30 1139 .3 0 .500 0 .857 1 .976 1 .845 

6/II Day ONT 9 31 1157 .0 0 .444 0 .850 1 .697 2 .053 

6/II Night ONV 13 55 1577 .7 0 .462 0 .859 2 .088 1 .858 
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1/II Day OUT 8 29 745 .5 0 .800 0 .645 1 .171 0 .870 
1/II Night OUW 5 18 383 .9 0 .625 0 .869 1 .875 1 .648 
1/II Night RJS 1 7 23 509 .7 0 .571 0 .771 1 .492 1 .151 

1/II Night RJU 2 11 46 443 .8 0 .455 0 .809 1 .945 1 .990 
2/II Day OW 11 28 1218 .6 0 .545 0 .915 2 .246 1 .873 

2/II Night OVX 18 85 3030 .4 0 .444 0 .915 2 .565 2 .251 

3/II Day OWV 6 13 730.5 0,667 0 .820 1 .585 1 .244 

3/II Night OWY 12 35 1158 .1 0 .500 0 .887 2 .179 2 .047 
4/II 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 .223 2 .263 

5/II Day OYU 5 28 1409 .0 0 .800 0 .751 1 .478 1 .265 

5/II Night OYW 7 20 737 .6 0 .571 0 .821 1 .704 1 .754 
6/II Day OZT 8 16 855 .3 0 .625 0 .899 1 .960 1 .302 
6/II Night OZV 11 47 2064 .5 0 .545 0 .856 2 .056 1 .891 
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TABLE ,20 

TOTAL NUMBER OF SPECIES, TOTAL NUMBER OF INDIVIDUALS, TOTAL WEIGHT, Hn" AND Hw' 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 . Hn" Hw" 



1/I Day QYL 5 406 2985 .6 .200 .024 0 .082 0.132 
1/I Night QYO 13 42 515.0 .385 .806 1 .925 2 .238 
2/1 Day RAC 9 52 3180 .9 .444 .687 1 .511 1 .493 
2/1 Night RAF 12 38 500.9 .500 .877 2 .160 1.939 
3/1 Day RCF 4 16 763.9 .500 .616 1 .033 0.772 
3/1 Night RCI 11 36 1709 .0 .455 .861 2 .031 1.990 
411 Day RUW 3 60 573.5 .667 .287 0.504 0.768 
4/1 Night RAY 9 26 530.1 .444 .760 1 .695 1.377 ,r 
5/1 Day RFN 7 17 1058 .4 .714 .889 1.874 1.493 0 1 
5/1 Night RFP 10 46 3514 .6 .400 .806 1.781 1.716 0 
6/1 Day RHE 8 27 975 .4 .625 .849 1 .838 1.731 
6/1 Night RHG 12 46 1491 .7 .500 .839 2.059 2.099 

1/II Day RIZ 7 15 449 .5 .571 .819 1 .679 1.386 
1/II Night RJC 11 17 316.9 .545 .911 2 .196 2.052 
1/II Night RJE 1 11 26 622 .2 .545 .889 2 .147 1 .721 
1/II Night RTG 2 9 12 297 .1 .667 .939 2.094 1 .950 
2/11 Day RLA 6 31 1324 .6 .333 .402 0 .884 0.498 
2/11 Night RLD 13 39 1125 .2 .462 .818 2.191 1 .649 
2/11 Night RLF 1 10 36 670.4 .500 .823 1 .855 1 .822 
2/11 Night RLH 2 11 45 837 .7 .455 .853 2 .006 1 .905 
3/11 Day RND 9 36 1667 .9 .444 .787 1 .707 1.560 
3/11 Night RNG 9 25 1158 .0 .556 .873 1 .987 1 .731 
4/11 Day ROU 3 12 342.5 .666 .318 0.566 0.384 
4/11 Night ROW 8 28 434 .3 .500 .801 1.737 1 .839 
5/11 Day RQD - 9 13 1101 .3 .666 .935 2.098 1.847 
5/11 Night RQF 13" 117 3172 .1 .385 .801 1 .929 2.115 
6/11 Day RRM 8 31 1815 .6 .500 .804 1 .701 1 .336 
6/11 Night RRP , 12 36 1751 .0 .500 .887 2 .182 2 .001 

TABLE 21 

TOTAL NUMBER OF SPECIES, TOTAL NUMBER OF INDIVIDUALS, TOTAL 
WEIGHT, Hn" AND Hw" DIVERSITY INDICES, EQUITA-

BILITY (E), AND HURLBERT'S PROBABILITY OF INTERSPECIFIC ENCOUNTER (P .I .E .) FOR EACH SAMPLE IN THE FALL 

1976 COLLECTIONS . 

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



1/III Day RSX 12 50 1355 .3 .333 .738 1 .699 1 .435 
1/III Night RTA 17 187 5925 .0 .235 .675 1 .562 1 .113 
2/III Day RUV 20 457 9207 .7 .150 .588 1 .467 2 .163 
2/III Night RUY 17 122 3568 .1 .353 .779 2 .075 2 .210 
3/III Day RWX 9 29 1339 .9 .555 .857 1 .953 1 .425 
3/III Night RXA 14 181 5514 .8 .286 .713 1 .620 1 .871 
4/III Day RYO 4 30 998 .3 .500 .526 0 .950 1 .184 
4/III Night RYQ 11 130 2971 .3 .273 .630 1 .419 1 .446 
5/III Day RZX 16 144 3850.7 .250 .608 1 .492 1 .912 
5/III Night RZZ 20 207 2386 .8 .250 .758 2 .022 2 .297 
6/III Day SBG 11 80 1908 .5 .455 .842 1 .978 2 .016 
6/III Night SBI 16 131 3.098 .9 .313 .797 1 .948 2 .163 
'1/IV Day SCQ 8 35 437 .1 .625 .828 1 .826 1 .941 0 
1/IV Night SCT 13 248 1421 .1 .154 .376 0 .866 1 .479 
2/IV Day SEN 22 213 4902 .7 .364 .906 2 .583 2 .452 
2/IV Night SEQ 25 147 2279 .1 .320 .902 2 .605 2 .751 
3/IV Day SGM 8 70 3002 .6 .500 .797 1 .671 1 .643 
3/IV Night SGP 14 76 1173 .0 .357 .784 2 .019 2 .321 
4/IV Day SIE 12 36 648 .9 .500 .863 2 .121 2 .147 
4/IV Night SIG 13 73 1320 .9 .385 .772 1 .848 1 .629 
5/IV Day SJO 24 172 6235 .4 .333 .877 2 .505 2 .172 
5/IV Night SJQ 23 242 5897 .8 .261 .811 2 .176 2 .268 
6/IV Day SKY 22 128 3588 .9 .318 .823 2 .318 2 .517 
6/IV Night SLA 16 135 2759 .0 .313 .727 1 .799 2 .403 
7/IV Day SMI 7 31 519 .2 .571 .799 1 .661 1 .768 
7/IV Night SMllC 9 227 7191 .5 .333 .616 1 .216 1 .130 

TABLE 21 CONT .'D 

Station/Transect Code Replicate Species Individuals Weight (g) E P .I .E . H�" Hw' 



1/II Day VBB 9 25 627.9 0.444 0.783 1 .754 1 .791 

1/II Night VBF 11 42 667.2 0.364 0.731 1 .747 1 .696 

1/II Night VLG 1 3 3 92 .0 1.000 1 .000 1 .098 0.551 

1/II Night VLJ 2 11 30 411.9 0.545 0 .882 2 .127 1 .965 

2/II Day VCI 15 37 756.4 0.400 0.819 2 .131 1 .771 ~-' 0 
2/II Night VCM 15 67 2836 .4 0.467 0.873 2 .273 1 .758 

3/II Day VDP 9 66 3837 .3 0.444 0.798 1 .745 1 .515 

3/II Night VDT 10 81 3829 .0 0.400 0.772 1 .661 1 .535 

4/II Day VEV 4 51 765.0 0.250 0.151 0.356 0.607 

4/II Night VEY 11 40 940 .6 0.455 0.819 1 .949 1 .632 

5/II Day VGA 10 44 2646 .2 0.500 0.865 2 .044 1 .510 

5/II Night VGD 6 7 338 .3 0.667 0.952 1 .747 1 .432 

6/II Day VHF 15 77 4469 .4 0.467 0 .886 2 .285 2 .158 

6/II Night VHI 16 75 4582 .1 0.375 0 .838 2 .185 2 .167 

TABLE 22 

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

Station/Transect Code Replicate Species Individuals Weight (g) E P .I .E . Hn" HW" 



TABLE 23 

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

Station/Transect Code Replicate Species Individuals Weight (g) E P.I .E . Hr" HW" 

1/II Day VYY 9 19 343 .9 0 .556 0 .853 1 .935 1 .672 

1/II Night VZC 7 50 228 .4 0 .428 0 .677 1 .345 1 .429 

1/II Night VZF 1 9 41 231 .2 0.444 0.729 1 .605 1 .769 

1/II Night VZI 2 7 24 287 .6 0,571 0 .753 1 .535 1 .788 

2/II Day WAL 11 43 987 .8 0.545 0 .881 2 .128 1 .490 0 

2/II Night WAP 10 47 1360 .0 0 .400 0 .675 1 .571 1 .877 w 

3/II Day WBS 15 41 1098 .3 0 .467 0 .898 2 .363 2 .390 

3/II Night WBV 12 79 3450.3 0 .500 0 .864 2 .116 2 .207 

4/II Day WCY 5 15 407 .9 0 .600 0 .724 1 .353 1 .388 

4/II Night WDB l 11 64 848 .8 0 .273 0 .479 1 .186 0 .795 

5/II Day WED 11 26 2653 .8 0 .545 0 .910 2 .215 1 .645 

5/II Night WEG 13 68 2352 .3 0 .461 0 .834 2 .082 1 .902 

6/II Day WFI 12 43 1264 .4 0 .500 0 .856 2 .131 2 .063 

6/II Night WFL 12 64 2488 .5 0 .417 0 .834 1 .961 2 .016 
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The replicated data from the sample Tables 15-23 are summarized 

separately in Table 24 in calendar sequence . The number of species in 

the first sample, the additional species in the second, and the addi-

tional species in the third replicate are summarized in the columns for 

"No . of New Species" and for "Cumulative No . of Species", while the 

column for "No . of Species" pertains to the number of species actually 

observed in each sample listed in Table 24 . This table is included 

simply to indicate the degree of variability among observed and calculated 

values from about the best kind of replication possible in open-ocean 

trawl sampling techniques . 

For comparative purposes, yearly summary values from 1975 are repeated 

in Table 25 pertinent to Stations 1, 2 and 3 on each of the four transects ; 

the 1976 data for the same stations and transects are given in Table 26 . 

The analysis of variance of the several values, or their transformed 

values, are in Table 27 for the 1975 data, in Table 28 for the 1976 data, 

and in Table 29 for the combined 1975-1976 data . 

The approaches above on "bulk" characteristics of distribution and 

abundance quite obviously involve differences both in day and night col-

lections and in seasonal collections, apart from species differences that 

characterize the samples . To assess these differences in a more graphi-

cal way for comparisons with the other biotic and abiotic presentations 

over the STOCS area, a series of isopleth diagrams were prepared to show 

how the various numerical, weight and index values are spatially distri-

buted seasonally and during the entire year for combined data . These 

figures are as follows: 



differences throughout the 1976 station day-night pairs are presented 
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Figure Number Season Time Characteristics 

1 Winter Day Number of Individuals 
2 Winter Night Number of Individuals 
3 Spring Day Number of Individuals 
4 Spring Night Number of Individuals 
5 Fall Day Number of Individuals 
6 Fall Night Number of Individuals 
7 Combined Day Number of Individuals 
8 Combined Night Number of Individuals 
9 Winter Day Number of Species 
ZO Winter Night Number of Species 
11 Spring Day Number of Species 
12 Spring Night Number of Species 
13 Fall Day Number of Species 
14 Fall Night Number of Species 
15 Combined Day Number of Species 
16 Combined Night Number of Species 
17 Winter Day Biomass (g) 
18 Winter Night Biomass (g) 
19 Spring Day Biomass (g) 
20 Spring Night Biomass (g) 
21 Fall Day Biomass (g) 
22 Fall Night Biomass (g) 
23 Combined Day Biomass (g) 
24 Combined Night Biomass (g) 
25 Winter Day Hn" 
26 Winter Night Hn" 
27 Spring Day Hn" 
28 Spring Night Hn" 
29 Fall Day Hn" 
30 Fall Night Hn" 
31 Winter Day HW" 
32 Winter Night Hw" 
33 Spring Day HW" 
34 Spring Night HW" 
35 Fall Day HW" 
36 Fall Night HW" 
37 Winter Day PIE 
38 Winter Night PIE 
39 Spring Day PIE 
40 Spring Night PIE 
41 Fall Day PIE 
42 Fall Night PIE 

Note that the scales for the various isopleth units were simplified ; the 

key on each figure should be consulted for absolute values . 

Day-Night Comparisons 

The basic data for the,'Wilcoxon ranked sum testing of day-night 



TABLE 24 

REPLICATE TRAWL DATA INCLUDING ABUNDANCE (Hn") AND BIOMASS (HW") DIVERSITY INDICES, HURLBERT'S PROBABILITY 
OF INTERSPECIFIC ENCOUNTER (P .I .E .) AND EQUITABILITY (E) 1976 

No . of No . of Weight (g) 
Species Fish 

10 188 2805 .9 
9 161 2245 .4 
6 231 441.9 

9 52 505 .2 
11 147 1636 .0 
16 148 1804 .9 

S 18 383 .9 
7 23 509 .7 

11 46 443 .8 

11 17 316.9 
15 26 622 .2 
9 12 297 .1 

10 50 2026 .0 
9 94 2965 .3 

11 107 2417 .7 

14 71 2371 .1 
9 21 1391 .6 
7 23 1207 .5 

12 27 1074 .0 
15 31 1.577 .7 
12 27 778.9 

13 39 1125 .2 
10 36 670.4 
11 45 837 .7 

No . New Cumulative 
Species No . Species 

10 10 
3 13 
1 14 

9 9 
6 15 
5 20 

5 5 
4 9 
5 14 

11 11 
4 11 
4 19 

10 10 
4 14 
1 15 

14 14 
1 15 
1 16 

12 12 
7 19 
3 21 

13 13 
3 16 
1 17 

Station/ Date 
Transect 

1/II D April 8 KMT 
KUT 
KUV 

1/II N June 10 MJC 
mix 
M.1Z 

Aug . 7 OUW 
RJS 
RJU 

Oct . 6 RJC 
R3E 
RJG 

2/II D June 10 MLA 
MKC 
MME 

April 9 KOQ 
KUX 
KUZ 

July 18 OJQ 
OJV 
OJX 

2/II N Oct . 6 RLD 
RLF 
RLH 

1 .500 1 .572 .737 .400 
1 .512 1 .492 .735 .444 
1 .374 1 .481 .725 .500 

1 .712 1 .594 .768 .444 
1 .844 1 .650 .814 .455 
2 .048 1 .737 .831 .313 

1 .975 1 .648 .869 .625 
1 .492 1 .151 .771 .571 
1 .945 1 .990 .809 .455 

2 .196 2 .052 .911 .545 
2 .147 1 .721 .889 .545 
2 .094 1 .950 .939 .667 

2 .040 1 .315 .867 .500 
1 .137 1 .449 .493 .333 
1 .964 1 .948 .825 .455 

2 .174 1 .623 .871 .429 
1 .856 1 .234 .828 .555 
1 .639 1 .461 .794 .571 

1 .096 1 .310 .769 .417 
2 .333 1 .430 .881 .467 
2 .236 1 .815 .897 .500 

2 .191 1 .649 .818 .462 
1 .855 1 .822 .823 .500 
2 .006 1 .905 .853 .455 

0 
i 
o% 

Hn" HW" P.I .E . E 



Station/ Date No . New Cumulative No . of No . of Weight (g) Hn" HW" P .I .E . E 
Transect Species No . Species Species Fish 

1/II N Nov . 15 VBF 11 11 11 42 667 .2 1 .747 1 .696 .731 .364 
VLG 0 11 3 3 92 .0 1 .098 .551 1 .000 1 .000 
VLJ 3 14 11 30 411 .9 2 .127 1 .965 .882 .545 

Dec . 8 VZC 7 7 7 50 228 .4 1 .345 1 .429 .667 .428 
VZF 2 9 9 41 231 .2 1 .605 1 .769 .729 .444 
VZI 0 9 7 24 287 .6 1 .535 1 .788 .753 .571 

0 
i 
v 

TABLE .24 CONT .'D 
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TABLE 25 

SELECTED MEANS FOR BENTHIC FISH DATA, STATIONS 1, 2 AND 3, 1975 . 

No . of No . of 
H n" E P .I .E . Weight (g) HW" Species Indiv . 

Day 18 .03 322 .26 1 .95 0 .32 0 .76 6084 .1 1 .98 
Night 21 .08 272 .56 2 .07 0 .29 0 .78 6022 .4 2 .05 
Sta . 1 20 .13 464 .21 1 .86 0 .27 0 .73 6748 .7 1 .90 
Sta . 2 19 .75 213 .71 2 .18 0 .34 0 .81 3917 .7 2 .15 
Sta . 3 18 .79 214 .46 2 .00 0 .30 0 .76 7493 .3 2 .00 
Line I 20 .67 464 .89 1 .93 0 .26 0 .74 7223 .0 2 .04 
Line II 16 .33 221 .44 1 .96 0 .36 0 .79 4500 .7 1 .85 
Line III 19 .39 249 .83 2 .00 0 .29 0 .76 6803 .2 2 .07 
Line IV 21 .83 253 .67 2 .16 0 .29 0 .78 5686 .0 2 .10 
Winter 16 .75 245 .33 1 .77 0 .31 0 .72 5559 .8 1 .91 
Spring 22 .21 403 .54 2 .12 0 .29 0 .78 6268 .9 2 .14 

Summer 19 .71 243 .50 2 .14 0 .32 0 .81 6331 .1 1 .99 



SELECTED MEANS FOR BENTHZC FISH DATA, STATIONS 1, 2 AND 3, 1976 

10-59 

TABLE 26 

No . of No . of 
Hn1l E ~ P .I .E . Weight (g) HW" Species Indiv . 

Day 10 .56 189 .81 1 .52 0 .41 0 .69 3620 .5 1 .46 
Night 15 .44 173 .31 1 .91 0 .36 0 .77 2868 .9 1 .93 
Sta . 1 13 .46 343 .38 1 .51 0 .30 0 .66 2918 .3 1 .54 

Sta . 2 15 .88 155 .54 1 .86 0 .34 0 .73 3035 .4 1 .87 
Sta . 3 9 .67 45 .75 1 .77 0 .55 0 .81 1700 .4 1 .67 

Line 1 12 .83 316 .78 1 .59 0 .38 0 .71 5014 .8 1 .58 
Line 11 12 .78 116 .78 1 .80 0 .41 0 .76 3030 .3 1 .62 

Line 111 13 .22 166 .67 1 .65 0 .34 0 .70 3152 .2 1 .71 
Line IV 13 .17 126 .00 1 .81 0 .39 0 .76 1781 .4 1 .87 
Winter 14 .46 168 .83 1 .77 0 .34 0 .74 3100 .6 1 .84 

Spring 12 .54 268 .83 1 .64 0 .40 0 .73 4244 .9 1 .56 

Summer 12 .00 107 .00 1 .72 0 .40 0 .73 2388 .5 1 .68 



ANALYSIS OF VARIANCE OF THE VALUES COMPARED, STATIONS 1, 2 AND 3, 1975 

4 .7924E-2 6 .5377E-1+ 3 .8561E-1 

1 .2973E-2 2 .4392E-1 2 .2661E-1 

4 .3127E-3 7 .7917E-3 9 .6141E-2 

7 .1570E-2+ 2 .8836E-1 3 .3148E-1 

5 .7561E-2 5 .0191E-2 3 .6955E-2 

3 .3549E-2 2 .6070E-2 2 .0556E-1 

2 .3201E-2 7 .6619E-1* 1 .3295E-1 

1 .3041E-2 1 .6061E-1+ 6 .7394E-2 

4 .5258E-3 1 .5611E-1 8 .7826E-2 

8 .5088E-2+ 5 .9489E-2 4 .9029E-1+ 

3 .5069E-2 5 .6135E-2 2 .6869E-1* 

2 .2223E-2 2 .3159E-2 6 .6391E-2 

1 .7745E-2 3 .0092E-2 2 .8553E-1* 

2 .6672E-2 7 .0578E-2 9 .7692E-2 

1 .6353E-2 9 .0281E-2 8 .9364E-2 

NO 

o% 
0 

TABLE 27 

Log 
Source of df Species vrN- Hn" sin-lVE- 
Variation Number 

D, Depths 2 2 .2483E-3 2 .3105E+2+ 6 .3556E-1 3 .4462E-2 

L, Transects 3 8 .0670E-2+ 1 .3383E+2+ 1 .8954E-1 8 .8476E-2 

T, Times 1 8 .1430E-2 8 .5347E+0 2 .4690E-1 1 .4568E-2 

S, Seasons 2 1 .1542E-1+ 1 .3569E+2 1 .0377E+0 6 .8047E-2 

D x L 6 1 .0317E-3 7 .1477E+1 2 .7713E-1 1 .8003E-2 

D x T 2 1 .0850E-2 1 .2195E+0 2 .4866E-1 2 .8857E-2 

D x S 4 5 .1838E-2+ 1 .8046E+2* 3 .7550E-1 3 .8192E-2 

L x T 3 1 .4059E-2 2 .0377E+1 1 .2827E-1 2 .2653E-2 

L x S 6 2 .2643E-2 6 .1705E+1+ 8 .0132E-2 1 .1002E-2 

T x S 2 6 .1960E-3 6 .4020E+1 7'.5928E-1+ 3 .6317E-2 

D x L x T 6 2 .5913E-2 2 .3285E+1 2 .0888E-1 1 .1586E-2 

L x T x S 6 7'.2062E-3 1 .2922E+1 2 .6094E-1* 1 .0656E-2 

D x T x S 4 1 .9550E-2 2 .7581E+1 1 .9419E-1 1 .6831E-2 

D x L x S 12 8 .6748E-3 3 .0973E+1 1 .4689E-1 2 .4716E-2 

D x L x T x S 12 1 .5572E-2 2 .0669E+1 7 .5744E-2 1 .6059E-2 

Total 71 

* All comparisons at P <0 .05 . 

Half, or more, of comparisons at P<0 .05 ; remainder at about P - 0 .1 . 

sin 1 PIE Weight HW" 
(g) 



N 0 
o+ 
N 

TABLE 28 

ANALYSIS OF VARIANCE OF THE VALUES COMPARED, STATIONS 1, 2 AND 3, 1976 

Log Log 
Source of df Species T H " sin-' /-E sin iTE Weight H " 

1 Variation Number ° (g) 

D, Depths 2 2 .8083E-1* 5 .4382E+2+ 7 .9503E-1+ 3 .2214E-1+ 2 .2295E-1+ 4 .6556E-1 6 .5865E-1+ 

L, Transects 3 7 .2581E-3 7 .4832E+1 2 .1874E-1 1 .7730E-2 2 .4251E-2 1 .8557E-1 2 .9479E-1 

T, Times 1 6 .5889E-1* 4 .1180E+0 2 .7919E+0+ 5 .9033E-2 1 .2807E-1 6 .4508E-3 3 .8568E+0+ 

S, Seasons 2 6 .8602E-2 8 .1834E+1 1 .0687E-1 3 .8456E-2 2 .7826E-3 1 .3224E-1 9 .7345E-1 

D x L 6 1 .9343E-2 9 .0457E+1 1 .31370-1 2 .7392E-2 3 .6960E-2 2 .4293E-1 6 .1913E-2 

D x T 2 2 .1331E-3 1 .4315E+1 2 .5334E-1+ 3 .8690E-2 6 .0596E-2+ 5 .1486E-1 1 .2961E-1 

D x S 4 3 .1898E-2 1 .2653E+2+ 3 .6967E-2 3 .6969E-2 1 .2353E-2 3 .6497E-1 1 .0230E-1 

L x T 3 6 .6661E-3 3 .5819E+1 9 .8319E-2 1 .3993E-2 1 .3994E-2 3 .7550E-2 4 .1920E-2 

L x S 6 5 .4703E-2+ 8 .8097E+1 1 .3791E-1 1 .4959E-2 1 .9746E-2 3 .4200E-1 1 .9146E-1 

T x S 2 1 .7418E-2 5 .5653E+0 5 .2434E-1+ 3 .4887E-3 5 .2974E-2 8 .5522E-2 7 .9120E-1+ 

D x L x T 63 .1113E-2 2 .3038E+1 7 .2556E-2 2 .7709E-2 1 .6939E-2 2 .8208E-1 1 .1618E-1 

L x T x S 6 1 .0408E-2 4 .6872E+0 2 .8939E-1 2 .1223E-2 7 .7199E-2 1 .3363E-1 2 .9666E-1 

D x T x S 4 2 .9924E-2 1 .2076E+1 4 .0057E-2 2 .4457E-2 1 .5615E-2 1 .8354E-1 6 .9948E-2 

D x L x S 12 3 .9468E-2* 4 .0001E+1 2 .3623E-1 3 .5887E-2 4 .8399E-2 2 .5410E-1 2 .4127E-1 

D x L x T x S 12 1 .3727E-2 1 .9650E+1 1 .3097E-1 2 .2047E-2 3 .7633E-2 1 .0814E-1 2 .1329E-1 

Total 71 

* All comparisons at P<0 .05 . 

Half, or more, of comparisons at P<0 .05 ; remainder at about P = 0 .1 . 



Log 
Source of df Species T l1 " sin-1~ sin-1 PIE Weiht H w" 

Variation Number n X91 

9 .5403E-2 1 .0261E+0+ 

2 .5871E-1 4 .1155E-1+ 

3 .1631E-5 2 .5854E+0 

1 .2282E+0+ 1 .0619E+0+ 

1 .9233E-1 3 .8870E-2 

2 .8006E-1 2 .4729E-1 , 

6 .5725E-1* 9 .7535E-2 

8 .8888E-2 3 .5235E-2 

2 .3340E-1+ 1 .3368E-1 

6 .0846E-2 7'.8610E-1* 

1 .8752E-1 1 .0701E-1 

8 .4566E-2 1 .6003E-1 

1 .3761E-1 1 .5977E-1 

1 .5003E-1 1 .4758E-1 

1 .0951E-1 1 .7663E-1 

r 
0 
i 
01 N 

+ Half, or more, of comparisons at P<0 .05 ; remainder at about P = 0 .1 . 

TABLE 29 

ANALYSIS OF VARIANCE OF THE VALUES COMPARED, STATIONS 1, 2 AND 3, 1975-1976 COMBINED 

D, Depths 2 1 .5153E-1+ 6 .7650E+2+ 1 .3871E+0+ 1 .8232E-1~ 1 .7482E-1 

L, Transects 3 5 .0080E-2 2 .0159E+2 3 .2688E-1 3 .7062E-2 3 .3272E-2 

T, Times 1 6 .0179E-1* 3 .9796E-1 2 .3486E+0 6 .6127E-2 8 .9695E-2 

S, Seasons 5 3 .5906E-1* 2 .3279E+2+ 1 .0954E+0+ 7 .3686E-2 4 .1896E-2 

D x L 6 1 .3332E-2 1 .5103E+2* 1 .9169E-1 3 .9411E-2 6 .1006E-2 

D x T 2 1 .0058E-2 1 .0188E+1 3 .8935E-1 5 .1984E-2 2 .8368E-2 

D x S 10 5 .9783E-2 1 .4247E+2* 1 .7350E-1 6 .4701E-2* 3 .3433E-2 

L x T 3 5 .0191E-3 3 .8438E+1 5 .9552E-2 8 .1134E-4 9 .6727E-3 

L x S 15 3 .8508E-.2+ 6 .1346E+1* 1 .0350E-1 1 .4213E-2 1 .0499E-2 

T x S 5 3 .7151E-2+ 3 .0285E+1 6 .5140E-1+ 1 .7417E-2 6 .3763E-2 

D x L x T 6 1 .9202E-2 2 .1389E+1 7.9181E-2 2 .6096E-2 3 .8977E-2 

L x T x S 15 1 .0187E-2 1 .0595E+1 2 .5452E-1* 1 .9919E-2 4 .3241E-2 

D x T x S 10 2 .0375E-2 1 .6932E+1 1 .1823E-1 1 .9498E-2 2 .6989E-2 

D x L x S 30 . 2 .0666E-2 3 .0570E+1 1 .9661E-1 2 .5428E-2 3 .6731E-2 

D x L x T x S ..30 1 .9284E-2 2 .1114E+1 1 .2314E-1 1 .7892E-2 2 .4201E-2 

Total 143 

' All comparisons at P<0 .05 . 
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frequently during the night in 1976, while Table 32 includes those species 

occurring 10 or more times during 1976 for which no significant (P S 0.20) 

diel variation in trawl vulnerability was evident, based on analysis of 

data pooled over all seasonal and monthly periods . Note the much greater 

diversity of the nocturnal species in Table 31 as compared to either the 

diurnal species (Table 30) or the species indicating no significant diel 

differences (Table 32) . While nocturnal species are represented by 8'. 

orders, 27 families, and 50 genera (34 at P 5 0 .05), diurnal species include 

only 3 orders, 13 families and 16 genera (10 at P S 0 .05), and no differ-

ence species were represented by only 5 orders, 9 families and 12 genera . 
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in Table 7, Appendix H. For both numbers and weights of the individual 

species, the (1 - ¢) level, represented as (100 - a percent), is indica-

ted with the appropriate ranges and the degrees of freedom for the compari-

sons . Zero range values indicate that there were no "ties" in the compari-

sons of the ranked sums . The designation "Day" or "Night" indicates sta-

tistical significance at or above the 80°6 confidence level (P s 0.2) and 

*ND* indicates statistical difference below the 80% level (P > 0 .2) 

in Table 7, Appendix H. The comparisons in this table are for all 1976 

data combined and for all seasonal and monthly (Transect II collections 

only) periods where collections of the species in question were made 

during at least one of the two trawls at each station . 

Of the total number of species taken in 1976, 50 were predominantly 

caught at night and 16 predominantly during the day (at or below the 

P S 0 .20 level) . For data pooled over all seasonal or monthly periods 

in 1976, the species collected most frequently during the day with degrees 

of freedom, activity/associations, food habits, and feeding tactics are 

listed in Table 30 . The behavioral information was derived from various 

literature sources . 

In a similar manner, Table 31 is a listing of species collected most 



SPECIES COLLECTED MOST FREQUENTLY IN DAY TRAWLS 
(P :S 0 .20) DURING 1976, BASED ON YEARLY-POOLED DATA . 

ASTERISK INDICATES P < 0 .05 

Taxonomic Categories Degrees of Activity and Food Feeding 
Freedom Associations Habits Tactic 

Perciformes 
Priacanthidae (big eyes) 
*Priacanthus arenatus 25 B1-B2 C1 
Carangidae (jacks & pompanos) 
*G'hZoroscombrus chrysurus 47 B3 C6 

SeZcrr crumenophthaZmus 3 B3 C6 

*Trachurus Zathcvmi 135 B3 C6 
*Vomer setapinnis 25 B3 C6 

Gerreidae (mojarras) 
Eucinostomus crgenteus 3 
Sciaenidae (drums) 
Pogonias chromis 3 B1-B2 C3 

Mullidae (goatfishes) 
*Upeneus parvus 123 B1-B2 C2 

Sphyraenidae (barracudas) 
Sphyraena guachancho 3 B3 C1 
Trichiuridae (cutlass fishes) 
Trichiurus Zepturus 27 B3 C1 
Scombridae (mackeral and tuna) 
*Scomber japonicas 5 B3 C6 
Stromateidae (butterfish) 
*PepriZus burti 79 B3 C6 
Tetraodontidae (puffers) 
*LagocephaZus Zaevigatus 61 B1 C2 

D4 
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TABLE 30 

Clupeiformes 
Clupeidae (Herrings) 
HarercguZa pensacoZae 9 B3 C6 

Engraulidae (anchovies) 
*Anchoa mitchiZZi 11 B3 C6 

Myetophiformes 
Synodontidae (lizardfishes) 
*Saurida brasiZiensis 127 B1 C1 D2 

D1 



Anguilliformes : 
Muraenidae (morays) 
*Gynn2othorax nigrorrcarginatus 27 A1 Bl C4 Dl 
Muraenesocidae (pike congers) 
*HopZzcmzis macrurus 47 A1 B1 C4 D1 
Congridae (congers) 
*Congrina fZccva 23 A1 Bl . C4 Dl 
Ophichthidae (snake eels) 
*Ophichthus gomesi 21 A1 B1 . C4 Dl 

Myctophiformes : 
Synodontidae (lizard fish) 
Synodus poeyi 73 A2 B1. C4 D2 

Batrachoidiformes : 
Batrachoididae (toad fishes) 
*Porichthys porosissimus 105 Al B1 C4 

Lophiformes : 
Antennariidae (frog fishes) 
*Antercnarius radiosus 51 A2 Bl. C4 D2 
Ogcocephalidae (bat fishes) 
*HaZieutichthys aeuZeatus 95 A3 Bl' 

Gadiformes 
Bregmacerotidae (codlets) 
*Bregmczceros atZanticus 37 
Gadiidae (cod fishes) 
*Urophycis cirratus 15 C4 D2 
*Urophycis fZoridanus 41 C4 D2 
Ophidiidae (cusk eels and brotulas) 
*BrotuZa barbata 49 A1 AS B1 C1 D2 
*Lepophidiwrr graeZtsi 101 Al B1 C1 D2 
*Ophidion raetshi 15 A1 B1 C1 D2 
*Neobythites giZZi 11 A1 B1 Cl D2 

Perciformes : 
Serranidae (seabasses) 
*Centropristis phiZadeZphica 161 C1 
*Herramthias vivarcus 7 Cl 
*Serrcmus atrobranchus 165 C7 
SerranicuZus pwntitio 3 A4 C1 
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TABLE 31 

SPECIES COLLECTED MOST FREQUENTLY IN NIGHT TRAWLS 
(P :E 0 .20) DURING 1976, BASED ON YEARLY-POOLED DATA . 

ASTERISK INDICATES COMPARISON AT P < 0 .05 . 

Taxonomic Categories Degrees of Activity and Food Feeding 
Freedom Associations Habits Tactic 



TABLE 31 CONT .'D 

C1 D2 

C1 B1 

Tetraodontiformes : 
Tetraodontidae (puffers) 
*Sphoeroides parvus 97 
Diodontidae (porcupine fishes) 
G'hiZomycterus schoepfi 3 BI C2 D4 
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Taxonomic Categories Degrees of 
Freedom 

Apogonidae (cardinal fishes) 
*Apoqon auro Zineatus 13 
Synagrops spinosa 3 
Branchiostegidae (tile fishes) 
CauZoZatiZus intermedius 53 

Lutjanidae (snappers) 
*Pristipomoides aquiZonaris 147 
Lutjanus ecnrrpechanus 69 
Sparidae (porgies) 
*Stenotomus capriracs 163 
Sciaenidae (drums) 
*Equetus acrorrinatus 23 
Cynoscion arenarius 49 
Larimus fasciatus 27 
Mentieirrhus cvnericanus 27 
Polynemidae (thread fins) 
Potydactylus oetonemus 25 
Uranoscopidae (stargazers) 
Kathetostoma atbigutta 45 
Gobiidae (gobies) 
*Bo Z Zmannia comrrunia 67 
Scorpaenidae (scorpion fishes) 
*Pontinus Zongispinis 41 
Scorpaena brasiZiensis 9 
Triglidae (sea robins) 
*Pr2onotus larval 5 
Prionotus ophryas 7 
*Priortotus paraZatus 115 
*Prionotus rubio 145 
*Prionotus saZmonicoZor 15 

Pleuronectiformes : 
Bothidae (left eye flounders) 
*Citharzchthys spiZopterus 31 
*CycZopsetta chittendeni 83 
*E'ngyophrys senta 51 
*Etropus crossotus 23 
*Syacium gunteri 111 
*Trichopsetta ventrcztis 103 
Soleidae (soles) 
Achirus Zineatus 3 

Cynoglossidae (tongue fishes) 
*Sympl2urus parvus 11 
*Symphurus p Zczgiusa 45 

Activity and Food Feeding 
Associations Habits Tactic 

B1-B2 C7 
B1-B2 C7 

A1-B1 

C1 
B1-B2 Cl 

C4-CS D4 

B1-B2 C1 D4 
B2 C1 D1 

C1 
C1 

BI-B2 Cl D4 

A1 B1 C1 D2 
A2 B1 C1 D2 

B1 C1 D4 
B1 C1 D4 
Bl C1 D4 
B1 C1 D4 

A3 B1 C1 D1 D2 
A3 B1 C1 D1 D2 
A3 B1 C1 D1 D2 
A3 B1 C1 D1 D2 
A3 B1 C1 D1 D2 
A3 B1 C1 D1 D2 

A3 B1 C1 D1 D2 

A3 B1 C1 D1 D2 
A3 B1 C1 D1 D2 

B1-B2 C2,C4-CS D4 



Clupeiformes : 
Engraulidae 
Anchoa hepsetus 39 B3 C6 

Myctophiformes : 
Synodontidae 
Synodus foetena 159 A2 B1 C1 D2 

Lophiiformes : 
Ogcocephalidae 
OgcocephaZus species 63 A2 Bl C1 D2 
ZaZieutes megintyi 15 A2 B1 C1 D2 

Perciformes : 
Serranidae 
DipZectrum bivittatzon 63 A2, B1-B2 C4 D1 D2 
Sparidae 
Lagodon rhomboides 39 C1 D1 
Sciaenidae 
Cynoscion nothus 53 B2-B3 C1 D1 
Leiostomus xanthurus 19 C1 
Micropogon undzcZatus 49 B2-B3 C4 D1 D4 
Triglidae 
Frionotus stearmai 117 C1 D4 

Pleuronectiformes : 
Bothidae 
Aneytopsetta diZecta 41 A3 B1 C1 D1 D2 
AneyZopsetta quadroceZZata 23 A3 B1 C1 D1 D2 
Soleidae 
Gymnachirus texae 67 A3 B1 C1 D1 D2 
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TABLE ' 32 

SPECIES OCCURRING MORE THAN 10 TIMES DURING 1976 
AND INDICATING LITTLE OR NO DIEL VARIATION 

IN TRAWL VULNERABILITY (P > 0.20) 
BASED ON YEARLY-POOLED DATA 

Taxonomic Categories Degrees of Activity and Food Feeding 
Freedom Associations Habits Tactic 



food habits and food tactics were made based on literature reports, as indi-

cated by numerical references to materials listed in the bibliography of 

this report . Assignments represent the following general tendencies as 

reported in the references : 

1 . Activity (A) 

A1 . burrower 
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This indicates that it was more coon for a species to show some diel 

variation in trawl vulnerability than to show no difference between day 

and night collections in 1976 . These patterns are illustrated in Table 6, 

Appendix H, which reveals that, of the 62 species occurring nine or more 

times during 1976, only 13 were not collected in significantly greater 

numbers during either day or night . Of those 49 species occurring nine 

or more times and showing dtel trends, 10 appeared more often during the 

day (P S 0.20 with eight having P S 0.05), while 39 species appeared more 

often at night (P S 0.20 with 27 having P S 0.05) . 

Tables 30 and 31 show that of those species different at less than 

the 5% level, one of the day species, Seomber japonicas, and two of the 

night species, Prionotus larvae and Hemcrthias vivartus, have associated 

degrees of freedom less than 10 but these species, while collected at very 

limited times of the year and at very limited numbers of localities were 

collected exclusively during the diel period to which they have been assigned . 

Only Synodontidae and Tetrodontidae, and Sciaenidae contained genera 

in which one species was significantly diurnal and another nocturnal ; of 

these, the significance of the nocturnal collections of both the offshore 

lizardfish, Synodus poeyi (Synodontidae) and the least puffer, Sphoeroides 

parvus (Tetraodontidae), was fairly low (0 .20 5 P S 0 .95), as was that of 

the possibly diurnal black drum, Pogonias chromic . 

For Tables 30-32, assignments of activity and association tendencies, 



The analysis of data by six periods (essentially two-month inter-

vals) for those species that occur primarily at night (P < 0 .05), is in 

Table 33., .where the decreasing vulnerability of many species appears to 

occur toward the end of the year . For the diurnal species in Table 34, 

which is set up similarly to Table 33, the seasonal pattern is more 

irregular . Ten species that showed no significant differences between 

day and night vulnerability when the 1976 catch data were pooled did 

show significantly greater day or night differences within one or more 

of the seasonal and monthly periods as shown in Table 35 . 

zo-iii 

A2 . sedentary 
A3 . shallow burrower 
A4 . somewhat sedentary 
A5 . secretive 

2 . Associations (B) 

B1 . solitary 
B2 . forms small schools 
B3, forms large schools 

3 . Food habits (C) 

Cl . carnivore 
C2 . specialized Carnivore (involving distinctive structural 

specialization, such as the chemosensory barbels of 
Upeneus parvus ) 

C3 . molluscivore 
C4 . carnivore and scavenger 
C5 . omnivore 
C6 . planktivore (includes filter feeders as well as zooplank- 

tivores) 

4, Feeding tactic (D) 

D1 . stalker (generally visually oriented) 
D2 . ambusher 
D3 . cryptic angler 
D4 . searcher (may use other than visual means to locate prey, as 

in the Mullidae and Triglidae and Polynomidae) 



SEASONAL VARIABILITY IN TRAWL VULNERABILITY OF SPECIES COLLECTED PREDOMINANTLY AT NIGHT Ly 1976 (BASED ON 
POOLED DATA) . NUMBERS REPRESENT TABULATIONS FOR PERIODS WHERE P 5 0 .05 . DASH INDICATED SPECIES COLLECTED 

AT P ? 0 .05 ; BLANK SPACES INDICATE NO COLLECTIONS 

Total 
Degrees of March/ July/ November/ 

Species Freedom Winter April Spring August Fall December 

Prionotua rubio 145 39 - y9 17 25 13 
Serranus atnobranehus 165 33 19 
Lepophidiwn graeZZsi 101 29 17 5 15 -27 1 
BrotuZa barbata 49 5 9 
BoZtmcmxia canvrtweis 67 17 17 13 3 5 -
Porichthya porosiasimus 105 29 15 23 5 17 11 
Hoplurosia macrurue 47 15 13 13 15 -
Ophichthus gomeai 21 7 - 9 - 
Carigrina fZava 23 5 - 7 -
Bregmzceroa atZanticua 37 17 3 13 
Antennartius radioaus 51 23 - 9 - - -
Etropua erossotus 47 15 3 13 - - -
Trtichopaetta ventzYtZia 103 27 - 19 - 19 -
Syrrrphurus pcuwus 11 5 5 
Symphurua pZagtiuaa 45 21 - 13 -
Gynawthoras nigromarginatus 27 9 7 - 
C1rophyci.a fZoridanus 41 13 - 9 
Cyclopsetta chittendeni 83 21 - - - - 
Apogon aurolineatua 13 3 9 - - -
EngyaPhrys sercta 51 - 7 7 - -
Stenotomua caprinua 163 - 17 37 23 39 
Syaciwn gsotteri 111 - 11 25 - 21 -
Sphoeroides parvus 97 - - 19 9 25 y 
Centropriatis phiZctdeZphica 161 25N - 37 _ 39 
Priorrotus paraZatua 115 - - 29 13 21 - 
HaZieutichthys acuZeatus 95 - - 15 5 17 -
Citl:artichthys api.Zopterua 31 - - 7 3 - -
Ophidion weZahi 15 - 9 -
Priatiporroidea aquiZoraris 147 - - - 17 29 -
Pontinua Zongiapinis 41 3 - - - 11 -
Equetus acuminatus 23 - 3 3 - 5 -
Hemasthias viamtus 7 - 5 
Priortotua Larvae 5 
Prioxotus salmorcicolor 15 - - -
Neobythitea gitli 11 - - - -
Cynoscion ¢renariue 49 - - _ _ 

Total at P '_ 0 .05 18 14 26 11 18 4 
Totals - 35 species 35 32 35 27 30 23 
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TABLE 33 



TABLE 34' 

SEASONAL VARIABILITY IN TRAWL VULNERABILITY OF SPECIES COLLECTED PREDOMINANTLY DURING THE DAY IN 1976 (BASED 
ON POOLED DATA) . NUMBERS REPRESENT DEGREES OF FREEDOM TABULATIONS FOR PERIODS WHERE P :S 0.05 . DASH INDI-

CATES SPECIES COLLECTED AT P > 0.05 ; BLANK SPACES INDICATE NO COLLECTIONS 

Total 
Degrees of March/ July/ November/ 

Species Freedom Winter April Spring August Fall December 

c 
i 

u 

Total at P ~ 0 .05 
Totals 9 

6 2 6 2 6 3 
9 9 9 7 8 6 

Upeneus parvus 123 
Saurida brasiZiensis 127 
Traehurus Zathami 135 
GhZoroseombrus ehrysurus 17 
Triehiurus Zepturus 27 
Anehoa mitehiZti 11 
Pepritus burti 79 
LagoeephaZus Zaevigatus 61 
Vomer setapinnis 25 

25 17 - 11 - 11 
29 19 - - 23 15 
17 - 41 - 37 - 
S - 9 - 19 3 
9 - 9 
5 - - 
- - 27 15 15 - 
- - 29 - 13 - 
- - 9 3 7 



TABLE 35 

SEASONAL VARIABILITY IN TRAWL VULNERABILITY OF SPECIES COLLECTED DURING 1976 FOR WHICH NO DIEL VARIATION 
WAS APPARENT FROM ALL DATA POOLED (P ? 0.2) BUT FOR WHICH DIEL VARIATIONS WERE APPARENT (P f 0.05) WITHIN 
ONE OR MORE SEASONS . NUMBERS REPRESENT DEGREES OF FREEDOM TABULATIONS FOR PERIODS WHERE P S 0.05 . DASH 

INDICATES SPECIES COLLECTED AT P ? 0.20 ; BLANK SPACES INDICATE NO COLLECTIONS 

November/ 
December 

15D 
19D 

2 
7 

Symphurus diomedicmus 7 SN 
Synodus poeyi~ 73 21D - 15N 3D - 
CauZoZatiZus intermedius 53 - 7N 
Lagadon rhomboides 39 - 5N - - - 
Fikea mexicana 11 SN - 
Anehoa hepsetus 39 - - 13N - - 
Ancyelopsetta cruudroceZZata 23 5N 
Kathetostoma atbigutta 45 - - 11N - - 
Prionotus atecumsi 117 - 19D - - 
Synodus foetens 159 - 

0 
i 

Total at P :S 0 .05 
Total 10 

2 4 4 1 0 
8 8 8 7 9 

Total 
Degrees of March/ July/ 

Species Freedom Winter April Spring August Fall 



Station-Groups (Normal Analysis) 

The results of the normal analyses are presented in dendrograms in 

which the hierarchical relations of the groups are shown against a scale 

of relative dissimilarity . The scale of 0 to 200 actually represents 

dissimilarity values from 0 to 100 percent such that a reading of 80 

would represent a dissimilarity value of 40 percent . Station dendrograms 

for the three seasonal collections are presented in Figures 43, 45 and 

47 and maps showing the relative positions of stations within station-

groups appear in Figures 44, 46 and 48 . All three seasonal analyses showed 

strong depth relationships. In winter (Figures 43 and 44) the stations 
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Cluster Analyses of Sites and Species 

Cluster Analysis 

Test analyses were performed on spring data using the Bray-Curtis 

or the Canberra-Metric coefficient and group average or flexible sorting 

to determine the best method for the data . While group average sorting 

gave similar results to the flexible strategy in terms of station-groups, 

species associations were ill-defined and much more difficult to divide 

into meaningful groups . The Bray-Curtis coefficient gave more clearly 

definable results than the Canberra-Metric coefficient . The Bray-Curtis 

advantage is most likely due to the large number of zeros in the data 

matrices, a situation in which the Canberra-Metric measure has its most 

pronounced weakness . The dominance problem with the Bray-Curtis measure 

was minimized using a square root transformation of the raw data reducing 

the range of abundances from 0-2225 to 0-47 . Flexible sorting with B= -0 .25 

combined with the Bray-Curtis coefficient gave the best results in terms 

of station-groups and species-groups and was chosen as the best method 

of analysis for the data . 
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identical depth divisions as in the spring (Figures 47 and 48) . Depth 

ranges were 10-25 m (Station-Group I), 25-50 m (Station-Group II), 

50-80 m (Station-Group III), and 80-135 m (Station-Group IV) . Again, 

in the fall as in the spring, the most significant faunal break was at 

50 m, separating the two inshore groups (I and II) from the two offshore 

groups (III and IV) . Groups I and II also became more similar during 

the fall than they did in the spring so that the dissimilarity between 

Groups I and II were at about the same level as that between Groups III 

and IV, indicating that the turbulent zone fauna (Group I) which was 

significantly different from the Grnup II fauna in the winter and spring 

had begun to dissipate . 

Zoo misclassifications occurred in the Station-Groups, both in the 

winter analysis . No collections were made at Station 7/IV because of 

fell into three main groups in depth ranges from 10-30 m (Station-Group I), 

30-85 m (Station-Group II) and 65-135 m (Station-Group III) . The inclu-

sion of Station 6, Transect IV (6/IV), at 65 m in Group III caused the 

overlap in depth ranges between Groups II and III . All other stations 

in Group III ranged in depth from 90-135 m. Station-Groups II and III 

were more similar to each other than either was to Station-Group I making 

the most significant faunal division at about 30 m, separating the near-

shore (turbulent zone) fauna from the mid to deep-water fauna . 

Spring data showed four major groupings (Figures 45 and 46) . Depth 

divisions were 10-25 m (Station-Group I), 25-50 m (Station-Group II), 

50-85 m (Station-Group III) and 85-135 m (Station-Group IV) . The most 

significant faunal break during the spring season occurred at about 

50 m, separating Groups I and II from Groups III and IV . At the same 

time, Groups I and II showed more dissimilarity than Groups III and IV . 

Four major depth groupings also occurred in the fall with almost 



Transects II and III . Station-Group I claimed no stations on Transect II 

and, once again, Stations 4/I and 1/I showed a relative dissimilarity to 

the other Group I stations . However, in the fall, this dissimilarity was 

due not to the presence of a few very abundant species as in the winter 

and spring, but-rather to the relative absence of species and individuals . 
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difficulties encountered in trawling on the shelf drop-off in 180 m of 

water . For the spring and fall sampling periods, the station was moved 

to the edge of the shelf-slope transition zone at 130 m depth . Since no 

data were collected at 7/IV in the winter, the station was grouped with 

the more depauperate inshore stations and should be disregarded . The other 

misclassification involved Station 6/I which was grouped with the mid-shelf 

stations (Station-Group II) . After examination of the two-way table, 

the station was reclassified to Group III . 

Studying the seasonal station dendrograms for any north-south divi- 

sion, none become evident until fall . During winter and spring months, 

the only stations which show polarization within a group were Stations 

4/I and I/I in Station-Group I . During winter, large numbers of butter-

fish (PepriZus burti), atlantic croaker (Micropogon unduZatus), silver 

seatrout (Cyrtoscion nothus), bay anchovies (Anchoa mitehiZZi) and banded 

drum (Larimus fasciatus) set these two stations apart from the other 

Group I stations . In spring, large numbers of croaker, anchovies and 

drum again appeared in large numbers at these two stations, while the 

butterfish moved offshore and spread out over the Group II stations . The 

silver seatrout still appeared in large numbers at Stations 4/I and 1/I, 

but becomes increasingly prevalent at the other Group I stations with the 

highest concentration of individuals appearing south at Station 4/IV . 

The fall seasonal data showed a definite north-south split between 



Two misclassifications occurred in the species-groups during the spring 

10-124 

Station-Group II showed dissimilarity between the southern (1/II, 1/III, 

5/III and 5/In) and the northern stations (2/I, 2/II and 4/II) based on 

the numbers of species and occurrences . Those stations in the southern 

section produced 37 species with 96 occurrences while the northern group 

of stations produced only 24 species with 43 occurrences, a significant 

difference even though there was one less station in the northern section 

of Group II . The similarity of Station 1/II with stations on Transects 

III and IV may be temperature related . Bottom temperatures for the three 

northern stations ranged from 23 .6 to 27 .5°C while the southern stations 

including 1/II showed a temperature range of 27 .8 to 29 .2°C (temperature 

data from Smith, 1976) . Station-Group III claimed no stations on Tran-

sect I, possibly because there were no stations in the depth range (50-

80 m) of Group III in the fall season . The northernmost station in this 

group was 5/II which showed fewer species (16) than the average number 

(28) at the southern stations (2/III, 2/IV and 6/IV) . The deep-water 

group (IV) also supported the split between the northern depauperate 

stations and the richer southern stations . Stations 3/I, 5/I, 6/I, 

3/II and 6/II had only 23 species with 63 occurrences, while the southern 

group with one less station (3/III, 6/III, 3/IV and 7/IV) produced 30 - -

species with 62 occurrences . Overall, it appears that north-south dif- 

ferences were minimal until fall, or possibly late summer, when stations 

on the northern two transects (I and II) began to show a definite decline 

in the abundance of individuals and numbers of species . 

Species Groups (Inverse Analysis) 

The dendrograms from the inverse analyses showing species-groups 

for the three seasonal collection periods are presented in Figures 49-51 . 



for the three seasonal analyses were generally acceptable in terms of 

their associations . The mid-to deep-water groups contained a number of 

species which occurred throughout the year, including such common species 

as the blackear bass (Serranus atrobranchus), wenchman (Pristipomoides 

aquiZonaris), sash flounder (Trichopsetta ventraZis), largescale lizard-

fish (Saurida brasiliensis), longspine porgy (Stenotomus caprinus), 

mexican searobin (Frionotus paralatus) and the shortwing searobin (Prio-

notes steatmsi) . The shallow-water groups, however, changed considerably 

throughout the year with the most obvious change during late summer or 

fall . Abundant shallow species clustered together in the winter and 

spring, such as Larimus fasciatus, Anchoa mitchiZZi, Cynoscion nothus, 

the blackcheek tonguefish (Symphurua pZagiusa) and the fringed flounder 

(Etropus erosaotus), had either moved into deeper water or out of the 

study area by fall with the exception of the fringed flounder which 
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data analysis . The blackfin searobin, Prionotus rubio, was grouped with 

dominant shallow-water species (Species-Group 2) while showing high con-

stancy to the next deeper station-group as well . The misclassification 

most likely occurred as a result of the sensitivity of the Bray-Curtis 

measure to dominance since the searobin appeared in much larger numbers 

in Station-Group I than in Station-Group II . Frionotus rubio was reallo-

cated to Species-Group 6 which contains species showing high constancy 

to Station-Groups I and II . The other misclassification involved the 

yellow conger, Congrina fZcrva . Although the conger occurred only four 

times, it was grouped with species showing high constancy to Station-

Groups II, III and IV (Species-Group 7), and was reclassified to Species-

Group 5 . 

With the exception of these anomalies, the derived species-groups 



10-126 

eo ~q to 10 1.11 ~0 2P 1P I 

sAccsne crrRiscvs 

!LUTJANUi STN11GAi5 
SYNOOUS POCYI 
VIIIONOSi7S STCARNSL 
SCRMNUS ATROlMNCXUS 
CZNTAOPR[StIS 7NILIDELPNIG 
SAUI1[OA lMSILIfN323 
SrNOOU! FOCTLNS 
TRIGIOPSriYA VLtlRALIS 
IRISTIM)MOtDC4 AQVtLONAQIi 
STLfM40MUS CAPRINU! 

UPCNEUS P"RVUS 
tOR2CMTNTE IOItOSIESIMU! 

11MRIM1111IVf RAOL030S 
PRIOR=S RUSIO 

OCC'OCLf11AW! SPCGILS 
P"[ONOS+JS PAIIALATUS 

GTNNACiIINUS 1'Z7LtC 
XALIEVTIGfTMfS ACVLUTVS 

.1PIXAN AVIlOL2NCATUM 
CONGR2NA rUV71 
I417NL705tOM11 AWICVR71 
SYHPNURUS PLAGIU3J1 

ETRO"US G110490TVt 
MtNTICI111UtU3 .1M6RLCANYi 

RNOSGIOY AIILNA"IVS 
CITTfAl1ICMTIlYS SDIiAITLRUS 
CIILOROSC0.Y8RUS CXRlSU11V3 
?RACNUIIUS IATNAMI 
SYM"NUIIUS OLOM[D[aNYS 
XOPLYNNIS !IACAUW3 

GYMNOTNOMX YICIIONAIIGIYATUi 
LNGYOtNIIYS SiNTA 

90LLJIANNi .1 COIMUNSS 
CYCLOPSLTTA CMI1TL710LNI 
OPNICMTMUY a011LSI 

SYAC2UM aUNTCiIt 
GCMPMiO[UM GAAiLLSI 

7PNOLR0IDC3 PAAVUS 

JIPGCGTIIUM " [VI1T71TUN 
lIIt1 :.'MCLAO! A1'L1NtICt :i 

GYTJANUS C.1lIPCCMwNU3 

SYlVNUIIUS PAIIWS 

T1ILONOTUS S.1[J4ONiGOW" 
PONIINUS LONGISVIHlS 
OCCOOON PV6LUIlIS 

;ILO"YtMITL3 GSLtI 
A11L'YLAPaLSTA OiLiCTA 

iC011PA[NA lII"ILtLMiIi 
3ROTULt BMMTA 

CAUWIrATiGW IlIT[MLD[U3 
PIIIAG.LItMY3 AlllNATVS 

CQUi1Li ACUNI:MTUS 

UIIOPMTCTS ~IRMTUS 
,1NClWA NLPSLTV7{ 

L.~ IJIGOOON I1110MWLDC3 
SCOIO[Il IAfONICUi 

rcrAtws sunrt 
tr~~ua couIs:uMAs 

.rtclwPoc'.Ow uhoutaivi 
crNOSCtow vornut 

L ANCUOA "ITCMICLL 
U"IMUi "ASGSATU! 

I :"[CHIUIIUY LLl2LRUt 

atctttreR urcwurus 
uweHYCU rcouo"w 

A1ICYLOPSt'R11 OUAO&OCSLLATA 

Species-Group Dendrogram (Inverse Analysis) for the Winter 

Data . . Scale Across Top Represents Dissimilarity Values from 

0 - 100 Percent . 

Figure 49 . 



10-127 

lo o so ~o ~o 6o so 40 30 - - 20 to 0 

Monarvs teteuws 
eeevaoirrta ,uerrtu 
stect:ree w4ccowrus 
ratcncueus cevtvNus 

OPHtOtON wCLSNi 
PC111IGUS ALLPIOOTII 
G11[MV2 fA3C1ATVS 

ANC7IQ11 M[TGAILLI 
'IIC!10Pd'AM UNOUGTVi 

PO4YDwC!YLUS OCSONdU! 
ccsosrohus currxvRUs 
rsxriezaiwus ANeRtcArais 
cxhosc :oW Nor+vs 
ctraecton aRpuARtus 
aetonMe Awco 
anextoiesrrA ouAoaoccrrarA 
eMweosea+aMus eHRrwRUs 
nARSncuu Panacouc 
urchoA Hcrsctus 
voneR ssrarcNnu 
meows exossotvs 
AOMACAIITNVS NISPtDU3 
crohooow 4oscc:s 
OItTIiOPRLST13 CHtlSOfTLRA 

WRJMWt GWPCGMANUi 

LIGOOON 11N0l1lOIO[3 

0 "NtGl1TIIUS ^AMC3i 

711tSTLiOMOSDCS WUfiANAl1IS 

PRIQW1TU3 V7IMLATUS 

3LARA11U8 ATROMMIICXW 

'fltICNOlft2TA vQ1TMLIf 

GYtAt.atILUf fYiiRM[DIU" 

U1101XYCId t6pRIDANU7 

__AC 

t1I1lUf TWt 

~1NCYtAH[STA Ot[.tC7A 

PRSdC1NTNUE .IAtNATUS 

NALILUTSClITNTt ACUW'NS 

SY2IACWP3 SP[NOSA 

POhT2NU2 I.OMCIS![NLS 

S1UlIIIDA iMSLLti :lit3 

SiN00tJi fOCTCNi 

90LLAAMNIA COMlIUNIS 

CYCLOh1L1TA CNLTfGNOtMI 

B8LCMACCROS l1TL1NT[CUS 

3YNODU! POCYI 

POIIIC11Tt1Yi rOIW .fIiSLMUS 

PIl[ONOfU4 YTGIINSI 
ANT[NNA"IUS iAGt03Ut 
7YMvNUW3 ~A"VfR 

JuCOCEIXALY4 9l=lii 
XATMiSOSS01u1 ALJLGti'lLJ1 

dYAC2UM uUYTt11I 

~IqTUtJ1 iAll"ATA 
PCtMILW iYMI 
uca:snuws ucvtwtue 
tPMacNococs PARVUs 
;rnnwAua Pucsuta 
csroPecucuh aiucttsi 
Nwtu"ts :ucwuNw 
GYwNOtMOMY 'IfCl10MA" GIMATp! 
TMCHUMJS Ui11Al1I 
;LiRIqIIItSTii YMLLADCLPNICA 

iT[NO'IOPUS CAIRLNW 
Jrt1VtUS PAIIW! 

:OW:AfNA fGVA 

GvCYOPN11Y9 SiNTA 

;ITNARIdITNTO 3 "CLOITLW! 

i(IUCT11W1 5IV(TTAtUN 

nverse Analysis) for Spring Data . 
Dissimilarity Values from 0 - 100 

Figure 50 . Species-Group Dendrogram (I 
Scale Across Top Represents 



10-128 

too so ea ~o so so 4,0 lo :o ke 

NCMOA MGSL2U3 
ICROFGGON VNOUCAtV! 
Y.aSc:oa :,Mw 

YACIUM Gt7NTCAt 

IPC£CTAU!1 9IVI :TRSqM' 
PIW[110LOtS iA11W! 
UTJal1U1 CJ1MftC9AKYi 
LlOFNIOfUM CIIA[LLSL 
uus rcL1s 
caAPAenA aiuScczsas :s 
raovus :wasorus 
ScoieouahAeus caArsuMus 
STMAIIICYTMY3 ii2COPTL11U3 
uc :raslcnus cuu 
ue :aosrcwus ARccrTeuA 

Figure 51 . Species-Group ., I3endrogram (Inverse Analysis) for Fall Data . 
Scale Across Top Represents Dissimilarity Values from 0 to 100 
Percent . 

vaorxrc:a c:Riuns 
CONGAINA ?LAVA 
"iPOvxre:a !COPIDAMUS 
MMTLfrt15 IANft5Ptn13 
"e1CYLO"SLtTa C[L£GS71 
iRI3TI?)MOIOCS aOUItANJ1RIS 
PIIIOHOTUS I'AIU6ATV3 

iLRMMUS AT110"RA :iCNUS 
!AICHOOSLTTA ."LMTIIALLS 
cauLouT :tus c :rttprwtus 
rRAcHUNus cArnu,t 
cxnNAeeieus Texas 
xcoccrxAws sreeitt 
RRTNROS'MMl1 A[.aICIJTTII 
NALINTSGMTNYS MVLL7ITUJ 
:WCSV3 ACUMtNA'CJS 
NQIANTNiA$ YSV11N1$ 

aNT[HNA11IU5 RAOt0iY3 

SYMPNURUS O[OM[D[]1NUi 

SiNOLROICC3 OORSN.IS 

9CLL1Y011 ."1LI711Rf2 

PIIION01'V! O/NRYJIS 

lROTVtA aA1llAT11 

STLlq10MU5 CaPR[NUi 

CS.KROPf(STIS 1NILtDCL7M2G 

iYNOOUS MCTSYS 

U1t!ItU3 PAIIWS 

iAURIOA BMSILI=ISIS 
LAGOCEP11ALli3 L1CViG71TUS 
?lIOtq?US lUaIO 
:SGLO~SCTS'71 CNITC70CMI 
lOMCR SLTAPtmNIS 
iYNO0U5 70CYI 

-RIOtqlUS S-S,111Nf2 

-ORICNTMT! P01103ISSI`1US 

16PllIWi lU0.TI 

MI.YDACTfLU4 01-`COf1(11Ut 

.'RICMIUMIS LLPTVNUS 

.uicnus ruc:arus 
'YNOSCION ARENAAIUf 
A:ooaM axowwcau 
~ARenceic.a Peasaeous 
ioFcuNwcs MA4.AURUs 
'RtAcanTxus .ucnwsua 
;SIGYOPMIIYS iCNTA 
OLL^YINNIA C011MUNfi 



and their relationships to the three station-groups . Species-Group 1, 

which was not included in the table, was composed of only two species with 

one occurrence each at Station 2/II . Since one occurrence does not con-

stitute a faithful species for this study, both species and thus the 

group were eliminated . The major faunal division at 30 m was obvious 

with no blocks showing overlap between Station-Groups I and II . Species-

Groups 3, 6 and 7 were associated with the shallow Station Group I . The 

striped anchovy (Anchoa hepsetus) in Group 6 could have been reallocated 

to Group 3, but those species in Group 3 showed a small number of occur-

rences in Station-Group II while the anchovy did not . It was thought 

best to leave the species in its own group . Although Species-Groups 3 

and 7 represented the shallow station-group, they were separated because 

Group 7, including the butterfish, bay anchovy, silver seatrout and 

banded drum, showed no very high constancy values and was only indicative 

of Stations 4/I and 1/I . Group 3 species, including the fringed flounder, 

blackcheek tonguefish and southern kingfish (Menticirrhus arnericanus), 
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remained in somewhat smaller numbers in the shallow station-group . The 

red snapper (Lutjartus ccmpechcp2us), which was captured occasionally in 

mid-to deep-water in the winter and spring, had moved inshore in suffi-

cient numbers in the fall to show consistent occurrences at the stations 

in the shallow station-group . 

Station-Species Coincidences (Tao-Way Tables ) 

Tables 36-38 show information condensed from the seasonal two-way 

tables . Only those species showing VH or H constancy values and/or fidel- 

ity values are listed in the tables . Blocks show most representative 

station-group-species-group associations . 

Table 36 for the winter data shows six of the seven species-groups 



INFORMATION CONDENSED FROM THE WINTER TWO-WAY TABLE SHOWING ONLY THOSE 
SPECIES HAVING VERY HIGH (VH = 95-100 PERCENT) OR HIGH (H = 66-94 PER-
CENT) CONSTANCY (C) AND/OR FIDELITY (F) VALUES . SPECIES-GROUPS APPEAR 
DOWN THE LEFT-HAND COLUMN AND STATION-GROUPS WITH APPROXIMATE DEPTH 
RANGE ACROSS THE TOP . BLOCKS SHOW MOST REPRESENTATIVE STATION-GROUP-
SPECIES-GROUP ASSOCIATIONS . 

GROUP i GROUP Tr mm" =7 
10-30 m 30-45 n 65-135 m 

C r C F C e 
GROUP 2 

Synodw+ Paeyi 
Prionotua stearasi 
Ssrraaua atrohraacizua 
Centropristis philadelphica 
Saurida braailiensis 
Synodus foetena 
1MchopaetLa veaLralis 
Priatipaawidea aquilonaria 
Steaotomus caprinus 
IIpeneus parvua 
Porichttys porosisaiacus 
datennarius radiosus 
Pri.onotus rubio 
Prionotua paralatus 
lpogon aurolineatum 
Congrina tlava 

GROUP 3 
Syrtphurua plagiusa 
Etrooua crossotus 
Kanticirrhua americanua 
Cymoscion areaarins 
Citbarichthys spilopterns 

GROUP 4 
Hoplunais macruruo 
Gyasaothorax nigrcmarginatua 
Flzgyonnrfe septa 
apllmanrid COOCRllIIiD 

Cyclopsetta chiLtendeni 
Ophichthus gomesi 
Sqacium guateM 
Lepophidium graellsi 
Sphoeroidea parnis 
Diplac:xvm biTittatum 
Lutjaaus campeehaaus 
Symphurua parvus 

GROUP 5 
Pontimis longispinis 
Decadon puellaris 
Neotrythites gills 
Ancylopeetta dilecta 
Caulolatilus internedius 
Priacaathsu arena:ss 
Squetua aeuainasua 
Qrophyci3 cirratu3 

GROUP 6 
Anchoa hepsetua 

GROUP 7 
?epr:lus bur:i 
Sygnathw louisianae 
fynoscioa nothue 
uschos mitchilli 
Lariatua :aaciatua 
Trlchiurua lepturua 
incylopaetta quadroeellata 

FI H 
H H 

VH VH 
.'i 

VH 
VH H 
H VH 
H VH 
H 
H 

VH 
B H 

VH ii 
x S 

VH 
A 

B H 
VH 

H H 
A H 

VH H 
H 

H 
H 

H 
VH 
VH 

VH 

VH 
H 
H 

VH 
VH 
VH 

H VH 

H VH 
VH 

H H 
VH 
H 

Y VH 
VH 
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TABLE 36 

H 

VH 
VH x 

ii H 
H 
H 



INFORMATION CONDENSED FROM THE SPRING TWO-WAY TABLE SHOWING ONLY THOSE 
SPECIES HAVING VERY HIGH (VH = 95-100 PERCENT) OR HIGH (H = 66-94 PER-
CENT) CONSTANCY (C) AND/OR FIDELITY (F) VALUES . SPECIES-GROUPS APPEAR 
DOWN THE LEFT-HAND COLUMN AND STATION-GROUPS WITH APPROXIMATE DEPTH 
RANGE ACROSS THE TOP . BLOCKS SHOW MOST REPRESENTATIVE STATION-GROUP-
SPECIES-GROUP ASSOCIATIONS . 

GROUP Z GROUP II GROUP III mod N 
10-25 a 25-50 :n 0-85 -s 8 5-135 m 

C F C F C F C F 
GROUP t 

VH 
VH 

H 
VH 

VH 
VH 

H H 
VH 
7H 

VH VH 
H 

H 
H H 

V'd 
Y 

VH H 
V'd 

VH 

H H 4'H 
H H 

VH H 11H 
VH 
H H 

VH 
VH 

H 
VH 
VH H 
H H 
H H 
H H 

H 
H H 

H 
H 

H H 
7H VH 

VH 
H H 

'IH VH 
VH 

ii 
S 

VH VH H 
VH t 
H H VH 
H VH 

VH 

GROUP 8 
FhCrophrye asnta 
Diplectrwn bivittatum 
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TABLE 37 

GROUP 2 

GROUP 

GROUP 4 

GROUP 

GROUP 6 

GROUP 7 

Prionotus tribulua 
Hrevoortia gunteri 
Trichiurua lepturua 
Peprilus alepidotus 

Larimua fasciatus 
Anchoa mitchilli 
Polydactylus octonemus 
Leioatamua xanthurua 
Menticirrhus americamu 
Cynoscion nothua 
Cynoacion arenariua 
Ancylooaetta quadroeellata 
Chloroacanbrus chrysurua 
Harengula pensacolae 
Anchoa hepsetus 
Etropus erosaotus 
Ponacanthus nispidus 

Orthapristia chrysoptera 

Pristipanoides aquilonaris 
Prionotua paralatua 
Serranus atrobranchu3 
Trtchopsetta ventralis 
Halieutichthys aculeatua 
Synagrops apinosa 
Pontinua longispinis 

Congr'_na (lava 
Saurida braailieaaia 
Synodua foetens 
Hollaiannia coa¢nunia 
Cyclapsetta ehittendeni 
Hregnaceroa atlanticue 
Synodun poeyi 
Porichthya poroaissi=a 
Prionotus stearnzi 
Symphurua parvus 

P-ionotus rubio 
Syaciufn gunteri 
Brotula barbata 
Peprilua barb 
Lagocephalus laeviqatua 
Sphoeroidea parwa 
Symphurus plaqiusa 
Lepophidiuat ;rae2lsi 

Trachurua lathami 
Centropri3ti3 philadelphica 
Stenotomua caprinus 
Upeneus parvua 



INFORMATION CONDENSED FROM THE FALL TWO-WAY TABLE SHOWING ONLY THOSE 
SPECIES HAVING VERY HIGH (VH = 95-100 PERCENT) OR HIGH (H = 66-94 PER-

CENT) CONSTANCY (C) AND/OR FIDELITY (F) VALUES . SPECIES-GROUPS APPEAR 

DOWN THE LEFT-HAND COLUM AND STATION-GROUPS WITH APPROXIMATE DEPTH 

RANGE ACROSS THE TOP . BLOCKS SHOW MOST REPRESENTATIVE STATION-GROUP-

SPECIES-GROUP ASSOCIATIONS . 

GROUP iv 
8o-t? 

C e 

J'ri 
V'd 

H VH 
+~Fi 

GROUP in 
0-d0 
C e 

GROUP 1 
QroQhyci3 ci.-ratns 
Congraa (lava 
Pontimia longispinfs 
Ancylopaetta dilecta 

GROUP 2 
Prfstipamoidea aquilonaris 
Prionotue oaralatus 
Serraau,s atrobranchua 
'lrichopsetta ventral ;e 
Caulolatilus iatermedius 
15rachurus lathami 
Gymnachirus Cexae 
Kathetoatoma albigutta 
Equetus acuminatua 
Hemanthiaa vivanus 
Antennarius radiosua 

GROUP 3 
Sphoeroidea dorsalis 
3ellator militaris 

GROUP 4 
Stenotartus caprirsua 
Centrocristia philadelphica 
Synodua foetenn 
Qpeneus parvua 
Saurida brasilien3is 
Iagoeephalus laevigatua 
PrionoLUS rubio 
(.yclopaetta chitLendeni 
Syrsodus poeyi 
Prionotua stearnai 
Porichthys porosissi=a 
Peprilua burti 

GROUP 5 
Polydactylus octonemus 
Lariaiua fasciatus 
Hollmannia cortmnuiis 
Hicropogon undulatus 
C7noacfon nothus 

CROUP 6 
Syaci.un ,;unter3 
Diplectnua bivi:tati:m 
Sphaeroides parrua 
Lutjanus camoechanus 
Ariua ielia 
Etropuz croasotus 
Chloroacambrua chrysurus 
CStharichtiva apllopcerus 
_%cinoataemia argenteus 

VH VH 
H H H 
VH VH 
H H A 

H ii 
x x 
H 
H 

a 
VH 
H 

H 

a 

VH 

Vii Pd 
H VH 
H VH 

VH 
K H 

.H 
H H 

VH 
VH H 
YK 
H 
H 

H 
H 

H 

ii 
H 

VF! 
H K 

H 

H H 
ii 

YH H 
JFi H 

H 
H 

vH a 
H 
S 
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TABLE 38- 

GROUP I 
10-25 m 

C e 

K 

GROUP IZ 
25-50 :n 
C F 



sented by the two-way table for spring . More station-group overlap by 

species-group began to appear and the mayor faunal break shifted from 

30 m to approximately 50 m. Species-Groups 1, 2 and 3 all contained 

species highly constant or faithful to Station-Group I . Species-Group 1 

consisted of six species, all with five or less occurrences . Three of 

the species were faithful to the station-group and were fairly rare species . 

The cutlassfish (Trichiurus Zepturus) was the only species to show high 

constancy . This group of species was more representative of Station 4/I 

iaiss 

were found more consistently throughout the Station-Group I stations . 

Species-Group 4 showed - a strong relationship to the 30-85 m depth group 

with six constant and nine faithful species out of a total of 14 in the 

group . Those species showing both constancy and fidelity to Station-Group 

II were the silver conger (Hopturcrtis macrurus), spiny flounder (Engyophrys 

septa), naked gobq (EoZZmunnia corranurcis) and mexican flounder (CycZop-

setta ehittendeni) . Species-Group 5 consisted of 10 rare species, all with 

five or less occurrences . None were highly constant, but eight species 

were highly faithful to and thus characterize the deep Station-Group III . 

Species-Group 2 consisted of species which fairly consistantly represented 

the mid-to deep-water station-groups throughout the year . During the 

winter they were somewhat concentrated in Station-Group II with consid-

erable overlap into Station-Group III . Fifteen of the 20 species in this 

group had high constancy grades in Station-Group II while only six had 

constant occurrences in the Group III stations . Five of the seven most 

abundant species in this group showed high constancy in both station-groups . 

The five species were Serranus atrobranchus, Trichopsetta ventrcztis, Fris-

tipomoides aquilonaris, Frionotus rubio and the inshore lizardfish (Syno-

dus foetena) . 

Table 37 . shows the four site-groups and eight species-groups repre- 



than the rest of the station-group since all six species occurred at this 

station and no more than two of the species occurred at any other station 

in the station-group . Species-Group 2 consisted of species which were 

more consistent to the entire station-group but which were also most 

abundant at Stations 4/I and 1/I . Three species, the atlantic threadfin 

(PoZydactyZus octonemzcs), atlantic bumper (ChZoroscombrus chrysurzcs) and 

Cynoscion nothus were highly constant and faithful to Station-Group I . 

Thirteen of the 16 species in Group 2 showed high constancy and/or 

fidelity values . All five of the species in Group 3 occurred six or less 

times and were not indicative of any station, except Station 4/IV where 

all five species were present . Only the pigfish (Orthopristis ehrysoptera) 

showed a high fidelity value, but based on two occurrences only . Group 

8 consisted of three species, two of which were very highly faithful to 

Station-Group II (25-50 m) . Those two species, Engyophzys septa and the 

dwarf sand perch (DipZectrum bivittatwn) were both highly faithful to 

the 30-85 m depth group in the winter . The remaining four species-groups 

(4, 5, 6 and 7) all showed station-group overlap . Group 6 showed eight 

species with high or very high constancy values for Station-Group I and/or 

II . None of the species were faithful to one station-group or the other, 

but four, Prionotus rubio, Pepritus burti, the shoal flounder (Syacium 

gunteri) and the smooth puffer (LagocephaZus Zczevigatus) were constant 

in both station-groups . Species-Group 5 contained six species constant 

and five species faithful to Station-Group II and four species constant 

and none faithful to Station-Group III . Synodua foetens and the midship-

man (Porichthys porosissimus) were the only two species with constant 

occurrences over both station-groups . Species-groups 4 and 7 characterized 

Station-Groups II, III and IV (depth range 25-135 m) with Species-Group 4 
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condensed from the fall seasonal two-way table . The most notable aspects 

of the fall data were the complete lack of any species-group which exemp-

lified only the shallow-water station-group and the relatively smooth 

species transitions from station-group to station-group . Of the 26 

species which characterized the shallow Station-Group I in the spring, 

only three Syacium gunteri, Etropus crossotus and the least puffer 

(Sphoeroides parvus)(Group 6), had high constancy or fidelity values for 

Station-Group I in the fall . Six other species Lagoeephatus Zaevigatus 

and Prionotus rubio (Group 4) and G'hZoroscorrrbrus chrysurus, Cynoscion 

nothus, PoZydaetytus oetonemus and Larimus faseiatus (Group 5) which 

were associated with Station-Group I in the spring, had moved offshore 

with Group 4 showing constant occurrences in Station-Groups II (25-50 m) 

and III (50-80 m) and Group 5 showing five species faithful to Station-

Group II with only one constant species (Mieropogon unduZatus) . PepriZus 

burti which was found at a depth of 10-30 m in the winter and 25-50 m 

in the spring, occurred consistently at depths of 50-80 m in the fall . 
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leaning heavily towards the deeper water (85-135 m) and Group 7 more 

concentrated in the mid-depth station-groups (II and III) . Group 4 

had two species showing high constancy throughout the three station-

groups, Pristipomoides aquiZonarzs and Serranus atrobranchus . Trichop-

setter ventraZis and the pancake batfish (HaZieutichthys acuZeatus) were 

both highly constant and faithful to Station-Group IV . Group 7 also 

showed two species with high constancy throughout the mid- to deep-water 

station-groups . Those species were the rough scad (Traehurua Zathcvrti) 

and longspine porgy (Stenotomus eaprinus) . The rock sea bass (Centro-

pristis phiZadeZphiea) and dwarf goatfish (Upeneus parvus) occurred 

consistently in the two mid-depth station-groups (II and III) . 

Table 38 presents the four station-groups and six species-groups 



General Distribution and Abundance 

The overall 1976 collection records in Tables 1, 2 and 6 ; Appendix H. 

provide a good assessment of the samples in terms of species and their 

numerical and ponderal quantities . The species lists and relative abun-

dances for 1975 and 1976 samples were quite similar . Of the 131 species 

collected in 1976, additions or absences from the 117 species collected 

in 1975 were ordinarily relegated either'to relatively rare species or 

to "chance" occurrences of species which generally were invulnerable to 

trawl sampling . As in 1975, the 1976 frequency-rank plots were about the 
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The other 16 shallow-water species from the spring table appeared 

sporadically or not at all in the fall seasonal collections . Five 

species in Group 4 were consistently present at stations in Groups II 

and III . Those five species were Stenotomus ecxprinus, Centropristis 

phiZadeZphica, Synodus foetens, Sczurida brasiZiensis and Prionotus rubio . 

Species-Group 3 characterized Station-Group III and consisted of four 

species with fewer than four occurrences each . Only two, the marbled 

puffer (Sphoeroides dorsaZis) and the horned searobin (BeZZator miZitaris) 

were faithful to the group . Species-Group 2, associated with Station-

Groups III and IV (50-135 m), showed five highly constant species within 

the two station-groups : Fristipomoides aquiZonaris, Prionotus paraZatus, 

Trichopsetta ventratis, Serranus atrobranchus and Trachurus Zathcani . 

Group 1 species were fairly rare and only one, the longspine scorpion-

fish (Pontinus Zongispinis) showed high constancy and very high fidelity, 

while three other species, the gulf hake (Urophycis cirratus), the 

yellow conger (Congrtina fZava) and three-eye flounder (Aneylopsetta 

diZecta), had fidelity grades of very high . 

DISCUSSION 



25) with comparable data in 1976 (Table 26) revealed some rather great 

year-to-year differences . In all categories, the means for the number 

of species and numbers of individuals were greater in 1975 ; the Iin" mean 

values were higher in all categories, but one, in 1975, while the opposite 

was true for the equitability E values . In only two cases were the PIE 

values higher in 1976 . In all cases, the means of the various weight . 

categories and the corresponding Iii" values were higher for the 1975 

collections . The most likely initial explanation of the 1975-1976 

differences in these means would be that the 1976 trawling was accomplished 

without the net liner that was used in 1975 . An alternative explanation 

would be that the numbers, sizes and diversity indices actually declined 

after 1975 . A third alternative explanation would involve statistical 

chance, which is less likely . Since the epibenthic invertebrates fol-

lowed similar numerical, ponderal and species-specific declines in 1976 
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same with about half the species occurring with less than 10 individuals 

each . 

There appeared to be no unusual species occurrences and no unusual 

abundance patterns of individual species during the 1976 samplings, 

which were overall quite similar to the occurrences and patterns of 

the 1975 series . 

The variability of the individual values for the . replicates in 

Table 24,was rather large in many cases, with the numbers of individuals 

and weights in the triplicate samplings often varying by a factor of 

three or more . The nature of the calculations for the various indices, 

however, tended to make these values less variable among their repli-

cations . 

A comparison of seasonal data for Stations 1, 2 and 3 in 1975 (Table 



in 1976, the reduced diversity after 1975 is hard to account for, unless 

the fish in 1976 were generally larger in size in 1976 as a consequence 

of the larger mesh in the cod end of the trawl when the liner was absent . 

Currently, compilations of the length-frequency diagrams of the most 

abundant fishes over each of the seasons are being made for both 1975 and 

1976 . When these compilations are completed, a decision can be made 

whether or not the 1976 fishes averaged somewhat larger than those in 

1975 and, thus, enable an evaluation of the effect of eliminating the 

trawl liner . On the other hand, the Shannon index Hn" should reflect 

diversity without bias due to sample size, according to its original 

usage (feet, 1974, 1975 ; Goodman 1975) . Heip and Engels (1974) noted 

that the Shannon index of diversity has a normal distribution, which 

would not be affected by sample size, and that the index has some degree 

of superiority over other indices . Thus, the data summarized in Tables 

25-and 26. might logically differ in the event that there were real dif-

ferences between 1975 and 1976 as a consequence of biotic and/or abiotic 

environmental changes over and above those due strictly to "uncontrolled" 

statistical variability . At the present stage of data analysis and syn-

thesis between the two years, it is not likely that any simple explana-

tion based on physical conditions, temperature, e.g ., could account for 

the differences, which implies that there may be multiple biotic-abiotic 

interactions involved . 
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(Holland, this report), it is evident that any explanation of the dif-

ferences between 1975 and 1976 at equivalent sampling stations would 

have to be related both to invertebrates and the fishes and both to 

sessile and vagile organisms . 

Since the overall total number of fish species was slightly greater 



analyses in Tables 27,and 28 are the several instances when "seasons" are 

included in the two-way interactions, especially in combinations of seasons 

with depths (stations), times of day, and (to some extent) transects . These 

two-way interactions are of particular interest because they agree quite 

well with field observations, plots of the original variates over the 

various seasons, an analysis of day-night differences, and cluster 

analyses by seasons . The combined analyses of 1975 and 1976 data as 

summarized in Table 29 are useful in that they reinforce the single 
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On a comparable station basis, the collections in 1976 had fewer 

species and numbers of individuals, lesser biomasses, and lower ponderal 

and numerical diversities than in 1975 . No completely tenable explana-

tion has thus far appeared evident . 

The analyses of variance for the various measurements and indices 

were not particularly different from 1975 (Table 27) to 1976 (Table 28) 

in which the single effects were not accompanied with especially large 

mean squares, except for "depth", especially in 1976 . In 1975, the 

analyses showed little effect for "times" over the entire year ; yet 

during winter and spring, night catches predominated but not in late 

summer-fall . In 1976, there were definitely more species taken at 

night and the diversity indices were also larger than in daytime . There 

is no good explanation why the "seasons" category had relatively larger 

mean squares in 1976 wizen none of the measurements and indices were 

statistically interesting with respect to "seasons" in 1975 . (When 

individual species are considered in the later sections, it will be 

evident that major differences in single factor aspects of distribution 

and abundance are obvious.) 

The most obvious characteristic of the two-factor effects in the 



teristics differed in practially all cases throughout the year for day-

night pairs of isopleth diagrams . Also, the winter and spring gradients 

tended to be parallel and related to depth, while there was some indi-

cation of weak transect trends from north to south during the autumn . 

To expand on these conclusions, the preliminary master's thesis of Mrs . 

Elizabeth F. Vetter on day-night characteristics will be utilized in the 

following discussion, and the general clustering propensities discussed 

in the master's thesis of Mr . James F . Cole will be used more or less 

verbatim in the ensuing discussion . 
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factor and double interaction effects for the 1975 and 1976 separate 

analyses, even though the variates are at different levels in the two 

years . Analysis of variance in this form without replications can also 

indicate the general level of the overall "error" variances in that the 

triple and quadruple interactions tend not to be statistically signifi-

cant, and thus approach a reasonable estimate of the respective "error" 

variances that would be indicated by the replicated data from Transect II 

summarized in Table 24 . 

The analysis of variance for the various species counts, numbers 

and weights in individual collections and the various indices calculated 

from the samples are useful for a preliminary analysis of the overall 

effects of station depths, transects, time of day and season and various 

interactions of these effects . 

The isopleth plots in Figures 1 to 42 are particularly revealing 

o£ seasonal and day-night attributes of distribution and abundance 

characteristics . Because of the obvious nature of the diagrams, no 

extended discussion is given here, although several qualitative conclu- 

sions are immediately evident . 

It is obvious that patterns of abundance and distributional charac- 



schooling fishes, whereas the more numerous, predominantly nocturnal 

species listed in Table-31, tend to be more solitary . At the P = 0 .05 

level or less, 10 species were taken predominantly during the day and 

26 at night . Quite significantly, only the families Synodontidae, Tetrao-

dontidae and Sciaenidae had genera in which one species was diurnal and 

one species was nocturnal . 
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Day-Night Comparisons 

From the previous day-night isopleths and the analyses of variance, 

it is apparent that day-night differences existed between collection 

pairs, but data in a form such as that of Table~7, Appendix H, are 

required to separate individual species for day-night comparisons . 

To explain why a given species was taken predominantly at a parti- 

cular time on either a diel or seasonal basis, however, requires a con-

siderable knowledge of both the behavioral patterns of the fish and the 

characteristics of the trawl . A few examples illustrate some of the 

mayor features of the dependence of catches on fish behavior . Some 

fishes are caught more readily at night because of visual inability to 

recognize and avoid the trawl (Woodhead, .1966) . Emergence from or 

aggregation into diurnal shelter areas, dispersal or aggregation into 

defensively formed schools versus cases when individuals break away 

toward areas for feeding, among other factors, can be important in 

determining susceptibility to capture (Hastings et aZ ., 1976 ; Collette 

and Talbot, 1972) . A large literature on the behavioral patterns around 

high diversity niches, such as coral reefs, artificial reefs, oil rigs, 

etc., is available for many species, but the literature on behavior , 

for fishes on shelf plains with relatively soft bottoms is limited. 

The fish taken predominantly in the day (Table 30) are quite commonly 



nificant, the breakdown of comparisons of biomasses and numbers by seasons 

yielded seasonally significant differences (P <_ 0 .05) for some additional 

species. There was a trend toward nocturnal prominence in the spring and 

a diminished tendency for either day or night prominence in the fall . 

To continue involved analyses of biomass changes seasonally between day and 

night collections would require additional analyses of the growth and 

changes in vulnerability of the individual species throughout the year . 

Complications would arise even in the simplest case where all the indi-

viduals of one species became vulnerable at one season and remained 

vulnerable throughout the year, in which case the continued mortality 
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Among all species that occurred ten or more times throughout 1976, 

only 13 species (listed in Table 32.) definitely showed neither day or 

night trends in vulnerability to trawl sampling . Most of these species 

occurred much more than 10 times during the year . 

When the 1976 collections are broken up into approximately two-month 

periods, the day (Table 33) and night collections (Table~34) indicate that 

there are pronounced seasonal changes that tend to explain the reason why 

the season-by-time interactions in the previous analyses of variance tend 

to be significant, while the time factor is ordinarily not statistically 

significant for data pooled over the entire year as indicated in Tables 

27, and 28 . 

There is a tendency for both diurnal and nocturnal species to occur 

in the catches with increasing frequency from late fall and winter to the 

respective maxima in spring ; this tendency is reversed in summer so that 

by autumn there are minima for both day and night predominating species . 

When yearly pooled day-night comparisons were not statistically sig- 



Cluster Analyses of Sites and Species 

General Remarks 

In recent years, the utility of cluster analysis as applied to 

fishes has received some considerable emphasis . Horn and Allen (1976) 

give an excellent example of the application of cluster analysis in 

characterizing quantitatively the nature of California coastal environ- 
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through the year would gradually be reflected in progressively smaller 

catches . 

When there was no general statistical significance between day and 

night catches for the 1976 pooled numerical occurrence data, the data, 

broken down into seasons on the basis of both numbers of individuals and 

biomass, yielded statistically significant( :~ 0 .05)day-night differences 

for a maximum number of species in the spring and for a minimum number 

of species in the fall . 

There is insufficient knowledge of the life histories and behavioral 

characteristics of the various species to explain why they tend to reach 

their maximum vulnerabilities to trawling in terms of both day and night 

dominating species in the spring . Among the abiotic features, there is 

a need for further study of the effects of turbidity, light intensity, 

photoperiod and temperature as spring approaches . It is likely that 

these same features influence food supplies, especially the invertebrates, 

at this time . In addition to the biotic influences of feeding and food 

supply, the nature of feeding and growth rate along with spawning season-

ality, needs ultimately to be investigated for each of the species to 

ascertain why they may tend to have an increase in either diurnal or 

nocturnal vulnerability to sampling in the spring and a decrease in the 

autumn . 



Patterns of Distribution 

General patterns showed rather strong shallow-water species isola-

tion in the winter with the most abundant species occurring at Stations 

4/I and 1/I just south of Pass Cavallo which is the Gulf access to 

Matagorda Bay . Four of the most common species at these stations 

(Pepritus burti, Anchoa mitchiZti, Micropogon unduZatua and Cyrcoscion 

nothus) are known to move into the bays or the shallow water near the 

passes in winter (Gunter, 1945), with Micropogon zarduZatus spawning in 

late fall or early winter and accounting for the huge numbers of small 

croaker found at these two stations in the spring . Nine of 11 of the 

constant species in the shallow-water group remained constant in the 
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ments in terms of species composition . Jumars (1976) evaluated species 

diversity in terms of scaling of the sampling techniques for different 

species taken at different places, and concluded that there may be 

subtle differences in vulnerability due to diverse biological character-

istics of the species independently of their abundance . The problem 

of scaling quite obviously is in its initial stages of formulation ; 

the solution to problems involved in scaling collections that have many 

species is not presently at hand, except in situations where all indi-

viduals can be censused . The following discussions are based on the 

combination of day and night collections with equal weight on each . 

Whether this unweighted combination is justified, collection for col-

lection, locality by locality, and species by species, must await further 

theoretical and experimental research . However, the clustering tech-

piques as applied by various disciplines are not altogether eristic, 

but are often in agreement with general knowledge and experience with 

reference to the distribution and abundance of the species . 



25-85 m showed a considerable amount of species shuffling throughout the 

year . The two mid-depth groups in both spring and fall (Station-Groups 

II and III) which range from 25-50 m and 50-85 m in the spring and 

25-50 m and SO-80 m in the fall are discussed as single groups to allow 

comparisons to the winter 30-85 m depth group . Speaking only of species 

10-145 

spring and were joined by four other species which showed high constancy . 

One species-group (6) began to spread out in to the next deeper station-

group with four species (Prionotus rubio, Syacium gunteri, PepriZus 

burti and LczgocephaZus Zaevigatus) having high constancy values in both 

Station-Groups I and II . This small overlap caused the major faunal 

break to shift from 30 m in the winter to 50 m in the spring . By fall, 

however, only two of the highly constant species from winter and spring 

(Sphoeroides pazvus and Syaciton gunterz) remained constant in the shallow-

water stations . The midshipman, rock sea bass and red snapper moved in 

from deeper water and were present consistently in the shallow-water 

group . The disappearance or reduction of abundance of the majority of 

the shallow species in the fall reduced the dissimilarity of the Group I 

stations and they became more similar to the Group II stations with the 

mayor faunal division remaining at 50 m. This faunal reduction in the 

fall was most likely due to the high, persistent temperatures of shallow 

water areas during this time . Winter sampling produced 12 species faith-

ful to the shallow-water group, the spring 14 and the fall only four . 

Six species were repeated from winter to spring including : Etropus 

crossotus, Menticirrhus cbnerieanus, Cynoscion nothus, Anchoa mitchiZti, 

Lartimus faseiatus and the ocellated flounder (AncyZopsetta quadroceZZata) . 

E. erossotus was also highly faithful in the fall and was the only species 

to remain highly faithful to the shallow stations throughout the year . 

The mid-depth station-groups representing a depth range of about 



throughout the year which were highly constant to these groups alone . 

Those species were Prionotus paraZatus (winter), Trichopsetta ventraZis 

and HaZieutichthys aeuZecztus (spring) and the blackline tilefish (CauZo-

ZatiZus intermedius)(fall) . Fidelity patterns had a higher number of 

coincidences between winter and fall rather than between winter and 

spring as in the rest of the station-groups already discussed. Six of 

the nine species which were faithful to the deep stations in winter were 

also faithful in fall . Only one faithful species from the winter was 

repeated in spring and that species (PontinusZong2spinis) was faithful 

throughout the year . Trichopsettu 7JentrczZis was the only species, other 

than P. Zongisp2nis, to be highly faithful in spring and fall . Seven of 
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which showed high constancy to the mid-depth stations and those stations 

along, i.e . without also being highly constant in another station-group, 

9 species were represented in the winter, 12 in the spring and 11 in the 

fall . However, only six species were carried over from winter to spring, 

six from spring to fall, with only two represented throughout the year . 

Those two species were CycZopsetta chittendeni and Upeneus parvus . Con-

sidering those species faithful to the mid-water groups, the winter col-

lections showed 14 species, the spring collections seven and the fall 

collections nine . Six species retained their fidelity from winter to 

spring, but only one species (BoZZmannia corrnmcnis) remained faithful from 

spring to fall and was the only species with high fidelity in the mid-

water groups throughout the year . It is interesting that in the spring 

there were no species highly faithful to Station-Group III (50-85 m) 

and only three species showed high fidelity to the equivalent station-

group in the fall . 

At the deep-water station-groups, only five species were found 



Community Concepts 

The only widespread dominant species found was Serranus atrobranchus 

which had the greatest abundance within its species groups at 10 of 17 

associated stations in winter (Station-Groups II and III ; 30-135 m), at 

13 of 20 stations in the spring (Station-Groups II, III and IV ; 25-135 m) 

and at 14 of 20 stations in the fall (Station-Groups II, III and IV ; 

25-135 m) . Four minor dominant species appeared during winter and spring, 

but none appeared in both seasonal collections . In winter, Syacizon 

gut2teri dominated 7 of 9 stations within Station-Group II . Although 

S. gunteri remained constant at stations ranging from 10 to 85 m through-

out the year, Sphoeroides parvus became increasingly prevalent in spring 

so that S. gzazteri only dominated 5 of 12 associated stations while S. 

parvus dominated the other seven stations . In the spring, Micropogon 
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the nine faithful species which occurred in the winter were relatively 

rare so that the low repeatability in the spring was due either to 

absence of the species (four cases) or one or two occurrences outside 

the deep site-group (three cases) . 

All three of the depth zones showed considerable change throughout 

the year in terms of constant or faithful species when looked at indi-

vidually, but considering the mid- to deep-water station-groups as a 

whole, there were a number of species which usually occurred with high 

constancy in more than one mid- or deep-water station-group throughout 

the year . These species were Serranus atrobrunchus, Synodus foetens, 

Trichopsetta ventraZis, Pristiporaoides aquitonazris, Stenotomua caprinus 

and Prionotus paraZatus . .Although these were not the six most abundant 

species (abundance ranks for the year were 3, 24, 19, 15, 7 and 22, 

respectively) they were the most ubiquitous both in space and time . 



have similar ecological requirements and act as ".a unit in pattern of 

site distribution . No such groups were revealed in Petersen's original 

work . He sometimes listed a single species as characterizing a group of 

sites, sometimes it combined with one or more others, and elsewhere with 

yet others . The present study showed much the same, except that this 

analysis dealt in detail with many more species (62, 67 and 68 vs 12) 

which compounds the confusion . If the confusion is a real phenomenon 

then the community concept is weakened . These results support an inter-

pretation of benthic assemblages as points in space and time with each 

species responding to its own individual set of environmental determinants 

(Boesch, 1973) . Station-groups or "associations", therefore, seem to be 

segments of near continua of assemblages responding to complex environ-

mental (including temporal) gradients (Whittaker, 1970) . There is little 

justification for classifying the present species assemblages as tightly 

functioning units or as Petersen-type communities . However, a much more 

relaxed concept of what constitutes a community may be applicable . Mills 

(1969)_ defined a community as ."a group of organisms occurring in a par-

titular environment, presumably interacting with each other and the 
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unduZatus and PoZydczetyZus octonemus from Species-Group 2 were dominant 

at Stations 4/I and 1/II, respectively, while both species were co-domi-

nant at Station 1/I . By fall, both species had moved out to the next 

deeper station-group with the largest numbers of both appearing on 

Transects III and IV . Traehurus Zathami, which dominated 6 and 7 stations 

in Station-Group II and showed consistent occurrences throughout Station-

Group III and IV in spring, remained constant in the fall in all three 

station-groups but lost the dominant position to Serranus atrobranchus . 

Many concepts of the community assume that a group of species will 



Factors Affecting Distribution 

The faunistic zones recognized on the South Texas Outer Continental 

Shelf appear to be related to depth . It would seem that the nature of 

the substrate is concerned, but attempts to relate distribution to sedi-

ment type have failed . Day et at . (1971) also failed to find any corre-

lation between particle site and distribution of benthic invertebrates, 

while Field (1971) showed significant distribution-sediment type rela-

tionships and Day and Pearcy (1968) showed that zonation of benthic 

fishes was correlated to some extent with a subtle gradient in the 

sediment type and suggested that "faunal similarities are maintained 

in regions of sediment transition, and conversely, that factors other 

than sediment may govern the distribution of associations" . Seasonality, 

with its associated temperature variations and programmed reproductive 

cycles, is a strong influence, especially on inshore populations which 

tend to move in and out of bays in response to these factors . Tempera-

ture variation for the most shallow stations was as much as 14°C while 

that for stations deeper than 50 m was less than 3°C (Smith, 1976) . 

Since the temperature regime for offshore stations was rather stable 

throughout the year, seasonal variations in associations were most likely 

due to feeding habits or spawning migrations, suggesting that consider-

able life history work needs to be done before seasonal patterns can be 

fully understood . 

Salinity is most likely not a factor in governing faunal distribu-

tion in deeper waters . Seasonal variation over all stations was only 

about 7 ppt, and variation within any one season was only slightly over 
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environment, and separable by means of ecological survey from other 

groups" . 



seasons, there appeared to be some correlation to faunal zonation based 

on depth and station-group overlap by species-groups . Table 39, shows the 

station-group temperature ranges by season . In the winter, Station-group 

I had a temperature range (14, .3-17 .2°C) significantly different from 

Station-Groups II or III which showed approximately the same temperature 

variation (17 .8-20 .8°C and 16 .4-20 .8°C, respectively) . This was in 

accordance with the data presented in Table 36,showing no significant 

species overlap between Groups I and II or III . In spring, the Group I 

stations showed a considerable warming trend (22 .8-26.6°C) with tempera-

tures in all groups becoming more transitional . Group I was more dis-

similar to Group II (5 .5°C range) than Group III was to Group IV (3 .5°C 

range) which agrees with Table'37_which shows strong shallow-water zona-

tion with slight overlap into Group II and considerable species overlap 

between Groups II, III and IV . Overall temperature range was 9°C with 

the major faunal break occurring between Station-Groups II and III at 

about 21-22°C . By fall, the temperature range over all station-groups 

approached 13°C and the major faunal break occurred between 22° and 23°C . 

High inshore temperatures (28 .3-29 .3°C) seem to dissipate inshore fauna 

and the dissimilarity between Station-Groups I and II (5 .7°C range) was 

at about the same level as that between Station-Groups III and IV (6°C 

range) . The smooth transition of temperature over the larger temperature 

range was reflected by the smooth transition of species from station-

group to station-group (Table 38), 
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6 ppt (Smith, 1976) . However, the much greater salinity variation in 

the bays and passes throughout the year was most likely a factor affecting 

those shallow-water species which move in and out of such areas . 

Upon examining temperature ranges within station-groups and within 



IV 17 .6 - 20 .5 IV 16 .4 - 20 .9 
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TABLE 39 

TEMPERATURE RANGES (°C) WITHIN STATION-GROUPS BY SEASON . STATION-GROUPS 
ARE REPRESENTED BY ROMAN NUMERALS . 

TEMPERATURE DATA ARE FROM SMITH (1976) 

Winter Spring ~ Fall 

I 14 .3 - 17 .2 I 22,8 - 26 .6 I 28 .3 - 29 .3 

II 17 .8 - 20 .8 II 21 .1 - 23 .3 II 23 .6 - 29 .2 

III 16 .4 - 20 .8 III 20 .8 - 22 .1 III 19 .8 - 22 .4 



Depth Zonation 

In comparing the depth zonation of the present study to numerical 

analyses of benthic invertebrates in False Bay, South Africa (Field, 

1971) and on the shelf of North Carolina (Day, Field and Montgomery, 

1971), similar results were found . In North Carolina, sampling was 

conducted at 10 stations from the intertidal to the continental slope at 

200 m while in South Africa, sampling was in a bay using eight stations 

ranging in depth from 2 to 100 m. Using methods similar to those employed 

here, four faunistic zones were recognized in both studies, although 

two of the North Carolina zones Untertidal and slope) were beyond the 

range of this study, as well as the one in South Africa . The North 

Carolina turbulent zone (3-20 m) and the South African inner and outer 

turbulent zones (2-8 m and 16-23 m, respectively) correspond to the 

shallow-water turbulent zone in the present study (10-30 m), suggesting 

that a shallow-wader faunal zone is most likely represented throughout 

the world's oceans in areas which are unprotected from turbulent wave 

action . The North Carolina outer shelf zone (40-120 m) and the outer 

shelf (38-58 m) and upper slope (80-100 m) zones of False Bay correspond 

to two groups in the winter (Station-Groups Ii and III ; 30-85 m and 

85-135 m) and three in spring and fall (Station-Groups II, III and IV; 

25-50 m, 50-80(5) m and 80(5)-135 m) in the comparable analyses of 

South Texas OCS stations . Attempts to relate South Texas faunal zones 

with other benthtc fish studies using similar methods resulted in problems 

dealing with much greater depth ranges . For example, Haedrich et aZ . 

(1975) sampled off New England at depths ranging from 140 to 1928 m, and 

Day and Pearcy (1968) sampled fishes off Oregon from 42 to 1829 m. 

Neither study sampled the turbulent zone fauna and the faunal zones 
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depth and temperature dependent . There was no direct evidence that 

zonation was related to salinity or sediment type . It is not suggested 

that there are sharp changes between zones in nature, but the distribution 

of individual species suggest that they intergrade and the apparent 

distinctness of zones is caused in part by the distance between sampling 

stations . 
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described were of a greater scope than the entire study area of the 

present study . 

Sanders (1968) suggested that the diversity of a fauna increases as 

environmental stress decreases . It is interesting to see how this 

theory applies to faunistic groups along the South Texas Outer Continen-

tal Shelf . The mid-depth zone (25-85 m) appears to be the most diverse 

throughout the year, consistently showing higher numbers of highly 

constant species than either the shallow or the deep zones . According 

to Sanders (1968), harsh environments are populated by a few highly 

specialized species, though those that can tolerate such conditions may 

be present in large numbers since there is little competition . In areas 

where environmental conditions are less severe, there is more interspe-

cific competition and the diversity rises . Changes in diversity in the 

present study support Sander's theory . A low diversity was found at 

the shallow stations where conditions were severe due to wave action, 

turbidity and extremes of temperature . The diversity increased as 

conditions improved and remained high until water depth reached about 

85 m . This decrease in diversity on the outer edge of the shelf showed 

that conditions were poorer than on mid-shelf areas, but the reasons 

for this were not clear . 

The seasonal faunistic zones recognized in this study appear to be 



species ; predominantly nocturnal species tended to be solitary . Ten 

species were predominantly diurnal and 36 were nocturnal at a statistical 

level of P < 0.05 . Synodontidae,Tetraodontidae and Sciaenidae were the 

only families in which one species was nocturnal and one species was 

diurnal . There was a pronounced tendency for both predominating diurnal 

and nocturnal species to be at a minimal abundance in autumn with a slow 
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CONCLUSIONS 

The 1976 collections generally resembled those of 1975 with no 

unusual patterns of either abundance or distribution . 

On a station to station basis, the 1976 collections had fewer species 

and numbers of individuals, lesser biomasses, and lower ponderal and num-

erical Shannon diversity indices than in 1975 . No completely tenable 

explanation has appeared evident for the 1976 decreases in these measure-

ments . 

The analyses of variance for the various species counts, numbers and 

weights in individual collections, and the various indices calculated from 

the samples were useful for preliminary assessment of the general effects 

of station depths, transects, time of day, season and interactions among 

these effects . The most usual effects that had statistically significant 

levels involved interactions with seasons . 

Numbers of species, biomasses, numbers of individuals, and the various 

indices of diversity for the individual stations plotted as isopleths 

differed in almost all cases between day and night throughout the year . 

The winter and spring gradients of these isopleths tended to be parallel 

and more or less related to depth, although there was some indication of 

north-south gradients during the autumn . 

Fish taken predominantly during day sampling were commonly schooling 



Zonation appeared to be depth related, with temperature and seasonal 
migration patterns influencing the species associations ; 

There was no direct evidence that zonation was related to salinity 
or sediment type ; 

The shallow-shelf turbulent zone has a low species diversity through-
out the gear, with especially high numbers of individuals in winter 
and spring ; 

The nearshore faunal associations dissipated during the late summer 
or autumn when shallow water temperatures were highest ; 

Mid- and deep-water associations were somewhat more stable throughout 
the year with the mid-shelf groups of species having the highest 
diversity ; 

North-south gradients were minimal except during autumn when weak 
species associations developed to show that the northern two tran-
sects were slightly different from the southern two transects ; and, 
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rise to maxims abundance in spring . When there were no significant 

day-night differences among the pooled numerical occurrences, and when 

the data were broken down into seasons for the detection of differences 

in both numbers and biomasses, there were significant (Ps 0.05) day-

night differences for a maximum number of species in the spring and for 

a minimum number in the autumn . There appeared to be no simple explana-

tion for the seasonal changes in diel sampling vulnerability . 

Cluster analyses by use of the Bray-Curtis coefficient and flexible 

sorting technique with "normal analysis" with species as attributes of 

stations, indicated there were three station groupings in the winter and 

four groupings in the spring and autumn seasons . When stations were used 

as attributes of the species by "inverse analysis", there were seven 

species-groups formed from winter data, eight from spring data and six 

from autumn data . By use of two-way coincidence tables (see Tables 36, 

37 and 38), the relationships between station-groups and species-groups 

became evident . The evaluation and interpretation of the cluster analyses 

also indicated that : 



All faunal zones had evidence of considerable species "shuffling" 
during the year, which suggested that Petersen-type species-dominated 
communities did not persist in the shelf areas that were studied . 
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No pathological conditions were found in the echinoderms . 
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ABSTRACT 

A total of 1152 organs from specimens representing 18 species were 
studied . There were 93 specimens of shrimp, representing five species 
and one stomatopod ; 84 specimens of crabs, representing six species ; 44 
specimens of molluscs, representing four species ; and 11 specimens of 
echinoderms, representing two species . 

In the shrimp, the most common pathological condition of internal 
organs was due to nematodes . The most common symbionts in shrimp gills 
were ciliates . The most common gill pathology other than symbionts was 
deformed gills with excess cellularity and atrophy (etiology unknown) . 
Shrimp had the lowest percentage of pathologies other than symbionts in 
internal organs . 

In the crabs, nematodes were the most common symbiont of internal 
organs . The most common symbionts in the gill were unknown . The most 
common gill pathologies other than symbionts were small cell aggregates . 
Crabs had the lowest percentage of symbionts in tissues and the highest 
percentage of pathologies other than symbionts in internal organs . 

Molluscs had the highest percentage and largest variety of symbionts 
in their internal organs . Trematode larvae were the most common symbiont . 
Molluscan gills were free from symbionts except for some bacteria infec-
ting a few squid gills . Mollusc gills had the lowest percentage of path-
ologies other than symbionts . 



Texas Outer Continental Shelf, no histopathologicai survey of marine inver-

tebrates has been made to our knowledge . Examples of the only kinds of 

histopathological literature available are reports of a specific pathologi-

cal condition in a single species (Barry et aZ ., 1971) ; a specific path-

ological condition in a particular group of animals (Solangi and Lightner, 

1976) ; a general type of pathological condition in a particular group of 

animals (Sprague and Couch, 1971) ; and general reports which mention only 

a relatively few specific animals (Sparks, 1972) . Most reports of patholo-

gical conditions were concerned with commercial species (Cheng, 1967) . 

We studied only two commercial species . 
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INTRODUCTION 

The purpose of this work element was to report the histopathologies 

observed in invertebrate epifauna collected at Stations 1, 2 and 3, Tran-

sect II . Five cruises were conducted (July 22-23, August 12-13, October 

1-2, November 5-6 and December 3-4, 1976) . 

The collection of three species per station, five specimens per 

species and the examination of five organs per specimen was required . 

This was a total of 45 specimens and 225 organs per cruise, and 225 speci-

mens and 1125 organs during the year . {Whenever possible, extra species 

and specimens were collected to provide supplemental material if needed . 

Reported herein are 232 specimens (seven extra) and 1152 organs (27 extra) . 

The normal histology of most marine invertebrates has not been pub-

lished . The majority of the reports in the literature are on species dif-

ferent from those of this stud;, (Shaw and-Battle, 1957) . However, 

generalities can be made between the same tissues of a specific group of 

animals, such as bivalves . 

Except for BLM environmental studies of regions other than the South 



Usable specimens were placed in a tank with running seawater . One specimen 

at a time was brought into the dissecting area, measured, sexed (if possible) 

and various organs were dissected if the animal was large enough . If the 

animal was too small to dissect properly, it was opened to allow penetra-

tion of the fixative as follows : shrimp - the abdomen was severed from the 

cephalothorax, a small central dorsal portion of the carapace of the cepha-

lothorax ?vas removed after which the front of the head just behind the eyes 

was cut off ; stomatopods - the abdomen was severed from the cephalothorax, 

sharp edges of abdominal segments and thoracic appendages were cut off and 

the front of the head just behind the eyes was removed ; crabs - the legs 
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In the literature concerning parasites of marine invertebrates, all 

of the parasites have been identified, at least to genus . Since the maj-

ority of pathological conditions found in the invertebrates in this study 

were due to parasites, identification of the parasites would be helpful . 

However, most parasites cannot be fully identified by means of sectioned 

material, but require the investigation of the whole parasite (helminths 

and arthropods) or live material (bacteria and most protozoans) . Since 

these types of investigations are not possible in this work element, only 

general classification of the parasites were made . 

MATERIALS :'AND METHODS 

Invertebrates generally bury in the mud during daylight and emerge 

at night . Therefore, departure was at a time so as to arrive at Station 1 

at dark, after which we proceeded to Stations 2 and 3 . Specimens were 

collected in a 35-ft (10 .7-m) otter trawl which was towed for 15-45 minutes, 

depending upon the availability of the animals . More than one trawl may 

have been taken per station . 

Animals were removed from the otter trawl and sorted immediately . 



priate-sized tissue capsules, wrapped in cheese cloth or placed in perfor-

ated plastic bags with a label and immersed in Zenker's fixative (Lillie, 

1965) for 12 to 24 hours . They were then rinsed in running tap water for 

18 to 48 hours and placed in 70% ethyl alcohol until further treatment . 

At this time, dissection was completed . Further dehydration, clearing and 

infiltration with paraffin were completed in an automatic tissue processor 

(on loan from the Department of Biology, Texas A&M University) following 

a similar schedule as given in Humason (1972) . Final paraffin embedding 

was done by hand . 

Sections were cut at 6 um, mounted on cleaned, labeled slides and 
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were removed, the dorsal carapace was opened from the posterior end, 

leaving the anterior end attached, and a cut was made into the muscle 

mass just anterior to the fourth leg ; bivalves - specimens were carefully 

shucked and the adductor muscle was incised if necessary ; if the specimens 

were too large to fix whole, they were cut into several portions ; squid -

the mantle was cut along the ventral midline and the animal spread open ; 

heart urchin - the test was broken open on the aboral side ; and, starfish -

the arms were injected with fixative and severed . Organs not dissected on 

board ship were dissected in the laboratory with the aid of a dissecting 

microscope . Small organs were easier to dissect after fixation as less 

damage occurs to fixative-hardened tissues . Bivalves, regardless of 

size, were not dissected as they have a small coelomic cavity and most 

organs cannot be dissected without destroying the surrounding organs . 

Different organs were studied in different types of animals as shown 

in Table 1 . Since the organs of bivalves were not dissected, sections 

were made in the areas of the desired organs . 

Dissected organs, parts of, or whole animals were placed in appro- 



TABLE 1 

ORGANS STUDIED 

Digestive 
Gland Intestine 

r r 

r r 

r r 

J J 

r 

J 

r r 

Animal Gill 

crab 

shrimp 

stomapod 

bivalve J 

squid r 

heart urchin (papula) 
J 

starfish (papula) 

Heart 

r 

Muscle 

J 

J 

J 

r 

r 

r 

r 

J 
i 

J 

r esophagus 

epidermis 
& tube feet 
(podia) 
epidermis 
& tube feet 
(podia) 

Renal 
Organ 

1st cruise 
only 

1st cruise 
only 

Stomach Other 



BLM suggested collection of the brown shrimp (Penaeus aztecus), a bivalve 

and another species . It was possible to collect brown shrimp at least 

at one station each cruise . The most common bivalve collected was the 

paper shell scallop (Anttcsium papuraceus), but only when the otter trawl 

accidentally dug into the mud . No paper shell scallops were collected in 

August and only one in July, along with two specimens of the Gulf scallop 

(Aequipecten gZyptus) . The only other bivalve species collected was two 

11-7 

dried at 35°C for about 24 hours . If the sections were small enough, six 

serial sections were mounted per slide, or six serial sections were mounted 

on the necessary number of slides . Each organ was stained with two dif-

ferent stains, two slides of each stain or 12 sections per stain, for a 

total of four slides or 24 sections per organ . Different stains were used 

for different tissues as listed in Table 2 . 

The Alcian Blue - PAS stain with hematoxylin demonstrates mucopoly- 

saccharides, acid sulfated mucopolysaccharides, collagen, basement mem-

branes, chitin and nucleic acids . Masson's Trichrome is a connective 

tissue stain and is designed to show nuclei, collagen, muscle, mucus, 

nerves, blood cells and other cytoplasmic elements . Chlorazol Black E 

is a good general stain, especially for chitin and muscle filaments . The 

Alcian Blue - PAS and Chlorazol Black E stains are performed by hand and 

the Masson's Trichome stain is carried out in an automatic tissue stainer . 

A special stain to aid in the identification of bacteria (Brown and Brenn, 

1931) was also used . Slides were coverslipped with PERMOUNT mounting media . 

Slides were read with the aid of a Leit2 Ortholux microscope . 

Dr . John G . Mackin was a consultant and aided in the identification 

of parasites and other types of pathologies . 

A total of 232 specimens representing 18 species were used (Table 3) . 



STAINS USED FOR INVERTEBRATE TISSUES 

Organ 

Gill 

Digestive Gland 

Intestine 

Muscle 

Heart 

Renal Organ 

Stomach 

Esophagus 

Epidermis 

Tube feet (podia) 

aLillie, 1965 

bConn et at ., 1960 

Davenport, 1960 

J 

r 

r 

r 
J 

J 

J 

J 

r 

r 
J 

J 

TABLE 2 

aAlcian Blue -
Periodic Acid Schiff 

J 

J 

r 

bMasson's 
'1'richome 

c 
Chlorozol 
Black E 

J 



Shrimp : 

Penaeus 
aztecue 

Penae:cs 
a ztc: 3'2,w6 

7.tubtypeaaeue 
5tru.Zi.6 

Sic yoru,a 
dc,tsa,t.i.a 

sceenoce,%a 
v roe cai. 

Sq cci,P,za 
chydaea 

Crabs : 

P0,titUYtU-6 
a pin.i.ca,tpws 

Po,tt; uau.b 
gibbe,6 .i.i. 

Ca.Ui_r. ect z.s 
sinw~ 

Ana,evnu,b 
Za.tub 

Raniroideb 
Eou,c',sianem 

GonepZac.id c2 

Molluscs : 

Amus .i.um 
papNna.ceu .e 

Aequipect2n 
s eaPtU6 

MaCOma 
puUeye. 

Lo .Ei.go 
pza.e¢.i 

Echinoderm: 

$1l.Cb60p6<.b 
a.fta 

Ae.tJtopee,ten 
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TABLE 3 

PILtM3E3 OF SPv-Ci~C.iS S'IU'ilID BY S .̂a^13Y AND '40:ITH 

July Aug. Oct . Nov. Dec . 
2 -4 1 2 3 1 2 3 1 2 3 1 2 3 Tot I 

I 

~ 5 ~ 5 5 ii 5 5 I~ 5 ~ 5 I 6 42 

II j ~ 
6 6 

~I 5 l s .o 
i 

0 5 j` 5 '~ 2 6 I 6 30 

4 4 
H 

l ! ! '' 
I i 

5 6 22 

~ 2 2 

5 I o 5 II I 6 U ~ 5 I I i1 29 

5 il I 5 ~I I 5 I 5 20 

S 5 
1 5 ~ 6 

I 
i 

6 5 ~ 5 6 23 

2 

2 2 

6 ~ 5 6 

6 ' 6 
I 

S 5 

2 I15 !14 !~9 15 115 jr6 I17 115 ;119 119 115 117 18 17 ~232 



General 

The majority of pathologies in the internal organs of all animals 

studied was due to symbionts, most of which were parasitic . Symbiosis is 

a general term used to describe all types of heterospecific associations, 

excluding predation (Cheng, 1967) . Some of the symbionts found in this 

study are well known parasites, such as nematodes, but others may be 
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specimens of Macoma puZZeyi with the aid of a small biological dredge in 

November . Squid are not sedentary invertebrates, but since they are 

bein; used by Dr . Ramirez for chromosomal and ~onadal studies, and by 

Drs . Presley and Boothe for heavy metals, a study of their histopathology 

was deemed useful . 

The first cruise (July) was unsatisfactory with respect to the number 

of specimens collected at Stations 1 and 3 . Only four specimens of the 

shrimp SoZeroeera vioseai were collected at Station 3 in August, but all 

other collections were adequate or more than adequate in terms of numbers 

of specimens/species . On the first cruise, collecting during the day was 

tried . Afterwards, collecting time was altered so as to arrive at Station 

1 by sundown, then proceeding to Stations 2 and 3 . 

More organs than required (1152 vs 1125) were studied . Eight organs 

were lost in preparation of the tissue . Some were lost due to too large 

a hole in the tissue capsule (capsules with smaller holes were put in use), 

some to poor dissection on board ship (more dissection was done in the 

laboratory), and some due to shattering upon sectioning because of exces-

sively hard material in the tissue block, such as intestinal contents 

containing sand (celloidin coating of intestine sections has been an added 

procedure) . 

RESULTS AND DISCUSSION 



are tabulated by season (Tables 4, 6, 8, 10, 12, 14, 16 and 18), summer 

for the July and August collections and fall for the October, November and 

December collections and by the three stations used along Transect II 

(Tables S, 7, 9, 11, 13, 15, 17 and 19) . In the tables, the. term "between 

gill filaments" generally indicated a non-parasitic organism, or at least 

one which usually did not appear to cause damage to the gills . Symbionts 

recorded as "unknown" were generally ones in which only a small part of 

the organism appeared in only a few sections . Therefore, they could not 

be identified . When a symbiont or pathology was recorded as being in an 

organ, it may have been in the connective tissue immediately surrounding 

the organ rather than in the parenchyma of the argon itself . This was 

usually the case with symbionts in the heart . In tables for pathologies 

other than symbionts, "leucocytosis around parasites" indicated a reaction 

by the host to the parasite . If the leucocytes of the host were successful, 
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examples of commensalism, mutualism or phoresis . Information is not 

av ailab 1e for those not known as definite parasites so they cannot be 

definitely categorized . However, if a non-parasitic organism is present 

in large numbers in a region such as the intestine, it can definitely . 

cause damage to the host by blocking the duct and possible damaging the 

epithelium (Sindermann, 1970) . This same phenomenon can occur in the gills, 

where large numbers of nonparasites can cause loss of gill surface area 

exposed to the water for gaseous exchange as well as actual damage to the 

gill filaments such as breakage . 

Damage to tissues by parasites or other s;Tmbionts is usually obvious, 

but the etiologies of other pathologies are unknown . There may be more 

than one cause for each type of pathology described in this study in the 

same or different species . 

The results of this study are presented in Tables 4-19 . The results 



FOOTNOTES TO TABLES 4 THROUGH 9 

*S -summer 
**F - fall 
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Symbiont 

A - coelenterate 
B - bacteria 
C - cestode larva 
D - degenerate parasite 
E - SquiZ?a ciliates 
F - flatworm 
G - oregarines 
K - PAS+ cells 
L - large ciliate (stalked) 
:i - mysoxporidian cyst 
N - nematode 
P - copepod 
Q - pinnotherid crab 
R - unknown spore infection 
S - small ciliate 
T - trematode larva 
U - fungal hyphae 
V - dorivelleid polychaete in gill chamber 
W - sporazoan 
X - unknown 
Y - protozoan or algae attached to gill 
Z - Plasmodiophoralid fungi 

Organ 

a - mantle 
b - esophagus 
c - interstitial connective tissue 
d - caecum 
e - gill 
f - between gill filaments 
g - muscle 
h - body wall connective tissue 
i - stomach 
j - renal organ 

Season 



No . of Digestive 
Species Specimens Gills Glands Intestine Stomach Gonad Other 

S * F'** S F S F S F S F S F S F 

Penaeu,5 16 26 2T 4W 7N 8N 1N 1N 8N 4N 5N 1Nj 
cczteCU,b 1S 1Z 7C 11C 7G 1T 1Di 

1L 2L 3D 2ll 1X" 
1`1' 

PenaecuS 6 3C 2N 
b Pte. PJ(.U.6 

Tnuehypenaeu6 10 5S 

SicyUnca 11 19 11S 17S 2N 12N 1N 1X 3N 8N 2N 2N 1N 
c 

d0u ata 4L 6L 2D 4D 1D 1D 
1X 

Satenoeelea 4 1S 1N 2N 1N 
V-(.U.6CU,i. 

S4 a 
1 1E 

chyduea 

TABLE 4 

NUMBER OF SHRIMP WITH SYMBIONTS BY SEASON 



TABLE 5 

NUMBER OF SHRIMP WITH SYMBIONTS BY STATION 

No, of Digestive 
Species Specimens Gill Gland Intestine Stomach Gonad 

1 2 3 1 2 3 1 2 3 1 2 3 1 2 3 1 2 

Penaeu6 16 26 4W 2T 6N 9N 1N 1N 6N 6N 4N 1N 
aztecu.6 1Z 3L 5C 6C 7G 1T 

1S 3D 2D 
1T 

Penaecus 6 3C 2N 
a e t i. ehua 

Tna.chypenaeua 1.0 5s 

S.i.cyavu,a 17 13 16s 12S 8N 6N 1N 5N 6Pd 1N 3N 
dOu" 4L 6L 2D 1X 1D 3D 1D 1D 

1X 

Satenaceha. 4 1S 1N 2N 1N 
V-(.UPS CCLI. 

Squi,2P_a. 1 I 1E 
chydaea 

1N 
c 

Other 

1 2 3 

r 

1NJ 
1Dj 



No . of Digestive 
Species Specimens Gills Glared Intestine Heart Gonad Other 

S* F** S T' S F S F S F S F S F 

CaU,cneatm 18 11 IOXf 3X f 4m 3M 1M 3M 3M 2M IN 
11 

d-i.mt.Y,uS lAf 2N 1N 1M9 
17 1D 7_ Xh 

1X 

PUhtctnw5 6 16 3X f 1N 1N 1.N 
d ivu.Cah " 1C 

Ganeptac,<.d 6 2X t 3N 3N 1N h 
Chab 3D 1D 

An"imc.vs 10 10 6X f 4X f 3N 1N 1.N 1N 1N l 
.2atc.vs l+Y 1U 1W 1D 2D 

5V 6v 2D 

Rami.noid" 5 I I 2N I 20 I I 1N 
.2auiz-i.a.nenztis 

!-' 
1-' 
i 

TABLE 

NUMBER OP CRIBS WITH SYMBIONTS BY SEASON 



TABLE 7 

NUMBER OF CRABS WITH SYMBIOATS BY STATION 

No . of Digestive 
Species Specimens Gills Gland Intestine Heart Gonad Other 

1 2 3 1 2 3 1 2 3 1 2 3 1 2 3 1 2 3 1 2 3 

Ca,P.Q,cneGteb 8 21 6Xf 1A f 4M 3M 1M 3M 3M 2M l I~ 1N~ 
4~cmi.P.u SP.uS 7X 2N 1N 1X 1X 

17. 11 

F-PG}ctunub 22 3Xf 2N 1N 
,5 ivu.cah. u~5 1C 

Goneptacc.d 1 5 2X f 1N 2N 1N 2N 1N h 
drab 3D 1D 

AnuvSixnw5 20 11V 3N 2N 1N 1N1 

tat" 4y 1W 1D 2D 
lUf 2D 

lox 

Ravu.nUida 5 I I 2N I 2G I I 1N 
tau,usiavce"is 



TABLE 8 

NUMBER OF MOLLUSCS WITH SYMI3IONTS BY SEASON' 

No . of Digestive 
Species Specimens Gland Intestine Gonad Stomach Kidney Other 

S* F& * S F S F S F S F S F S F 

Amu.6 .<.um 1 22 5N 4P 2C 2T 1K 22K 2D a 
papyta,ceu6 3C 2T 1D 2X 12' 

3P 4D 1P 2D 1W 
3R 1C 1? 1N 1Z 
1F 1C 
3X 1P 
1.D v 

Aequ,cpeC;t'e,n 2 1N 2C 1N 1N 2'1'a 
9typtu.a 1T 1P 1z 1T 

1D lea lc 

LoUga 17 1X W 3T 1N 1W a 

peCttP..(. 1W 2T 1Tb 
lx 2xc lTc 
1D 1C~ 

2T a 
2X d 
5~ 
e 

Ma~aey~ 2 I IN I 1F 
I I I I 

l~ 



TABLE 9 

NUMBER OF MOLLUSCS WITH SYMBIONTS BY STATION 

No . of Digestive 
Species Specimens Gland Intestine Gonad Stomach Kidney Other 

1 2 3 1 2 3 1 2 3 1 2 3 1 2 3 1 2 3 1 2 3 

AmCVs,c.um 6 17 1N 1+N 1C 2T 1C 1C 1C 2T 6K 17K 2U a 
papyhaceu.b 1C 2C 4P 1P 1X 1T1 1`1' 

1P 2P 4D 1D 1P 1W r~-2X 
1X 1Z 2D 1Z 
3H 1X °° 
1D 
1F 

Qeqcupec.ten 2 1N 2C 1N 1N 2T a 
gtyptuz 1T 1P 1Z 1T 

1D 1W 1C 

Lot,c,ga 11 6 1X 3T 1T 1T 2T 1T 1T 1Wa' 2T d 
pea.2ei. 1W 2X 1N 1Tb 1C d 

1D 1T c 2X d 
1X 5B e 

Manvey~ 2 I IN I 1F 



FOOTNOTES T.0 SABLES 10 THROUGH 19 

*S -summer 
**F - fall 
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Pathology 

A - atretic egg 
C - cyst 
D - deformed hepatopancreatic tubules 
E - degenerate eggs 
H - hyperplasia 
L - leucocytosis (etiology unknown) 
L'-leucocytosis around parasites 
S - swollen sarcolemma 

Dr an 

a - mantle 
b - esophagus 
c - interstitial connective tissue 
d - caecum 
e - gill 
i - stomach 
j - renal organ 

Season 



TABLE 10 

NUMBER OF SHRIMP WITH PATHOLOGIES OTHER THAN SYMBIONTS 
IN INTERNAL ORGANS W SEASON 

Renal 
Gonad Organ 

S F S F 

1L' 1L' 1L 

1A 

Stomach 

S F 

1L' 
1C 

3L 
lc 

3C 
4L' 

i 
N 
O 

Penaeub 
QZtQCLL6 

Penaeuis 
a eti. 6 enu.a 

S .i.cyan,ia 
doua,Lid 

1C 3C 
2L' 

11 19 1L 

ies 
No . of 
pecimens 

S'* F** 

16 26 

6 

Digestive 
Gland 

S F 

6c 2c 

4c 

Heart 

S F 



TABLE 11 

NUMBER OF SHRIMP WITH PATHOLOGIES OTHER THAN SYMBIONTS IN INTERNAL ORGANS BY STATION 

No, of Digestive 
Specimens Gland Stomach Gonad 

1 2 3 1 2 3 1 2 3 1 2 

16 26 2c 6c I 1C 1L' ~ 1LI 

Renal 
Or ran 

3 1 2 

1L 1L' 
N 
r 

Penaeua 
azxecu,a 

Pena euz 
,s eti 4 e4w 

Sic yvwi.a 
dam a2,ie 

3L 
1C 

1L' 3L' 
3C 

2C 2C 
2L' 

17 13 1L 1A 

ies 

6 4C 

Heart 

3 1 2 3 



TABLE 12 

NUMBER OF CRABS WITH PATHOLOGIES OTHER THAN SYMBIONTS 
IN INTERNAL ORGANS BY SEASON 

No . of Digestive 
Species Specimens Gland Intestine Heart 

S* F** S F S F S F 

Ca,e,P.i neetei5 18 11 3H 2H 1C 3C 1L 1L 
simitis 5H 3L 1L 2L 2C 

1D 4C 211 

Pa)rtunws 6 16 lc 2c lc 3s 
.6 pinicaApM 

Go neptaci.d 6 2 C 1L' 
cAab 1L' 

AnCLS-cmus 10 10 1C 1C 5S 
2C 

Ran,i.naid" 5 I I I 5S 
tU Ui1-(.Q YLeYUS,(J5 

Renal 
Organ 

v F 

1L 

N 
N 

1A 

Gonad 

S F 



TABLE 13 

NUMBER OF CRABS WITH PATHOLOGIES OTHER THAN SYMBIONTS IN INTERNAL ORGANS BY STATION 

F-' 
N 

N 
W 

Pontunws 22 3C 1C 3S 

GUn eptaci.d 1 5 2 C 1L' 
drab 1.L' 

AncvJ.unwS 20 1C 1C 2C 
tatcv5 SS 

Rantinaidez 5 I I ( 5S 
tU U.IJs-I.QVI eYld,(i3 

IA 

No . of Digestive 
Species Specimens Gland Intestine Heart 

1 2 3 1 2 3 1 2 3 1 2 

CaMnected 8 21 3L 51, 3L 1L 1I. 
~S~.rni.~u5 1D 5H 2H 2C 

4c 4c 

Renal 
Gonad Organ 

1 2 3 1 2 

1L 



i 
N 
A 

Wig o 17 2x ix 
pea,2ei. 1L is 

Macomu. 2 I I 1C I 2L I I 1Ci nuteeyi 

TABLE 14 

NUMBER OF MOLLUSCS WITH PATHOLOGIES OTHER THAN SYMBIONTS BY SEASON 

No, of Digestive 
Species Specimens Gill Gland Intestine Gonad Other 

S* F** S F S F S F u F S F 

Amu6itun 1 22 3L 2C 8C 3C 1C 
c 

papyhaCe_u.b 2L 1L 2C1 

Aequ,cpeeten 2 2C 



N 
La.2t.ga 11 6 lx 1H lx 

ecLeei. 1.L 1 C 

MacOma 2 I I 1C I 2L I I 1C~ 
puX.2eyi 

TABLE 15 

NUMBER OF MOLLUSCS WITH PATHOLOGIES OTHER THAN SYME3TONTS BY STATION 

No . of Digestive 
Species Specimens Dill Gland Intestine Gonad Other 

1 2 3 1 2 3 1 2 3 1 2 3 1 2 3 1 2 3 

AmwS.i.wn 6 1`l 3L 1C 1C 2L 7C 1C 2C 1Ci 
pap ynaceub 7_C 1E 2C 

1L 

Aequ,c'pecten 1 2 1 1 1 2C 



TABLE 16 

NUMBER OF SHRIMP WITH GILL PATHOLOGIES OTHER THAN SYMBTON`rS BY SEASON 

Deformed 
Filaments 
with excess 
Cellularity 

S F 

15 23 

Swollen 
Filaments 

S F 

Penaeu.s 
aztecu,6 

Penaeub 
4 etc. A PJcwS 

Tnachypenaeuz 
S-cmitus 

Sicyv n,ia 
dam a.Us 

So.2enaceAa. 
via,scu,i . 

Sq u,ieea 
chydaea 

r 

N 

9 

11 1 £3 7 17 

4 

1 

1 

1 

ecies 
No . of Small Cell 

Specimens Aggregates 

S* F** S F 

16 26 1 

G 

10 I 2 

1i 19 1 3 

Cyst in 
Branchial 
Sinus 

S F 

4 3 



TALE 17 

NUMBER OF SHRIMP WITH GILL PATHOLOGIES OTHER THAN SYMBION'i'S BY STATION 

No, of 
Specimens 

1 2 3 

16 26 

6 

14 

17 13 

4 

1 

Peviaeu,a 
aztecuz 

Penaew~ 
6 eti. 4 efcu.6 

Tnachypenaeu.a 
~s,imle,US 

Sicyorucc 
daro a.P,iz 

Sa.2ena ema. 
V.CUb CCLI. 

S4 (.(iQ.eQ 
chydaea 

N 
v 

1 

13 11 1 3 

1 

ies 
Small Cell 
Aaareaates 

1 2 

1 

2 

Deformed 
Filaments 
with excess 
Cellularity 

1 2 3 

14 24 

9 

16 13 

Swollen 
filaments 

1. 2 3 

Cyst in 
Branchial 
Sinus 

1 2 3 

1 6 

4 



TABLE 18 

NUMBER OF CRABS WITH GILL PATHOLOGIES OTHER THAN SYMBIONTS BY SEASON 

Deformed 
Filaments 

No . of Small Cell Large Cell with excess 
ecimens Aggregates Aggregates Cellularity 

S* F** S F S F v F 

18 11 16 7 7 1 12 7 

6 16 5 16 1 2 3 

2 2 

Cyst in 
Swollen Brarichial Deformed 

Filaments Sinus Filaments 

S F S F S F 

6 5 8 5 3 2 

2 6 3 3 1 

2 2 

N 
00 

Ca,Q,Q,i.necte,5 
,6.i~ 

Pantunu 
~s piru:c ah.pcvs 

Paktuyw5 
g.ibba.ii 

Gonep.2ac,i.d 
ckab 

Anaz.i.mw5 
tatw5 

Rawi.natida 
ta u,usianenb.iz 

6 3 

to 10 6 9 3 

5 

2 

7 I 1 2 

1 

ies 

2 

u I 1 



TABLE 19 

NUMBER OF CRABS WITH GILL PATHOLOGIES OTHER THAN SYMBIONTS BY STATION 

Deformed 
Filaments Cyst in 

No . of Small Cell Large Cell with excess Swollen Branchial Deformed 
Species Specimens Aggregates Aggregates Cellularit Filaments Sinus Filaments 

1 2 3 1 2 3 1 2 3 1 2 3 1 2 3 1 3 3 1 2 3 

Ca,Q,P.i,nectes 8 21 8 15 3 5 4 15 3 8 4 9 1 4 
si1IiW(l.1 N 

O 

PaAtuncu6 22 21 3 3 8 6 1 
~5 .cn,i,cah uh 

Pontum5 2 2 2 2 
i6 b ".i.i. 

GUneptacid 1 5 3 2 2 
ctcab 

1 Ancvs-i.rnw6 2 0 15 3 7 3 

Raninoidu 5 I 2 I I I I 1 
tau,i,s-i,anen,siz 



and crabs (29%) . They were present (25%), but not the most common para-

site in molluscs (Cheng, 1967) . In shrimp, crabs and molluscs, the dig-

estive gland had the highest infection rate . Nematodes occurred singly 

or in relatively large numbers and were often observed in and between 

the internal organs during dissection . Nematodes may become encysted in 

the host's tissues, a reaction by the host to the parasite, and may be 

attacked successfully by the host's leucocytes . These are the source of 

many of the tabulated "degenerating parasites" in shrimp and crabs . 

Trematode larvae (Figure 2) were the most common parasite in molluscs 

(50%) . There were very few trematode larvae in shrimp (4I) and none in 

crabs . These parasites may also become encysted and frequently degenerate . 

11-30 

the parasite would die and be observed as a degenerating parasite in 

early stages or as a cyst in later stages . However, cysts may occur from 

unknown etiologies . 

Symbionts may be single or multiple . The actual number of symbionts, 

for example, relatively long and sinuous nematodes, could not always be 

counted in sections . Since only sectioned material was studied most of 

the symbionts could not be positively identified . Animals collected but 

not listed in the tables did not have symbionts or pathologies . SquZZZa 

chz)c?aea, a stomatopod, is listed with the shrimp . 

Photomicrographs representing various common symbionts and pathologies 

are presented as Figures 1-20 . Although not all species are represented, 

these figures aid in the understanding of various common diseases . 

Symbionts 

The percentages given in the following discussion are the number of 

animals with a given symbiont per total number of animals examined . 

Nematodes. (Figure 1) were the most common parasite of shrimp (76%) 
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Fig 1 . S, dohaa,ti5 . Section 
of live and degenerating 
(arrows) nematodes in the 
testis (T) . 33X . 
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Fig . 2 . A papy)ta.ceub . Live 
and degenerating (arrows) 
trematode larvae beneath the 
intestinal epithelium . 230X . 
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H, 

4. 

°~.. , . . , . 

FA , 
t , ~ , AM ~. 

Fib . 4 . A, papyAaCeub . Copepod 
in duct lumen in the hepatopan-
creas (H) . Note legs attached 
to epithelium (arrow) . 33X . 

y. 
Fig . 3 . A. papyXa.Ceu.b . Ceatode 
larva by testis (T) and 
intestine (I) causing a large 
cystic reaction (C) . 33X. 



ceans but were not considered harmful to the host unless present in exces-

sive numbers to cause blockage . They were only found in two of five 

specimens of F.art2notides Zouisianer_sis and seven of 42 specimens of Penaeus 

azteeus . 

N~~xosporidian cysts (Figure 6) were only found in the lesser blue 

crab (CaZ :reetes sirrilis) where they were the host common symbiont in 

internal organs (59I) . 

All specimens of the paper shell scallop contained PAS+ (periodic-

acid-Schiff positive) cells in their renal organs in varying numbers 

(Figure 7) . The PAS+ cells could not be identified nor is it known whether 

they were parasitic . 

Fungi in the order Plasmodiophorales (Figure 8) have been described 

as oyster parasites by J . Mackin (1962), our consultant . The lesions 

caused by these organisms resembled neoplasms due to their hyperplastic 

nature . They were found in both scallop species collected, in one brown 

11-33 

Cestode larvae (Figure 3) were only found in the hepatooancreas (or 

digestive gland) of shrimp (15%) . Only one cestode larvae was found in 

the crabs, also in the hepatopancreas . They were found in the crabs, 

also in the hepatopancreas . They were found in several mollusc organs 

(25%) . Even though these parasites were not present in large numbers, 

they were relatively large in size and appeared to cause damage to the 

surrounding tissue by exerting pressure . In molluscs, cestode larva 

frequently caused large cystic reactions (Figure 3) . 

Copepods (Figure 4) were only found in molluscs (?3%) and usually 

in the intestine or digestive gland ducts . However, one was found ency-

sted in the connective tissue between the seminiferous tubules of a 

scallop . 

Gregarines (Figure 5) occurred in the intestine of various crusta- 



central area of concentrically arranged cells with a large part of the 
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shrimp and in one lesser blue crab . They cannot be identified further 

without culture . 

Small ciliates (Figure 9) were found only among the gill filaments 

of shrimp (38I) and were particularly abundant in Sicyor.Za dorsaZis (93%) . 

They did not appear to be parasitic or to cause any damage . A different 

ciliate which did appear to cause damage to the gills was found in the 

mantis shrimp . 

Large ciliates (Figure 10) have a stalk which may attach to the thin 

chitin cuticle of the gills of shrimp (14%) . Again, they were most abun- 

dant in Sicyonia dorsaZzs (33%) . 

An unknown parasite (an alga or protozoan) was found attached to the 

gills of four specimens of the spider crab Anasirrrus Zatus (Figure 1) . It 

caused swelling of the gill filaments, leucocytosis and cuticle thicken-

ing . Several other unknown symbionts were found among crab gill fila-

ments (34%), most of which did not appear to cause damage . 

Pathologies Other Than Symbionts 

Percentages given below are the number of animals with a given 

pathology per total number of animals examined . 

All cysts found in the bronchial sinuses of crabs (33%) and penaeid 

shrimp (21%) have unknown etiologies (Figure 12) . They occurred as a 

simple cyst (Figure 12) or as one involving adjacent gill filaments . 

Small cell aggregates composed of concentrically arranged cells 

were found (Figure 13) . These obviously interfere with blood flow, and 

hence with gas exchange . They were particularly common in crab gills 

(79%), seldom seen in shrimp (8I), and were not observed in molluscs . 

Large cell aggregates (Figure 14) which generally possessed a small 
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throughout a tissue is an indication of injury or disease (Figure 17) . 

When no etiology was observed in molluscs (207), crabs (17%) and shrimp 

(6%), the condition was labeled leucocytosis (etiology unknown) in Tables 

10-19 . When leucocytes were aggregated around z parasite, it was an indi-

cation that the host was reacting to the invader attempting to destroy it . 

This was seen only in brown shrimp, rock shrimp and the goneplacid crab . 

Cysts (Figure 18) may be caused by degenerating parasites or unknown 

injuries or diseases and were present in molluscs (48%), crabs (24%) and 
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gill filament filled with leucocytes on each side of the area were present 

in crabs (liI) . Whether these were later stages of some type of the small 

cell aggregates or an entirely new lesion is not known . 

Deformed filaments with excess cellularity were observed (Figures 15 

and 16) . In shrimp (91%), progressive stages of this lesion were observed . 

A secondary gill filament (two or three may be involved) becomes swollen, 

filled with leucocytes and develops a necrotic area . This necrotic area 

increases in size and becomes atrophied, frequently forming a filamentous 

material with small dense areas in the periphery (Figure 15) . A paraffin 

section consisting of parts of six to eight gills sometimes had more than 

25 such lesions, particularly in the rock shrimp, Sieyonza dcrsaZis . 

A similar type of lesion, one with swelling, leucocytosis and a nec- 

rotic area becoming atrophied distally, occurred in crabs (35%), particu-

larly in CaZZinectes sim2Z2s (66I) . These lesions were observed near the 

end of a filament (Figure 16) or in the center of a filament with cell-

filled swollen areas on each side of an atrophied region . Whether these 

lesions were advanced stages of large cell aggregates is not known, but 

no intermediate stages were observed . 

Abnormal numbers of leucocytes (leucocytosis) in a specific area or 



and one stomatopod . The brown shrimp (Penaeus aztecus) was caught most 

frequently (42 specimens) and the rock shrimp (Seyonia dorsaZis)(30 speci-

mens) was second in abundance . Both species were only collected at Stations 

1 and 2, Traehypenaeus suniZis was only collected in sufficient numbers 

(five specimens per station) in the late fall . Penaeus setiferus was only 

obtained at Station 1 and SoZenocera vtioseai only at Station 3 . These 

facts agree with the report on epifauna by J . S . Holland . Infection of 
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shrimp (27%) . They were frequently surrounded by masses of leucocytes . 

Swelling of tissues (Figure 19) is an indication of injury or disease . 

Such swellings could have occurred when the animals were brought up in the 

trawl from deep waters or as a reaction to a fixative which was not iso-

tonic to the tissue fluid . However, all tissues of the animal would show 

some effect, but this has not occurred with the animals studied . Blebbing 

of some of the sarcolemmas was observed in three crabs (Figure 19) . Por-

tions of some gill filaments were swollen, filled or not filled with hemo-

lymph, in crabs (31%) and the rock shrimp (80%)(Figure 15) . 

Growth due to abnormal proliferation of cells (hyperplasia) can be 

caused by injury or disease, including neoplasia (Figure 20) . Neoplastic 

growth is difficult to diagnose in invertebrates (Cheng, 1976) . Cheng 

suggested that enzyme concentrations in the cells involved in a prolifera-

tive growth be determined to use as a future standard for diagnosing such 

growths . Whether the hyperplasia observed in the lesser blue crab and the 

squid in these studies is a true neoplasia or due to other diseases or 

injury is not known . 

Animals 

Shrimp 

There were 93 specimens of shrimp examined, representing five species 
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common symbionts in the gills were unknown symbionts . The most common gill 

pathologies other than symbionts were small cell aggregates . The gone-

placid crab (we were unable to identify this crab further than the family 

level) had the highest percentage of symbionts with the spider crab second . 

The latter frequently (557) had a dorivelleid polychaete living in one 

or both gill chambers . The spider crab had the highest percentage of un-

known symbionts between gill filaments, but CcxZZinectes simiZis had almost 

as high a percentage (50 and 45%, respectively) . Portunus sp2niearpus 

had the lowest percent of symbionts . Crabs had the lowest percentage of 

symbionts compared to other animals studied . Portunus gibbesii had the 

11-45 

shrimp by nematodes was 53% higher in July and August than in the fall . 

The most common symbionts in internal organs of shrimp were nematodes . 

In the gills, the most common symbionts were ciliates . The most common 

gill pathology other than symbionts was deformed gills with excess cellu-

larity and atrophy . Sicyontia dorsalis had the highest percentage of sym-

bionts and gill pathologies, and Trachyper.Qeus simiZis the lowest . Shrimp 

as a whole had the lowest percentage of pathologies other than symbionts 

in internal organs consisting of cysts, leucocytosis and one atretic egg . 

Crabs 

There were 84 specimens of crabs studied, representing six species . 

The lesser blue crab (CaZlin2etes simiZis) was collected most frequently 

(29 specimens) and the spider crab (Anasurrus Zatus), was next in abundance 

(20 specimens) . CaZZineetes sim2Zis was only collected at Stations 1 and 

2, and Anasimus Zatus only at Station 3 . This agrees with the information 

by J . S . Holland on epifauna . Again, the highest percentage of nematode 

infections occurred in the summer . 

Nematodes were the most common symbiont of internal organs . The most 



Cestode larvae, nematodes and copepods were also common symbionts in 

molluscan internal organs . The Gulf scallop (Aequtipeeten gZyptus) had 

the highest percentage of symbionts in internal organs, but since only 

two specimens were obtained, this may be misleading . The paper shell 

scallop had the next highest percentage of such symbionts . Molluscs as 

a whole had the highest percentage of symbionts in their internal organs 

and the largest variety . The only symbionts in the gills were gram-nega-

tive bacteria infecting some of the squid gills . Molluscs had the lowest 
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highest percentage of gill pathologies other than symbionts, Ca?Zinectes 

sim2Zis the next highest percentage, and Rariroides Zouiaianensis the 

lowest . Crab gill filaments are normally single, straight, rather long 

extensions from a central axis (see the normal filaments in Figures 8, 14 

and 16), but some will occasionally branch or two filaments may fuse . 

These are listed in the tables as "Deformed Filaments" and may be genetic 

deformities as no evidence of injury, such as thickened cuticles, was 

observed . Such deformations were not observed in shrimp or molluscs . In 

internal organs, CaZZ2ne--tes smtiZs had the highest percentage of path-

ologies other than symbionts, the goneplacid crab had none, and Pcrturtus 

spiniecrpus the lowest percentage . 

Molluscs 

There were 44 specimens of molluscs used consisting of four species . 

The paper shell scallop (Amus2wn papyraeeus) was collected most frequently 

(23 specimens) and the squid (LoZigo pea?ei)(17 specimens) was next in 

abundance . The paper shell scallop was collected at Station 2 in October, 
r 

and at other times only at Station 3 which agrees with J . S . Holland's 

report on the epifauna . 

Trematode larvae were the most common symbionts in internal organs . 



Symbionts, particularly parasitic ones, apparently cause the most 

damage to marine invertebrates . Many instances of parasitism have been 

reported in the literature (Sinderman, 1970 ; Cheng, 1967 ; Hopkins, 1957) 

but these reports are mainly on commercial species, only two of which 

were collected in this study (Penczeus aztecus and P. setiferus) . Many 

parasites of the animals used in this study cannot be identified without 

special culturing methods (Plasmodiophoralid fungi) and some may be 

entirely new to science (PAS+ cell in the paper shell scallop renal organ) . 
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number of other gill pathologies, consisting only of leucocytosis in the 

paper shell scallop and squid and two cases of hyperplasia in squid gills . 

Relatively few pathologies other than symbionts were found in internal 

organs . One paper shell scallop had a diseased ovary, with degenerating 

eggs, leucocytosis and proliferation of connective tissue into the 

region . The etiology was unknown . A pinnotherid crab was found in one 

of the small clams (Macoma puZZeyi) caught in the biological dredge . 

Since only two specimens were caught, knowledge of the frequency of this 

symbiont residing in these clams is unknown . 

Echinoderms 

Two species of echinoderms were collected, six specimens of Br:ssop- 

sis aZta (heart urchin) at Station 3 in August and five specimens of 

Astropecten dupZicatus (starfish) at Station 2 in November . The heart 

urchin was only collected at Station 3, according to J . S . Holland's 

report on epifauna . None of the echinoderms had any recognizable path-

ologies other than the heart urchin being filled with mud (the otter 

trawl had dug into the bottom) . The starfish were very young specimens, 

which may account for their lack of pathologies . 

CONCLUSIONS 



pathologic conditions of most of the animals collected in this study, fur-

they histological baseline information is needed to understand the poten-

tial impact of man's altering the environment with offshore exploration 

and development . Even though most of the species used are not commercially 

valuable, the ecological balance of the oceans is delicate, and all forms 

of life in the sea are important to this balance . 
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Scientists are just beginning to understand the cellular reactions to 

parasites in marine invertebrates (Cheng, 1976 ; Anderson and Good, 1976 ; 

Solangi and Lightner, 1976 ; Johnson, 1976) . Understanding of other 

diseases and reactions of marine invertebrates to injury is also just 

starting (Sparks, 1972 ; Fontaine and Liohtner, 1975 ; Rigdon and Baxter, 

1970 ; Barry et aZ ., 1971 ; Cheng, 1976) . 

Since little in the literature is helpful in knowing the normal and 



Sinderman, C . J . 1970 . Principal diseases of marine fish and shellfish . 
Academic Press, New York . 
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CHAPTER TWELVE 

HISTOPATHOLOGY OF DEMERSAL FISHES 

Department of Veterinary Anatomy 
Texas A & M University 

Principal Investigator : 
William E. Haensly 



This report is concerned with the histopathologic analyses of 10 
species of demersal fishes, South Texas OCS Monitoring Study, 1976 . 
Observations pertain to five cruises : July, August, October, November 
and December, 1976 . All samples were collected on Transect II, Stations 
1, 2, and 3, and at the Southern Bank . The minimum sampling effort was 
five specimens of two fish species at each station and five specimens 
of one species at the Southern Bank . The organ sampling effort included 
the heart, stomach, kidney, muscle and liver . 

Organ samples were prepared for histologic observation by routine 
histologic procedures . A total of 840 organ samples were collected . 
From these, 3150 hematoxylin and eosin and 1680 Verhoeff-Van Gieson 
stained slides were prepared . 

Thirty-four percent (286) of the organ samples demonstrated lesions. 
The rock sea bass had the smallest percentage of lesions and the vermil-
ion snapper the largest . The vermilion snapper also demonstrated the 
largest percentage of cardiac lesions . There was a tendency for kidney 
and muscle lesions to be more numerous in the sand seatrout . Kidney, 
muscle and liver lesions tended to be more numerous in the last three 
cruises than in the first two . Stomach and liver were more frequently 
involved pathologically than the muscle, kidney and heart, and this was 
apparently unrelated to species, station or cruise . The percentage of 
lesions was larger in fish obtained from the Southern Bank than at other 
stations, and the smallest percentage occurred in fish obtained from 
Station 2 . These observations were due to the vermilion snapper being 
sampled at the Southern Bank and the rock sea bass at Station 2 . All 
stations showed a tendency for the percentages of lesions to increase 
over the last three cruises (October, November and December) . 

Parasitism was the primary cause of lesions by both protozoan and 
helminth parasites . Parasitism caused varying degrees of necrosis, 
especially in the liver and stomach. The general integrity of the organ 
tissues was maintained adjacent to the lesions. 
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ABSTRACT 



to prevent postmortem changes . Samples of each organ, no greater than 

5 mm in all directions, were placed in tissue capsules with identifi-

cation information and placed in a fixative solution . Two fixatives 

were employed (buffered neutral formalin and Helly's solution, Appendix 

I, Table 1) . Cardiac tissue, predominantly consisting of the ventricle, 

was fixed in Hellq's solution primarily, and occasionally in formalin. 
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INTRODUCTION 

This annual report is concerned with the histopathologic analyses 

of demersal fishes, South Texas OCS Monitoring Study, 1976 . Qualita-

tive and quantitative observations pertain to fish samples collected 

on five cruises : July 22-23 ; August 12-13 ; October 1-2 ; November S-6 ; 

and December 3-4, 1976 . All samples were collected on Transect II, 

Stations 1, 2 and 3, and at the Southern Bank . The minims sampling 

effort for this study was five specimens of two fish species at each 

station and five specimens of one fish species at the Southern Bank. 

The organ sampling effort for each specimen within each species 

included the heart, stomach, kidney, muscle and liver . Fish organ 

samples were collected by the principal and associate investigators 

on all cruises . 

MATERIALS AND METHODS 

Fish were collected in a 35-ft . (10.7-m) otter trawl at Stations 

1, 2 and 3, and by hook and line at the Southern Bank . Trawl time 

was approximately 30 minutes each with two to four trawls per station . 

Fish from each trawl were sorted, identified by species, and placed 

in a live holding tank . Fish caught at the Southern Bank were also 

placed in a live holding tank . 

Organ sample processing began immediately aboard ship in an effort 



'TISSUE PREP, Fisher Scientific Company, Houston, Texas 77001 

2HISTOCLAD, Clay Adams, Parsipany, New Jersey, 07054 

12-4 

All organ samples were fixed for 24 hours . 

Following fixation the organ samples were washed in running tap 

water for 24 hours and placed in 70 percent ethyl alcohol . Trimming of 

tissue to remove unnecessary connective tissue remnants and for blocking 

purposes occurred while they were in 70 percent alcohol . Kidney tissue, 

collected in situ , was placed in ethylenediaminetetraacetic acid (EDTA) 

for 8 hours to decalcify adjacent bone structures . All organ samples 

were then dehydrated with ethyl alcohol in increasing concentrations, 

cleared in xylene, infiltrated with paraffini in a vacuum oven at 58°C 

for 3 hours, and embedded in paraffini . 

Sectioning of the organs was done at 6 um on an American Optical 

820 rotary microtome . The sections, cut from both Helly's and formalin-

fixed organs, were mounted on glass microscope slides . Section size 

permitting, six sections of formalin fixed tissues were mounted per 

slide . Two sections of Helly's fixed tissue were mounted per slide . 

A minimum of two slides were prepared for each organ within each fixa-

tive . The basic staining procedure employed was hematoxylin and eosin 

(Appendix I, Tables 2 and 3) . Additional sections fixed in Helly's 

solution were also stained with Verhoeff and Van Gieson connective 

tissue stain (Appendix I, Tables 4 and 5) . All slides were mounted with 

synthetic mounting medial . 

A total of 3150 hematoxylin and eosin-stained slides, and a total 

of 1680 Verhoeff-Van Gieson stained slides, have been prepared . 

Problems associated with the collection of the various fish organs 

were minimal and generally related to the organs themselves . Fish muscle, 



the 1976 sampling effort : 

Scientific Name 

P2'ZSt'LpOTROZd23 LiQllZZOf1Q2'28 Wenchman A 
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even in the fresh state, is friable and tends to pull apart . This was 

reflected in the muscle sections where the individual muscle fibers 

separated from each other . Liver tissue was also friable depending upon 

the amount of lipid present . As a result of decompression, the gastro-

intestinal tract often everted into the oral cavity . When this occurred 

it was necessary to gently straighten out the digestive tube before col-

lecting stomach tissue . It also was necessary to collect the kidney 

samples in situ by including a segment of vertebrae which lies dorsal 

to the kidney . Fish kidney tissue cannot readily be collected other-

wise, since it disintegrates when touched with instruments . It was 

necessary, therefore, to decalcify the kidney samples after fixation 

and prior to dehydration . 

Coding of fish aboard ship was as follows . Each fish species was 

given a single Arabic letter, followed by a number to indicate the 

sequence of the specimens within each species . A Roman numeral preced-

ing the Arabic letter indicates the station within Transect II . This 

is referred to as the Haensly code and will be used throughout this 

report . A computer code was also provided for each species, each 

specimen within each species, and each organ within each specimen, by 

the Data Management Staff at the University of Texas, Port Aransas Mar-

ine Laboratory, Port Aransas, Texas . 

RESULTS AND DISCUSSION 

Organ samples were collected from the following species of fish in 

Common Name Haensly Code 



percent of the 840 organ samples demonstrated lesions . The percentage 
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Scientific Name Common Name Haensly Code 

Stenotomus caprinus Longspine porgy B 

Cynoscion arenarius Sand seatrout C 

Micropogon unduZatus Atlantic croaker D 

PepriZus burti Butter fish E 

Centropristis phitadetphica Rock sea bass F 

Lutjrnzus ecmrpechanus Red snapper G 

Trachuz}us Zathcarti Rough scad H 

Upeneus pczrvus Dwarf goatfish J 

RhombopZites aurorubens Vermilion snapper SN 

Due to the unavailability of fish in the trawl, the following were 

not collected : one species of fish, Station 2, the July cruise ; and 

two specimens of one species of fish, Station 1, the August cruise . All 

species and organ samples were successfully collected on the October, 

November and December cruises . 

Quantitative Evaluation 

Statistical analyses to evaluate the differences between observa-

tions were not conducted since significant differences may have little 

meaning in the data collected in 1976 . Wide variation existed between 

species in sample size . Further, no fish species was consistently 

sampled at each station on all five cruises. The following evaluation 

of numbers and percentages, however, does illustrate some possible 

developing trends . 

Table 1 is a summary of the number of lesions observed for the five 

organs within each species collected on the five cruises . Thirty-four 



tently larger in numbers and percentages of lesions than the other three 

organs, regardless of species . This may be a reflection of the system 

and functions with which those two organs are associated, making them 

more susceptible to infection . The number of lesions related to heart, 

kidney and muscle was generally small and more variable . Compared with 

the other nine species, however, the heart of the vermilion snapper (SN) 

stood out with the largest percentage of lesions. This cardiac differ-

ence presented by the vermilion snapper may be related to that species' 

environment (i .e . Southern Bank) . Kidney and muscle lesions were more 

numerous in the sand seatrout (C) . Why this should be characteristic 

of this species cannot be determined at this time . 

Table 2 is a summary of the number of organs containing histopath-

ologic conditions for each station for the five cruises . On a percentage 

basis, the smallest incidence of lesions occurred at Station 2, and the 

largest incidence at the Southern Bank. The frequency at Station 2 was 
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of lesions varied from a low of 17 percent (rock sea bass, F) to 47 

percent (vermilion snapper, SN) . Because sample size varied widely 

between species the percentage of lesions between species may have little 

meaning . When the species are grouped according to sample size, four 

groups are apparent : species H and J, with 25 organs each ; species D, 

E and G with 50 to 75 organ samples ; species C and F, with 90 and 100 

organ samples ; and species A, B and SN with organ samples of 125 or more . 

With two exceptions, the percentages of lesions between species within 

each of the above groups were similar. The rock sea bass (F) stood out 

as the species with the smallest percentage of lesions, while the ver-

milion snapper (SN) had the largest . 

It is apparent from Table 1 that the stomach and liver were consis- 



*Numerator : number of organs containing hlstopathologic conditions 

Denominator: number of organs sampled 

"Percentage of lesions 

TABLE 1 

NUMBER OF ORGANS CONTAINING HISTOPATHOLUGIC CONDITIONS WITHIN EACH 
SPECIES SAMPLED ON THE JULY, AUGUST, OCTOBER, NOVEMBER AND DECEMBER 

CRUISES, 1976, SOUTH TEXAS OCS MONITORING STUDY 

Species 

Organ/Species : A B C D E F G N J SN TOTAL 

Heart x"(11)*" 3(12) 0(0) 2(13) 1(10) 1(5) 0(0) 0(0) 0(0) j6(64) 21(16) 
35 2& T8 15 TO 20 10 5 5 25 16-8 

Stomach 31(86) 13(52) 16(89) 9(60) 7()O) 10(50) 8(8O) 5(100) 4(80) 22(88) 125(74) 
35 25 '19 15 T0 20 10 5 5 25 168 ~i 00 

Kidney 0(0) 4(16) 6(33) 2(13) 0(0) 0(0) 1(10) 0(0) 2(40) 1(4) 16(10) 
Z 2'& 18 13 1O Z-6 10 5 5 2~ j68 

Muscle 0(0) 2(8) 5(28) 2(13) 2(20) 0(0) 0(0) 2(40) 0(0) 1(4) 14(8) 
35 21 1B 15 TO 2b TO 5 5 n 168 

Liver 22(63) 25(100) 10(56) 6(40) 5(50) 6(30) 4(40) 2(40) 5(100) 19(76) 104(62) 
33 25 18 15 10 20 1O ~ ~ 25 T69 

TOTAL 5703) 47(38) 31(41) 21(28) 15(30) 17(11) 13(26) 9(36) 11(44) 59(47) 286(34) 
175 125 90 75 50 00 50 25 25 25 840 



Heart 2"(4)** 3(7) 6(12) 16(64) 27(16) 
48 45 50 15 168 

Stomach 48(91) ;x(60) 50(74) x(88) 168(74) 
1-N 

Kidney x(19) 
iff(4) (e~ 25(4) 160) 50 

B~1Muscle a$(19) 45(4) 50(4) 23~(4) ~8(8) ~ 

Liver 20(42) 22(49) 43(86) 19(76) 104(62) 
4-9 45 30 25 168 

TOTAL 79(33) 56(25) 92(37) 59(41) 286(34) 
240 225 2~0 25 840 

*Numerator : nWUGer of organs containing histopathotogic conditions 

Denominator : number of organs sampled 

"Percentage of lesions 

TABLE 2 

NUMBER OF ORGANS CONTAINING HISTOPATIiOLOGIC CONDITIONS WITHIN EACH 
STATION OF TRANSECT II ON THE JULY, AUGUST, OCTOBER, NOVEMBER AND 

DECEMBER CRUISES, 1976, SOUTH TEXAS OCS MONITORING STUDY 

Station 1 Station 2 Station 3 Southern Bank 

Organ (Species C,O, E G H (Species A,E,F,6,J) (Species A,B) (Species SNP TOTAL 



ologic lesions for each of the five cruises in 1976 . These data indicate 

that, overall, there was little difference between the various cruises . 

Since the vermilion snapper (SN) was sampled on all five cruises, the 

cardiac lesions tended to be more evenly distributed for each cruise . 
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low because species F (rock sea bass) was among the species sampled 

here . The factor responsible for the high incidence at the Southern 

Bank was the high incidence of cardiac lesions in the vermilion snapper 

(SN) . The percentages of lesions at Stations 1 and 3 were distributed 

approximately centrally between that of Station 2 and the Southern Bank . 

As was apparent in Table 1, Table 2 demonstrates that the stomach 

and liver were consistently higher than the other three organs in 

numbers and percentages of lesions, regardless of stations . Gastric 

lesions were consistently high at all stations . In contrast, the percen-

tages of hepatic lesions at Stations 1 and 2 were considerably less than 

that at Station 3 and the Southern Bank . The higher frequency at Station 

3 reflects the 100 percent incidence of liver lesions in species B (long-

spine porgy), which was sampled only at Station 3 . While species J 

(dwarf goatfish), Station 2, also had 100 percent hepatic pathology, 

this species was sampled only once . The vermilion snapper (SN), sampled 

at the Southern Bank, ranked high, not only in cardiac lesion, but also 

in gastric and hepatic lesions . 

The percentages of renal and muscle lesions at Stations 2, 3 and 

the Southern Bank were consistently low. This was in contrast to higher 

frequency of lesions in these two organs at Station 1 . This latter inci-

dence was apparently related to the consistently high frequency in 

species C (sand seatrout) and D (Atlantic croaker) which were sampled 

only at Station 1 . 

Table 3 is a summary of the number of organs containing histopath- 



NUMBER ON ORGANS CONTAINING HISTOPATt10LOGIC CONDITIONS FOR THE 

JULY, AUGUST, OCTOBER, NOVEMBER AND DECEMBER CRUISES, 1976 
SOUTH TEXAS OCS MONITORING STUDY 

TABLE 3 

July A! !Q October November December 

(Species A,B,C, (Species A,B,C, (Species A,B,C, (Species A,B,F, (Species A,B,C, 
Organ 0, SN) _ E,F SN O,E~F, SN) G,N , SN O,F,J, SN) TOTAL 

Heart 7'(23)** 4()2) 401) 607) 6(17) 2706) 
30 33 x -N 35 T-V8 

N 
Stomach 25(83) 22(67) 21(60) 26(74) 31(89) 125(74) 

X 35 68 N 

Kidney 0(0) 0(0) 2(6) 2(6) 12(34) 16(10) 
3b 33 R 35 35 168 

Muscle 0(0) 1(3) 7(20) 2(6) 4(11) 14(8) 
30 3~ 3~ 35 35 168 

Liver 15(50) 15(45) 24(69) 23(66) 27(77) 104(62) 
10 . 33 35 35 35 168 

TOTAL 47(31) 42(25) 5803) 59(34) 8006) 286(34) 
750 165 175 175 W840 

_ *Numerator : number of organs containing histopathologic conditions 

Denominator : number of organs sampled 

"Percentage of lesions 



related to parasitism caused by both protozoan and helminth parasites . 

Parasitism is a common observation in both freshwater and marine fish 

tissue . Among the nematodes infecting fish is Anisakis . A brief review 

of this parasite and its host fish species was recently reported 
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Gastric lesion incidence was large for all cruises, and displayed no 

monthly pattern . Kidney, muscle and liver lesions increased in number 

and percentage in the last three months of the year . Monthly sampling 

may be a significant factor in renal, muscular and hepatic pathology . 

Tables 4 through 8 show the histopathologic detail within each 

monthly sampling effort . The information presented in these five tables 

displays information already revealed in Tables 1, 2 and 3 . The inci-

dence of cardiac lesions was generally low except in the vermilion 

snapper (SN) . Kidney and muscle lesion frequency, while generally low 

compared to other organs, increased in the last three cruises . The 

incidence of stomach lesions was large and variable from month to month . 

The incidence of liver lesions was large and variable over the five 

cruises for Stations 1 and 2, but tended to increase over the five 

cruises for Station 3 and the Southern Bank . Specific comparisons 

between Tables 4 through 8 becomes more difficult to make since no 

species was sampled each month at each station. When the percentages of 

lesions within each station were compared from tenth to month, however, 

a trend was evident . This trend showed that Station 2 had the fewest 

lesions, Stations 1 and 3 more than Station 2, and the Southern Bank 

the greatest percentage . Further, all stations tended to display an 

increased frequency in lesions in the last three cruises . 

Qualitative Evaluation 

The lesions observed in each of the five organs were predominantly 



Heart $ (0)"" ~(0) 5(0) ~(~) ~(40) ~(80) 
30 

23) 

Stomach x(100) x(60) x(100) ~(BO) x(60) 5(100) 25 30(43) 

Kidney 0 ~0) 5(0) O(o) 5~O) 0(0) 
5(O) 30`x, 

Muscle ~(0) ~,(0) 510 5(0) ~(0) ~(0) 30t0~ 

Liver 3(60) 1(20) 3(60) 1(20) 5(100) 2(40) 15(50) 
5 5 5 5 30 

Subtotal 8(32) "(16) 8(32) 6(24) 10(40) 11(44) 
5 24 25 25 25 25 

TOTAL 12(21) 8(32) 16(32) 11(44) 47(31) 
50 25 50 25 150 

*Numerator : number of organs containing histopatholoyic conditions 

Denominator : number of organs sampled 

**Percentage of lesions 

N 
N 
1 
F-~ 
W 

TABLE 4 

NUMBER OF ORGANS CONTAINING NISTOPATNOLOGIC CONDITIONS 
PER NUMBER OF ORGANS SAMPLES ON THE JULY, 1976, CRUISE 

SOUTH TEXAS OCS MONITORING STUDY 

Station 1 Station 2 Station 3 Southern Bank 

pryenlSrrles ; C D A A 8 SN TOTAL 



Station 1 Station 2 Station 3 Southern Bank 

Organ/Species : C E A F A B SN 

Heart 0"(0)" * 0(0) 1(20) 0(0) 1(20) 1(20) 1(20) 
3 5 5 ' 5 ~ 5 

Stomach x(100) 5(100) x(40) x(20) 5(100) x(40) x(80) 

Kidney 3(0) 0(0) 5(0) 0(0) 5(0) 0(0) 0(8) 

Muscle ~(0) ~(0) 0~(0) ~(0) ~(0) ~(0) x(20) 

Liver 0(0) 1(20) 1(20) 1(20) 3(60) 5(100) 4(80) 
3 3 5 ~ 5 5 5 

Subtotal 3(20) 6(24) 4(16) 2(d) 936) H(32) - 10(40) 
T5 25 1'3 25 25 25 25 

TOTAL 40(22) 
5~`12) 

5034) 
25(40) 

*Numerator : number of organs containing histopatholo9lc conditions 

Denominator : number of organs sampled 

"Percentage of lesions 

r 
N 
1 
r 
S.- 

42(25) 
165 

TABLE 5 

NUMBER OF ORGANS CONTAINING HISTOPATHOLOGIC CONDITIONS 
PER NUMBER OF ORGANS SAMPLED ON THE AUGUST, 1976 

CRUISE . SOUTH TEXAS OCS MONITORING STUDY 

TOTAL 

4(12) 
33 

2(67) 
31 

~(0) 

1(3) 
33 

15(45) 
33 



Station 1 Station 2 Station 3 Southern Bank 

Organ/Species : C D E F A B SN 

Heart ~"(0)"" x(20) 5(20) 0(0) ~(0) ~(0) 2(40) 

Stomach 5(60) x(60) 5(40) x(60) 5(100) x(40) x(60) 

Kidney x(20) 5(20) ~(0) 5(0) 5(0) 5(U) 5(O) , 

Muscle 5(60) ~(20) ~I40I 5(O) 0 l0) 5(20) 5(0) 

liver 93(60) x(40) 5(80) ~(0) x(100) x(100) x(100) 

Subtotal 10(40) 8(32) 9(36) 3(12) 10(40) B(32) - 10(40) 
25 2~ 25 25 ~ 25 25 

TOTAL X0(36) 6b(24) ~~(36) x(40) 

*Numerator: number of organs containing histopathologic conditions 

Denominator: number of organs sampled 

"Percentage of lesions 

r 
N 
I 
N 

58(33) 
17-5 

TABLE 6 

NUMBER OF ORGANS CONTAINING HISTOPATHOLOGIC CONDITIONS 
PER NUMBER OF ORGANS SAMPLED ON THE OCTOBER, 1976 

CRUISE . SOUTH TEXAS OCS MONITORING STUDY 

TOTAL 

4(11) 
35 

21(60) 
35 

2(6) 
35 

7(20) 
35 

2~4~(69) 
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NUMBER OF ORGANS CONTAINING IIISTOPATHOLOGIC CONDITIONS 

PER NUMBER OF ORGANS SAMPLED ON THE NOVEMBER, 1976 

CRUISE . SOUTH TEXAS OCS MONITORING STUDY 

Station 1 Station 2 Station 3 Southern Bank 

OrganJSpecles : G N F G A B SN TOTAL 

Heart ~'(0)*" ~(O) 0(0) 5(0) x(20) ~(0) x(100) x(17) 

Stomach 5(80) x(100) 5(40) x(80) 5(100) 5(20) x(100) 35(74) 

Kidney 1(20) 0(0) 0(0) 0(0) 0(0) 1(20) 0(0) 2(6) 
5 5 5 5 5 5 5 35 

Muscle 0(0) 2(40) 0(0) 0(O) 0(0) 0(0) 0(0) 2(6) 
5 5 5 5 5 5 5 35 

Liver 5(20) 5(40) x(80) x(60) 5(d0) x(100) x(80) 35(66) 

Subtotal 6(24) 9(36) 6(24) -Z(28) - 10(40) 7(28) 14(56) 
23~ 25 25 25 2's 25 2-5 

TOTAL 50(30) 13(26) 17(34) x(56) X5(34) 

*Numerator : number of organs containing histopathologic conditions 

Denominator : number of organs sampled 

**Percentage of lesions 

F-~ 
N 
I 
N 

TABLE 7 



Station 1 Station 2 Station 3 Southern Bank 

Organ/Species : C D F J A B SN 

Heart 0*(0)*" 1(20) 1(20) 0(0) 0(0) 0(0) 4(80) 
5 '& 5 5 5 5 

Stomach 5(100) 5(60) ~(80) x(80) x(100) x(100) 5(100) 

Kidney x(100) ~ x(20) ~(O) x(40) 5(0) x(60) 5(20) 

Muscle x(40) 5(20) 5(0) 5(0) 5(0) 5(20) 5(0) 

Liver 5(80) x(60) 5(20) 5(100) x(100) x(100) 5(80) 

Subtotal 16(64) 9(36) 6(24) 11(44) 10(40) 14(56) 14(56) 
25 25 ~ l5 25 1~ 25 

TOTAL x(50) 50(34) 2~4~(48) x(56) 

"Numerator : number of organs containing histopathologic conditions 

Denominator : number of organs sampled 

"Percentage of lesions 

r 
N 
1 
N 
v 

~~(46 ) 

TABLE 8 

NUMBER OF ORGANS CONTAINING HISTOPATHOLOGIC CONDITIONS 
PER NUMBER OF ORGANS SAMPLED ON THE DECEMBER, 1976 

CRUISE . SOUTH TEXAS OCS MONITORING STUDY 

TOTAL 

6(17) 
35 

31(89) 
35 

12(34) 
35 

4(11) 
35 

27(77) 
35 



or within the muscle fibers (Figures 3 to 6) . A few of the parasitic 
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(Pippy and van Banning, 1975) . Many different species of trematodes are 

pathogenic to many fish species, as indicated in several recent reviews 

(Holmes, 1971 ; Klein, Olsen and Bowden, 1969 ; Schell, 1975 ; 1976 ; and 

Scott, 1975) . Cestode infections are also common to a large number of 

fish species (Sandeman and Burt, 1972) . Among the protozoa that invade 

fish tissues, the most prominent are Myxosporida and Iehthyophthirius 

spp . (Daniels, Herman and Burke, 1976 ; Landolt, 1973 ; Love and Moser, 

1976 ; Markiw and Wolf, 1974 ; Moser,Noble and Lee, 1976 ; Moser, Love and 

Jensen, 1976 ; Nigrelli, Polorny and Ruggieri, 1976) . Most of the above 

reports were concerned with the identification of the whole parasite, 

and substantiate parasitism as a major pathologic condition in fish . 

Few reports, on the other hand, pertain to the identification of para-

sites, especially metazoa, in tissue sections . 

Muscle 

Histology 

The muscle sections, sampled from blocks of tissue collected from 

the left dorsal trunk musculature, demonstrated striated muscle fibers 

cut obliquely and/or on cross section . The individual fibers were large 

and surrounded by small amounts of collagenous connective tissue fibers . 

Occasionally, nerve ganglia and nerve fibers were observed located between 

the muscle fibers . Blood vessels were also present in the interstitial 

connective tissue . 

Histopathology 

All of the muscular lesions observed were related to parasitism . 

The majority of these were protozoan cysts, with and without prominent 

capsules, located either between the muscle fibers (Figures 1 and 2) 
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Fig . 2 . S, caprinus , 
muscle . Same as fir-g .1, 
but enlarged to show cyst 
detail . H&E . 384X 
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Fig . 4 . T . lathami, 
muscle . Same as Fig .3, 
but enlarged to show cyst 
detail . H&E . 960X 
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Fig . 1 . S . ca rinus, 
muscle . Extralar 
protozoan cyst . H&E . 
240X 
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Fig . 3 . T, lathami, 
muscle . Intrac~fular 
protozoan cyst . H&E . 
384X 
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1, '~7 '40 ,AW 4, 
Fig . 5 . T . lathami, 
muscle . Intracellular 
protozoan cyst in more 
advanced state of matur-
ation than illustrated in 
Fig . 4 . H&E . 384X 
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Fig . 8 . S, ~ca rinus, 
muscle . Helmini para-
site . H&E . 96X 

Fig . 7 . P . burti, muscle . 
Helminth paras-ite . H&E . 
60X 
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Fig . 6 . T . lathami, 
muscle . Same a g.5, 
but enlarged to show 
detail . H&E . 960X 



Histopathology 

The lesions observed in the kidney samples were of a wide variety : 

protozoa in duct lumens (Figures 9 to 12), protozoa between duct epi-

thelial cells (Figure 14) or thickly encapsulated in the parenchyma as 

xenomas (Figure 13), remnants of helminth parasites, and an apparent 
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lesions were encysted helminths (Figures 7 and 8) . None of the lesions 

were associated with inflammatory reactions or the accumulation of 

unusual cell types . 

Kidney 

Histology 

The basic morphology of the renal tissue was the same for all 

species i.e ., nephrons embedded in varying amounts of hemopoietic tissue . 

Glomeruli were located peripherally, dorsal and lateral, within the 

main renal mass . Renal tubules were numerous . Their structure appeared 

similar to mammalian renal tubules with a layer of simple cubiodal 

epithelial cells with round, central, basophilic nuclei surrounded by an 

eosiaophilic cytoplasm. Wandering lymphocytes penetrating the tubular 

epithelium were seen only occasionally . 

Scattered through the kidney sections were areas of pigment-contain- 

ing cells (Figure 16) . The pigmented areas varied in number from kidney 

to kidney and appeared to be associated with the hemopoietic tissue . 

Delicate strands of collagenous fibers supported the renal parenchyma . 

Connective tissue was not conspicuous in the kidney except adjacent to 

large blood vessels . Acidophil cells were occasionally observed in the 

renal interstitium. Even though the cytoplasm was eosinophilic, the 

structure of acidophil cells resembled that of mammalian mast cells and 

not granular leukocytes . 
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Fig . 9 . C . arenarius, kid-
ney . Protozoa within lu-
men of renal duct (arrow 
a) . Normal renal tubule 
(arrow b) anal hemopoietic 
tissue (arrow c) . H&E 384X 

Fig . 10 . C . arenarius, 
kidney . Same as Fig .9, 
but enlarged to show 
protozoa detail . Fi&E . 
960X 

e 

AD I 17 7 

411 

11 
~ , 

ilr' '~ _ .+rr '~ `!- ''i 
Fig . 12 . L . campechanus , 
kidney . Same as Fig .ll, 
but enlarged to show 
protozoa detail . H&E . 
960X 
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Fig . 11 . L . campechanus , 
kidney . Protozoa within 
lumen of renal duct 
(arrow) . H&E . 384X 



r ,~,. ; t( 

p,~ x ;x 

+~,ay ~' ~ r 

.̀!b' 
~5 
~p, 

b �~ .~`~5 . y~ f . r 1, , . . .. 

f+ '~j: 1 ~ h~`S. 

Fig . 13 . C . arenarius, 
kidney . Thickly encap-
sulated protozoan cyst 
(arrow) . H&E . 96X 
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Fig . 14 . M .undulatus, 
kidney . Protozoa in renal 
duct epithelium (arrow) . 
H&E . 384X 
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Fig . 16 . U . a~rvus , 
kidney . Dense pigmented 
areas within renal tis-
sue (arrows) . H&E . 
240X 
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Fig . 15 . S . ca rinus, 
kidney . Renal tubular 
epithelial cells contain-
ing large amounts of 
lipid (arrow) . H&E . 
384X 



Histopathology 

Encysted helminth parasites or their remnants were infrequently 

observed (Figures 17 and 18) . The predominant cardiac lesions were 

approximately circular and measured about 24 Um. in diameter (Figures 

19, 20 and 21) . The outer wall of these lesions was cellular and sur-

rounded a central region of varying structure in apparent degenerative 

states . In the same hearts that contained the above lesions, there were 

protozoa-like cells aligned in rows along the cardiac muscle fibers 

(Figure 22), or arranged in aggregates between muscle fibers (Figure 23) . 

An extensive mqocarditis was associated with these lesions (Figure 19 

and 24) . It is suggested at this time that the protozoa-like structures 

were in fact protozoan, many of which were being walled off by connective 

tissue cells . 
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deposition of large amounts of lipid in tubule epithelial cells (Figure 

15) . Protozoa, free or encysted, were the most numerous parasitic 

observation . 

Heart 

Histology 

Sections of cardiac ventricular muscle revealed bundles of striated 

muscle fibers cut on one of three planes : cross-section, obliquely or 

longitudinally . Small amounts of collagenous connective tissue fibers 

supported the muscle cells and the abundant interstitial vascular supply . 

Occasional clumps of lightly pigmented cells were present, predominantly 

in the pericardium. Acidophil cells were occasionally observed in the 

pericardial region . 
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Fig . 18 . P . burti, 
heart . Same as Fig . 17, 

a) . but enlarged to show de- 
tails of the parasite . 
H&E . 384X 

Fig . 17 . P, burti, 
heart . Encyste=hel-
minth parasite (arrow 
Cardiac muscle fibers 
(arrow b) . H&E . 240X 

Fig . 20 . R . aurorubens, 
heart. Interstitial cys-
tic structure (arrow a) 
adjacent protozoa-like 
cells (arrow b) . H&E . 
384X 

Fig . 19 . R . aurorubens, 
heart. Cystic structure 
in interstitium (arrow 
a) . Myocarditis (arrow 
b) . Protozoa-like cells 
(arrow c) . H&E . 384X 
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Fig . 22 . R . aurorubens, 
heart . Protozoa-like 
cells arranged along 
cardiac muscle fibers . 
H&E . 960X 

Fig . 21 . R . aurorubens, 
heart . Same as Fig . 0, 
but enlarged to show de-
tail of cystic structure . 
H&E . 960X 

,_^! 
4~..V' ~ 

+r7~ 
r 1IY~ 

+f 4 / ~/ ~ l~, . �~ ` ~ � ~ 

V 
~~ , `, ' 

i 
j JY 

04 ' T, {~ ~((r,,

" ~~ ' ~#4 

,; 
L,

. 4 tr . v t (' ~V 1 

I�E ~~ ~ t~ +I~~t~s3 

_�. . . ~ 

Fig . 23 . R . aurorubens , Fig . 24 . R, aurorubens , 
heart . Aggregate of heart . Myocarditis 
protozoa-like cells in (arrow a) associated with 
cardiac interstitium . protozoa-like infection 
H&E . 960X (arrow b) . H&E . 394X 
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frequently than helminths. Helminth parasites in the submucosa repre-

sented the most intensive gastric infection . These represented sections 

of encysted trematodes, cestodes and nematodes (Figures 31 to 3b) . In 

addition, many encapsulated areas of degenerating parasitic foci could 

be detected in the submucosa (Figures 37 to-40) . Helminth parasites 

were observed in the tunics. muscularis occasionally . 

The submucosa of all stomachs exhibited varying amounts of inflam- 
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Stomach 

Histology 

The basic structure of the stomach wall reviewed in this report 

was similar to that of carnivorous animals : a well-developed mucosa 

with columnar epithelium cells, gastric glands and muscularis mucosa, 

a well-developed submucosa, and a tunica muscularis (Figures 25 and 26) . 

No parietal cells were observed in the glandular epithelium in any of 

the species examined . Occasionally, striated muscle fibers were present 

in the muscle tunic . 

Histopathology 

The majority of the histopathologic observations were lesions asso- 

ciated with parasitism . All gastric glands appeared normal except for 

three specimens . The glands in the latter three specimens were under-

going degeneration, apparently from pressure necrosis brought about by 

parasite-packed gastric lumens . 

Helminth parasites were occasionally seen in the mucosa or attached 

to the mucosal surface (Figure 27) . The most common mucosal-residing 

parasites were protozoa located among the gastric epithelial cells either 

as single cells or small groups (Figures 28 and 29) . 

Protozoa were also observed in the submucosa (Figure 30), but less 
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Fig . 26 . C . arenarius , 
stomach . 1Kucosa . Gastric 
epithelium (arrow a) and 
gastric glands (arrow b) . 
H&E . 240X 

.e 

Fig . 25 . C . arenarius , 
stomach . Cross section 
of gastric wall . Mucosa-
A ; submucosa-B ; tunica 
muscularis-C . H&E . 96X 
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Fig . 27 . R . aurorubens, 
stomach . He mint para-
site attached to gastric 
mucosa . H&E . 24X 

Fig . 28 . P . aquilonaris , 
stomach . Protozoa in 
gastric epithelium 
(arrow) . H&E . 960X 
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Fig . 30 . M, undulatus, 
stomach . Protozoa in 
gastric submucosa (arrow) . 
H&E . 960X 
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Fig . 29 . C . philadelphica , 
stomach. Protozoa in 
gastric epithelium 
(arrow) . H&E . 384X 
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Fig . 31 . C . arenarius, 
stomach . Helminth para-
site in gastric submucosa. 
H&E . 96X 
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Fig . 32, C . arenarius, 
stomach . 7He minth para-
site in gastric submuco-
sa . H&E . 96X 
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Fig . 34 . P, a uilonaris, 
stomach . Helmint para-
site in gastric submuco-
sa . H&E . 384X 
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Fig . 33 . P, a uilonaris, 
stomach . He mint para-
site in gastric submuco-
sa . H&E . 240X 
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Fig . 36 . C . arenarius, 
stomach . Helminth para-
site in gastric submuco-
sa . H&E . 96X 
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Fig . 35 . P, ~a u_ilonaris, 
stomach . Helminth para-
site in gastric submuco-
sa . H&E . 240X 
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Fig . 38 . P, aquilonaris , 
stomach . Cystic struc-
ture in gastric submuco-
sa . H&E . 96X 
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Fig . 37 . R . aurorubens, 
stomach . Cystic struc-
ture in gastric submuco-
sa . H&E . 240X 
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Fig . 39 . L, campechanus , 
stomach . Cystic struc-
ture in gastric submuco-
sa . H&E . 240X 
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Fig . 40 . P . aquilonaris , 
stomach . Cystic struc-
ture in gastric submuco-
sa . H&E . 240X 
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Hepatopancreas (exocrine pancreas) units were scattered through the 
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oratory reactions . Usually they were scattered foci of inflammatory 

cells, predominantly lymphocytes, plasma cells, or mixtures of these 

two cell types . Lymph nodules were not observed . 

Acidophil cells were a commonly observed cell type in the gastric 

tissue . While they were predominantly located in the submucosa, they 

were also present is the other two wall layers . In this study the 

presence and numbers of acidophil cells in the stomachs appeared to be 

directly correlated with the degree of parasitism . 

Liver 

Histology 

The general arrangement of the liver cytology was either tubular 

or muraliar . The tubular pattern consisted of six to eight hepatocytes 

surrounding a central sinusoid (Figure 41) . The muralium arrangement 

consisted of interweaving sheets of hepatocytes two cells thick, margi-

nated by sinusoids (Figure 42) . The muralitmm arrangement has been 

reported in freshwater teleosts (Anderson and Mitchum, 1974 ; Bucke, 1971 ; 

Bale, 1965 ; Hinton, Snipes and Rendall, 1972 ; Mukherjee and Bhattacharya, 

1975), while the tubular pattern was reported in more primitive marine 

Myxiniformes (Mugnaini and Harboe, 1967) . 

Hepatocytes were large cuboidal cells with prominent nuclei and 

nucleoli . The cytoplasm ranged from non-vacuolated (Figure 43) to 

extremely vacuolated (Figure 44) . Vacuolation of the hepatocytes may 

have beep due to glycogen and/or lipid accumulation . 

Sinusoids were lined by discontinuous endothelium and Kupffer cells . 

The sinusoids were either dilated or closed . Sinusoid dilation may have 

been a shock reaction to trawl entrapment and rapid decompression . 
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Fig . 43 . P, aquilonaris , 
liver . Hepatocytes with 
very little cytoplasmic 
vacuolation . H&E . 384X 
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Fig . 44 . C . philadelphica , 
liver . Hepatocytes with 
extreme cytoplasmic vacuo-
lation . H&E . 384X 
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Fig . 41 . C . philadelphica , 
liver . Hepatocytes 
arranged in a tubular 
pattern . H&E . 240X 

Fig . 42 . U . ap rvus , 
liver . Hepatocytes 
arranged in a muralium 
pattern . H&E . 384X 



type was a basophilic, biconcave disc which appeared in groups of two 

to five in cysts (Figure 48) . A second type, also encysted, had an 

eosinophilic plasma membrane and nuclei with basophilic nucleoli and 

colorless cytoplasm (Figure 49) . The third tape of protozoa, encysted 

in groups of three to five, had numerous eosinophilic granules (Figure 

SO) . A fourth type, observed between bile duct epithelial cells, con-

sisted of oval-shaped cells with an eosinophilic cytoplasm and baso-

philic nuclei (Figure 51) . 

Areas of necrotic hepatocytes with pyknotic nuclei were occasionally 

observed (Figure 52) . 
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hepatic parenchyma in all species observed (Figure 45) except the rock 

sea bass (F), rough scad (H), and the dwarf goatfish (J) . With hematox-

ylin and eosin stain, hepatopancreatic cells were basophilic with promi-

nent eosinophilic zqmogen granules at the apical end of the columnar 

cells . 

Groups of pigmented cells were also found in the hepatic parenchyma . 

These cells appeared yellow to gold in color (Figure 45) . Groups of 

pigmented cells have been reported in other species as ceroid cells 

and are considered a normal structure (Wood and Yasutake, 1956) . 

In the perihepatopancreaticspace, cells with acidophilic granules 

and basophilic nuclei (acidophil cells) were sometimes observed (Figure 

46) . 

Histopathology 

Pathologic lesions were primarily parasitic in nature . Cross-sec- 

tions of helminths were observed both in the liver parenchyma and hepato-

pancreas (Figure 47) . 

Four types of protozoa were observed in the hepatic tissue . One 
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Fig . 46 . C . arenarius, 
liver . Tie =s at the 
arrows are acidophils . 
H&E . 384X 
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Fig . 48 . S . ca rinus, 
liver . Basophilic 
biconcave disc protozoon 
at arrow . H&E . 960X 
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Fig . 47 . U, ap ~vus , 
liver . A helminth be-
tween hepatopancreas and 
hepatic parenchyma . 
H&E . 240X 
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liver . Dark staining 
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Fig . 49 . S . c~apr~inus, 
liver . Nucleat~pro-
tozoon at arrow . H&E . 
960X 

Fig . 50 . U . ap rvus , 
liver . Protozoon with 
eosinophilic granules at 
arrow . H&E . 960X 
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Fig . 52 . P . a uilonaris, 
liver . Area o necrotic 
hepatocytes with pyknotic 
or absent nuclei . H&E . 
384X 

Fig . 51 . S . caprinus , 
liver . Protozoon in 
epithelium of bile duct 
at~arrow . H&E . 960X 



the smallest percentage of lesions and the vermilion snapper the largest . 

5 . The vermilion snapper also demonstrated the largest percentage 

of cardiac lesions . 

6 . There was a tendency for kidney and muscle lesions to be more 

numerous in the sand seatrout . 

7 . There was a tendency for kidney, muscle and liver lesions to be 

more numerous in specimens collected during the last three cruises, 

October, November and December, than during the first two cruises, July 
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SUMMARY AND CONCLUSIONS 

The qualitative and quantitative information obtained thus far in 

the histopathologic study of demersal fish demonstrated that parasitism 

was the major cause of lesions . Lesions that may be related to other 

etiologic agents were not observed . Parasitism caused varying degrees 

of necrosis, especially in the liver and stomach . Adjacent to their 

lesions, however, the general integrity of the organ tissues was 

maintained . 

Although it may be too early to make significant comparisons 

regarding the histopathology of the fish used in this investigation, 

some trends may already be evident. Following is a summary of these 

observations . 

1 . About one-third of the organs collected demonstrated pathologic 

conditions, most of which were parasitic lesions . 

2 . The protozoan parasites appeared to be both microsporidia and 

myxosporidia . 

3 . Helminth parasites were larval trematodes, cestodes and nema- 

todes . 

4 . Among the 10 species of fish examined, the rock sea bass had 
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and August . 

8 . The stomach and liver tissues were more frequently involved with 

parasitism than the muscle, kidney and heart . This was apparently 

unrelated to species, station or monthly cruise . 

9 . The overall percentage of lesions was larger in fish obtained 

from the Southern Bank than at other stations, while the smallest per-

centage of lesions occurred in fish obtained from Station 2 . These 

observations were due to the vermilion snapper sampled at the Southern 

Bank and the rock sea bass sampled at Station 2 . 

10 . All stations showed a tendency for the percentages of lesions 

in fish to increase over the last three monthly cruises, October, November 

and December . 
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The purpose of this portion of the histopathological effort was 
twofold : first, to establish the normal seasonal (physiological) changes 
in the histology of the male and female gonads ; and, second, to examine 
the gonads for pathological conditions . Seasonal changes in the histol-
ogy of the gonads were only partially established, since the survey was 
conducted for only 6 months . Gonadal tissues were examined for patholo-
gical conditions and/or parasites . A number of pathological conditions 
was found in these tissues, but the incidence of pathology in the gonads 
was only 16 .7 percent . 
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ABSTRACT 

During this initial effort in the histological-histopathological 
survey of gonadal tissue of macroepifauna and demersal fishes of the 
South Texas Outer Continental Shelf, tissues were collected during the 
period July through December 1976 . The Work Statement called for 5 
samplings x S species x 5 specimens per species x 3 stations for a total 
of 375 specimens . Seventeen species and 456 specimens were collected . 
The additional species and specimens were necessary to maintain contin-
uity and assure proper controls . 



changes occurring in gonadal tissues . In contrast to other tissues not 

seasonally dependent, the gonads are constantly changing according to 

the breeding season . Since gonadal tissues are constantly changing 

throughout the reproductive cycle (Andrew and Hickman, 1974 ; Bloom and 

Fawcett, 1975 ; Hoar, 1969 ; Sadlier, 1973), it is important to know what 

changes normally occur before attempting to assign a pathological condi-

tion to such changes . Each species has its own inherent reproductive 
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INTRODUCTION 

The histological-histopathological baseline study of the macroepi-

fauna and demersal fishes of the South Texas Outer Continental Shelf was 

initiated in the summer of 1976 . During this initial partial effort, 

one seasonal and four monthly collections were made . Physiological 

conditions and pathological changes and/or occurrences were monitored 

and catalogued . This study consisted of the survey of : (1) invertebrate 

tissues from the gut, liver, kidney and muscles ; (2) vertebrate tissues 

from the gut, liver, kidney, heart and muscles ; (3) invertebrate and 

vertebrate gonads ; and (4) karyotqpe analyses of vertebrate and inverte-

brate species . Items one and two are reported on elsewhere in this report 

by Drs . Haenslq and Neff . 

This report deals with the survey of histological-histopathological 

conditions of gonadal tissue . The karyotype analysis of vertebrate and 

invertebrate species met with technical difficulties . Raryotype analyses 

are included as an addendum to this report . The analysis of the gonad 

and gonadal tissues of vertebrates and invertebrates aids in the establish-

went of normal physiological changes . The survey also monitors any path-

ological conditions already occurring in these tissues. 

It is important to first establish the normal reproductive cycle 



Sampling 

Samples for histopathological analysis were taken during five trawl- 

ing cruises, one seasonal and four monthly . Collections were taken at Stations 
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cycle that puts it at a different phase at any given period (Bums, 1976 ; 

Larson, 1972 ; Liley, 1969 ; Fuller et al ., 1976 ; Schwassmann, 1971) . 

This makes it difficult to generalize concerning tissue condition . An 

additional problem is the fact that individuals within the same species 

may be at different phases in the reproductive cycle . The gonadal 

tissues being of two types, male and female, further compound the prob-

lem of establishing normal conditions . The collection of additional 

individuals per species is required to insure equal (or close to equal) 

distribution of male and female specimens . A partial reproductive cycle 

is reported herein for those species collected during the majority of 

the collecting efforts . The other species provide back-up data since it 

is difficult to predict which species will be available during any given 

collecting effort . 

The pathology of the ovary and testes as reported herein is primar- 

ily limited to certain major conditions . Parasites are normally easy to 

identify and their effects on the tissue and/or organ readily seen . 

Without an established histological reproductive pattern, it is diffi-

cult to know if conditions such as interstitial cell and fibroblast 

infiltration are part of the normal cycle or pathological . 

The karyotype analysis was initiated without any reportable success . 

Due to technical problems, the analysis of chromosomes is planned as a 

separate effort to establish proper methodology under controlled condi-

tions not possible in this initial effort . 

METHODS AND MATERIALS 
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1, 2 and 3, Transect II, with a 35-ft (10.7 m) standard otter trawl set to 

sample epifauna and near-surface infauna ; and at Southern Bank demersal 

fish were collected with a hook and line . Whenever possible, 

10 individuals of each species were collected to insure equal distribution 

of male and female specimens (Tables 1-13) . 

The BLM contract called for minimal sampling of 3 stations x 5 spe- 

cies x 5 individuals per species x 5 months for a total of 375 specimens . 

Total samples collected were 456 . Since all species were not evenly dis-

tributed spatially or temporally, additional species were collected to 

insure sampling continuity from one cruise to another . This provided an 

overlap in the species available during different cruises . Since a goal 

of this study is to provide a catalogue of seasonal changes as well as any 

pathological conditions, continuity must be maintained . Tables 1-13 show 

that the species collected were not present in every trawl . By increasing 

the number of species sampled, continuity was maintained . The vermilion 

snapper (RhombopZites aurorubens), collected by hook and line at the 

Southern Bank Station, was a good representative of a demersal fish spe-

cies as it was always caught during such sampling efforts (Table 7), 

In this study, not only was gonadal histology investigated but sea- 

sonal changes in male and female tissues as well . The need for up to 10 

specimens per species is important in obtaining equal numbers of males and 

females, since secondary sexual characteristics are not always evident . 

Also, it is important to collect, whenever possible, the same species 

every cruise . 

Collecting 

Specimens selected for sampling were processed on board ship to 

avoid any post-mortem histological changes (Galigher and Kozloff, 1971 ; 



m = Male 
gc = Predominantly Germ Cells 
d = Developing - Predominantly Spermatogonia, Primary and Secondary 

Spermatocytes 
s = Maturing Stage - Predominantly Spermatids 
v =Variable - Several stages present ; or different animals varying in 

stage of gamete development 

f =Female 
e =Early Development, Small Oocytes 
1 =Large Oocytes, No Yolk Platelets 
y = Vitellogenesis - Large Oocytes with yolk platelets ; large follicle 

cells ; chorion and zona radiata present 
v = Variable - Several sizes of oocytes; or different animals varying in 

stage of gamete development 
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TABLE 1 

WENCHMAN (Z'ristipomoides aquiZonaris) - DISTRIBUTION 
OF SPECIMENS COLLECTED EACH MONTH PER STATION ALONG 

TRANSECT II DURING JULY THROUGH DECEMBER 1976 
AND STAGES OF GAMETOGENIC DEVELOPMENT 

Gametogenic 
1/II 2/II 3/II Stake 

July - 3 m 2 m d 
- 2 f 3 f e,l,y,v 

August - 1 m 6 m d,s 
- 4 f 4 f e 

October - - 4 m d 
- - 6 f 1 

November - - 4 m d 
- - 6 f e,1 

December - - 3 m d 
- - 2 f e,1 



m = Male 
gc = Predominantly Germ Cells 
d = Developing - Predominantly Spermatogonia, Primary and Secondary 

Spermatocytes 
s = Maturing Stage - Predominantly Spermatids 
v =Variable - Several stages present ; or different animals varying in 

stage of gamete development 

f =Female 
e = Early Development, Small Oocytes 
1 = Large Oocytes, No Yolk Platelets 
y = Vitellogenesis - Large Oocytes with yolk platelets ; large follicle 

cells ; chorion and zona radiata present 
v = Variable - Several sizes of oocytes ; or different animals varying is 

stage of gamete development 
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TABLE 2 

LONG SPINE . PORGY (Stenotomus eaprinus) - DISTRIBUTION 
OF SPECIMENS COLLECTED EACH MONTH PER STATION ALONG 

TRANSECT II DURING JULY THROUGH DECEMBER 1976 
AND STAGES OF GAMETOGENIC DEVELOPMENT 

Gametogenic 
1/11 2/11 3/11 Stage 

July - - 3 m gc 
- - 2 f e 

August - - 3 m gc 
- - 4 f e 

October - - 4 m gc,d 
- - if e 

November - - 2 m d,s 
- 8 f e,l,y,v 

December - 1 m 3 m d,s 
- 1 f 2 f 1,y 



TABLE 3 

SAND SEA TROUT_ (G'ynoseion arercartius) - DISTRIBUTION 
OF SPECIMENS COLLECTED EACH MONTH PER STATION ALONG 

TRANSECT II DURING JULY THROUGH DECEMBER 1976 
AND STAGES OF GAMETOGENIC DEVELOPMENT 

Gametogenic 
1/II 2/II 3/II Stage 

3 m - - s 
3 f - - 1,y 

0 m - - 
3 f - - e,v 

7 m - - s 
3 f - - e 

0 m - - 
lf - - e 

0 m - - - 
5 f - - e 

December 

m = Male 
gc = Predominantly Germ Cells 
d = Developing - Predominantly Spermatogonia, Primary and Secondary 

Spermatocytes 
s = Maturing Stage - Predominantly Spermatids 
v =Variable - Several stages present ; or different animals varying in 

stage of gamete development 

f =Female 
e =Early Development, Small Oocytes 
1 = Large Oocytes, No Yolk Platelets 
y = Vitellogenesis - Large Oocytes with yolk platelets ; large follicle 

cells ; chorion and zona radiata present 
v =Variable - Several sizes of oocytes; or different animals varying in 

stage of gamete development 

July 

August 

October 

November 
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m = Male 
gc = Predominantly Germ Cells 
d a Developing - Predominantly Spermatogonia, Primary and Secondary 

Spermatocytes 
s = Maturing Stage - Predominantly Spermatids 
v =Variable - Several stages present ; or different animals varying in 

stage of gamete development 

f =Female 
e a Early Development, Small Oocytes 
1 a Large Oocytes, No Yolk Platelets 
y = Vitellogenesis - Large Oocytes with yolk platelets ; large follicle 

cells ; chorion and zona radiata present 
v = Variable - Several sizes of oocytes ; or different animals varying in 

stage of gamete development 
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TABLE 4 

ATLANTIC CROAKER (Mieropogon undulates) - DISTRIBUTION 
OF SPECIMENS COLLECTED EACH MONTH PER STATION ALONG 

TRANSECT II DURING JULY THROUGH DECEMBER 1976 
AND STAGES OF GAMETOGENIC DEVELOPMENT 

Gametogenic 
1/II 2/II 3/II Stage 

July 1 m - - s 
4 f - - 1 

August - - - - 

October 6 m - - s 
4 f - - e,1 

November 2 m - - s 
0 f - - - 

December 1 m - - s 
3f - - e 



Gametogenic 
1/II 2/II 3/II Stage 

July - - - - 

August 0 m - - 
3 f - - e 

October - 4 m - s 
6 f - e 

November - - - - 

December - - - - 

m = Male 
gc = Predominantly Germ Cells 
d = Developing - Predominantly Spermatogonia, Primary and Secondary 

Spermatocytes 
s = Maturing Stage - Predominantly Spermatids 
v = Variable - Several stages present ; or different animals varying in 

stage of gamete development 

f =Female 
e =Early Development, Small Oocytes 
1 =Large Oocytes, No Yolk Platelets 
y = Vitellogenesis - Large Oocytes with yolk platelets ; large follicle 

cells ; chorion and zona radiata present 
v =Variable - Several sizes of oocytes ; or different animals varying in 

stage of gamete development 
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TABLE 5 

BUTTERFISH (PepriZus burti) - DISTRIBUTION 
OF SPECIMENS COLLECTED EACH MONTH PER STATION ALONG 

TRANSECT II DURING JULY THROUGH DECEMBER 1976 
AND STAGES OF GAMETOGENIC DEVELOPMENT 



Gametogenic 
1/II 2/II 3/II Stage 

July - 

August - 0 m - - 
6 f - e 

October - 0 m - - 
- 5 f - 1 

November - 0 m - - 
- 5 f - e,l,y 

December - 0 m - 
- 5 f - e,l,y 

m = Male 
gc = Predominantly Germ Cells 
d = Developing - Predominantly Spermatogonia, Primary and Secondary 

Spermatocytes 
s = Maturing Stage - Predominantly Spermatids 
v = Variable - Several stages present ; or different animals varying in 

stage of gamete development 

f =Female 
e =Early Development, Small Oocytes 
1 = Large Oocytes, No Yolk Platelets 
y = Vitellogenesis - Large Oocytes with yolk platelets; large follicle 

cells ; chorion and zona radiata present 
v a Variable - Several sizes of oocytes ; or different animals varying in 

stage of gamete development 
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TABLE 6 

ROCK SEA BASS (Centropristis phiZadeZphica) - DISTRIBUTION 
OF SPECIMENS COLLECTED EACH MONTH PER STATION ALONG 

TRANSECT II DURING JULY THROUGH DECEMBER 1976 
AND STAGES OF GAMETOGENIC DEVELOPMENT 



f =Female 
e =Early Development, Small Oocytes 
1 =Large Oocytes, No Yolk Platelets 
y = Vitellogenesis - Large Oocytes with yolk platelets; large follicle 

cells ; chorion and zones radiates present 
v = Variable - Several sizes of oocytes ; or different animals varying in 

stage of gamete development 
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TABLE 7 

VERMILION SNAPPER (RhombopZites aurorubens) - DISTRIBUTION 
OF SPECIMENS COLLECTED EACH MONTH AT SOUTHERN BANK 

TRANSECT II DURING JULY THROUGH DECEMBER 1976 
AND STAGES OF GAMETOGENIC DEVELOPMENT 

Gametogenic 
S.B . Stage 

July '4 m d, s 
3f e 

August 4 m d,s 
2 f e,l,y 

October 6 m gc,s,v 
4 f e 

November 3 m gc,s,v 
2 f e 

December 4 m gc 
2 f e 

m = Male 
gc = Predominantly Germ Cells 
d = Developing - Predominantly Spermatogonia, Primary and Secondary 

Spermatocytes 
s = Maturing Stage - Predominantly Spermatids 
v =Variable - Several stages present ; or different animals varying in 

stage of gamete development 



f =Female 
e = Early Development, Small Oocytes 
1 =Large Oocytes, No Yolk Platelets 
y = Vitellogenesis - Large Oocytes with yolk platelets ; large follicle 

cells ; chorion and zona radiata present 
v = Variable - Several sizes of oocytes ; or different animals varying in 

stage of gamete development 
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TABLE 8 

RED SNAPPER (Lutjanus carnpechanus) - DISTRIBUTION 
OF SPECIMENS COLLECTED EACH MONTH AT SOUTHERN BANK 

TRANSECT II DURING JULY THROUGH DECEMBER 1976 
AND STAGES OF GAMETOGENIC DEVELOPMENT 

Gametogenic 
S .B . Stage 

July - 

August 4 m gc 
2 f e,v 

October - - 

November 2 m d,s 
0 f - 

December - - 

m s Male 

gc = Predominantly Germ Cells 
d = Developing - Predominantly Spermatogonia, Primary and Secondary 

Spermatocytes 
s =Maturing Stage - Predominantly Spermatids 
v =Variable - Several stages present ; or different animals varying in 

stage of gamete development 



m = Male 
gc - Predominantly Germ Cells 
d - Developing - Predominantly Spermatogonia, Primary and Secondary 

Spermatocytes 
s = Maturing Stage - Predominantly Spermatids 
v =Variable - Several stages present ; or different animals varying in 

stage of gamete development . 

f =Female 
e = Early Development, Small Oocytes 
1 = Large Oocytes, No Yolk Platelets 
y = Vitellogenesis - Large Oocytes with yolk platelets ; large follicle 

cells ; chorion and zona radiata present 
v a Variable - Several sizes of oocytes ; or different animals varying in 

stage of gamete development 
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TABLE 9 

BROWN SHRIMP (Penaeus aztecus) - DISTRIBUTION 
OF SPECIMENS COLLECTED EACH MONTH PER STATION ALONG 

TRANSECT II DURING JULY THROUGH DECEMBER 1976 
AND STAGES OF GAMETOGENIC DEVELOPMENT 

Gametogenic 
1/II 2/II 3/II Stage 

July - 1 m - gc,d,s,v 
- 2 f - 1 

August 0 m - - - 
5 f - - 1 

October 4 m 2 m - d 
6 f 6 f - 1,y 

November 6 m 3 m - - 
5 f 5 f - 1,y 

December 1 m 1 m - d 
1 f 5 f - 1,y 



m = Male 
gc = Predominantly Germ Cells 
d =Developing - Predominantly Spermatogonia, Primary and Secondary 

Spermatocytes 
s = Maturing Stage - Predominantly Spermatids 
v =Variable - Several stages present ; or different animals varying in 

stage of gamete development 

f =Female 
e =Early Development, Small Oocytes 
1 a Large Oocytes, No Yolk Platelets 
y = Vitellogenesis - Large Oocytes with yolk platelets ; large follicle 

cells ; chorion and zona radiata present 
v =Variable - Several sizes of oocytes ; or different animals varying in 

stage of gamete development 
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TABLE 10 

BLUE CRAB (CaZZinectes stimiZis) - DISTRIBUTION 
OF SPECIMENS COLLECTED EACH MONTH PER STATION ALONG 

TRANSECT II DURING JULY THROUGH DECEMBER 1976 
AND STAGES OF GANIETOGENIC DEVELOPMENT 

Gametogenic 
1/II 2/II 3/II Stage 

July - 2 m - d,s,v 
0 f - - 

August 8 m 3 m - gc,d,s,v 
2 f 4 f - 1 

October - 3 m - d 
- 5 f - l,y,v 

November - 1 m - d 
1 4 f - 1,y 

December - - - - 



Gametogenic 
1/II 2/II 3/II Stage 

- - 6 m d 
- - o f - 

- - 2 m d 
- - 5 f l,y,v 

- - 8 m d- 
- - 2 f y 

December 

m = Male 

gc = Predominantly Germ Cells 
d =Developing - Predominantly Spermatogonia, Primary and Secondary 

Spermatocytes 
s = Maturing Stage - Predominantly Spermatids 
v =Variable - Several stages present ; or different animals varying in 

stage of gamete development 

f =Female 
e = Early Development, Small Oocytes 
1 =Large Oocytes, No Yolk Platelets 
y = Vitellogenesis - Large Oocytes with yolk platelets ; large follicle 

cells ; chorion and zona radiata present 
v =Variable - Several sizes of oocytes ; or different animals varying in 

stage of gamete development 

July 

August 

October 

November 
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TABLE 11 

PORTUIVID CRAB (Portunus spinicarpus) - DISTRIBUTION 
OF SPECIMENS COLLECTED EACH MONTH PER STATION ALONG 

TRANSECT II DURING JULY THROUGH DECEMBER 1976 
AND STAGES OF GAMETOGENIC DEVELOPMENT 



m = Male 
gc = Predominantly Germ Cells 
d = Developing - Predominantly Spermatogonia, Primary and Secondary 

Spermatocytes 
s = Maturing Stage - Predominantly Spermatids 
v a Variable - Several stages present ; or different animals varying in 

stage of gamete development 

f = Female 
e = Early Development, Small Oocytes 
1 =Large Oocytes, No Yolk Platelets 
y = Vitellogenesis - Large Oocqtes with yolk platelets ; large follicle 

cells ; chorion and zona radiata present 
v a Variable - Several sizes of oocytes ; or different animals varying in 

stage of gamete development 
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TABLE 12 

SQUID (LoZigo peaZei) - DISTRIBUTION 
OF SPECIMENS COLLECTED EACH MONTH PER STATION ALONG 

TRANSECT II DURING JULY THROUGH DECEMBER 1976 
AND STAGES OF GAMETOGENIC DEVELOPMENT 

Gametogenic 
1/II 2/II 3/II State 

July - 2 m - gc,d,s 
- 3 f - 1,y 

August 3 m 0 m - gc,d,s 
3 f 1 f - 1,y 

October 2 m 3 m 1 m gc,d,s 
5 f 3 f 0 f 1,y 

November 5 m 3 m 2 m gc,d,s 
3f 2f Of 1,y 

December - 3 m 1 m gc,d,s 
- 4 f 0 f 1,y 



m = Male 
gc = Predominantly Germ Cells 
d =Developing - Predominantly Spermatogonia, Primary and Secondary 

Spermatocytes 
s = Maturing Stage - Predominantly Spermatids 
v = Variable - Several stages present ; or different animals varying in 

stage of gamete development 

f =Female 
e =Early Development, Small Oocytes 
1 =Large Oocytes, No Yolk Platelets 
y = Vitellogenesis - Large Oocytes with yolk platelets ; large follicle 

cells ; chorion and zona radiata present 
v = Variable - Several sizes of oocytes ; or different animals varying in 

stage of gamete development 
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TABLE 13 

PAPER SCALLOP (Amusiwn papyraceus) - DISTRIBUTION 
OF SPECIMENS COLLECTED EACH MONTH PER STATION ALONG 

TRANSECT II DURING JULY THROUGH DECEMBER 1976 
AND STAGES OF GAMETOGENIC DEVELOPMENT 

Gametogenic 
1/II 2/II 3/II Stake 

July - - - - 

August - - - 

October - - 4 m gc 
- - 4 f e,v 

Novemb2r - - 6 m d 
- - 6 f e,1 

December - - 10 m d,s 
- 10 f 1,y 



gonadal tissue . Invertebrate animals were dissected'on board, the gonads 

removed, sectioned and fixed . In several cases (shrimp and crabs), it 

was necessary to fix the animal in to to, so the animal was decapitated, 

the abdomen removed, the exoskeleton peeled off and the thorax only placed 

in the fixative . 

Fixatives used were Bouin's (picric-acetic-formalin), Dietrich's 

(acetic-alcohol-formalin) and buffered formalin (Conn et at ., 1965 ; Gali-

gher and Kozloff, 1971 ; Gurr, 1962 ; Guyer, 1953) . These three fixatives 
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Gurr, 1962 ; Guyer, 1953) . This became critical in samples from Station 3, 

Transect II, because these were from deeper waters than at Stations 1 and 

2, and tended to undergo rapid changes due to pressure changes . Whenever 

possible, the animals were kept alive in a holding tank until processed . 

Gonads were removed from the animals as soon as possible . Fish gonad 

size ranged from 2 to 10 mm in diameter and from 10 to 50 mm in length . 

Initially the gonads were sectioned into short segments (5 mm2) and fixed . 

Subsequently (second cruise), gonads were fixed in to to . This change in 

technique was necessary due to the texture of the fish gonads . Fish gonads 

tend to roll back upon themselves when sectioned due to the highly elastic 

tunica (Roar, 1969 ; Nelsen, 1953) . This resulted in severely distorted 

tissues . Fixing gonads in toto does not alter the procedure significantly 

since most gonads are less than 10 mm in diameter and the fixatives can 

penetrate into the tissues rapidly . More importantly, in toto fixation 

prevents tissue distortion . Secondly, it enables the study of germinal 

development for possible sequential maturation of germinal cells . By pre-

serving the entire gonad and maintaining orientation, material can be 

obtained from the distal, medial and proximal areas and any variation in 

germ cell maturation may be analyzed . 

Invertebrate gonadal tissues did not present the same problem as fish 



due to their texture or nature . Slides of each specimen were stained in 

Heidenhain's iron-hematoxylin/eosin (Galigher and Kozloff, 1971) and addi-

tional slides of each specimen stained with the Feulgen nuclear reaction 

(Guyer, 1953) . Mallory's triple stain (Galigher and Kozloff, 1971 ; Gurr, 

1962), a connective tissue and all-purpose stain was employed to detect 

high infiltration of £ibroblasts and connective tissue . For study_of the 

normal reproductive cycle in each species, a total of six slides sere 

prepared . Sections were prepared from three areas of each ovary and testes 

to ascertain if differential and/or subsequential development was-occur- 

ring in any of the specimens . 
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were chosen and used because of the versatility allowed in staining reac= 

tions and their fixing capabilities . 

Laboratory Processing 

Tissues were processed according to standard procedures for a given 

fixative . Tissues were trimmed, or further trimmed, prior to laboratory 

processing . Fixatives were washed from the tissues, and the tissues were 

dehydrated and embedded according to the following flow chart : 

WASH OUT FIXATIVE - Several changes of 70% ETHANOL 

Y 
DEHYDRATE - 70% - 1002 ETHANOL (Alcohol Series) 

CLEAR JXYLENE :ETHANOL 

JXYLENE 

EMBED J3 CHANGES PARAFFIN 

SECTION- 5 MICROMETERS 

AFFIX TT SLIDES 

STAIN t 

Tissues were sectioned at 5 um . Some tissues were sectioned at 10 um 



1976 . One shrimp,(PenaEUS azteeus, brown shrimp), two crabs (CaZZineetes 

stimiZis, blue crab ; and Portunus spinicarpus, 'Portunid crab) and two 

molluscs (LoZigo peaZei, squid ; and Antusium papyraeeus, paper scallop) 

were collected . Two additional shrimp species were collected but are not 

included in this report . Of the invertebrate species collected, the squid 

was the only species collected every time at the various stations (Table 

12) . As with the fishes, two or three years of sampling will be necessary 

to establish the reproductive cycles of the invertebrate species . 
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RESULTS 

Seventeen (17) species (456 samples) were collected between July and 

December and 13 species (383 samples) are reported herein . The four spe-

cies omitted were collected either once during the five sampling efforts, 

or several times but in limited numbers . Since one of the objectives was 

to establish normal reproductive cycles (histological changes), these four 

species were processed and archived for later use should they recur in 

ample, numbers in the collecting effort . 

Tables 1 through 8 list the fish collected during this study period 

and their gametogenic stage . The wenchman (Pristipomoides aquiZonaris), -

longspine porgy (Stenotomus eaprinus) and vermilion snapper (RhombopZites 

aurorubens) were the most abundant and consistent species . Reproductive 

cycles for these species are partly established . For many species, the 

reproductive cycle is not synchronous (Blaxter, 1969 ; Burns, 1976 ; Dorfnan, 

1976 ; Fuller et aZ ., 1976 ; Hoar, 1969 ; Sadleir, 1973) and in a given month, 

the reproductive phase will vary aver a wide range of development . Two to 

three years must be sampled to establish this pattern . No hermaphroditic 

fish were observed (Dorfman, 1976 ; Yamamoto, 1969) . 

Tables 9 through 13 present the invertebrate species collected in 



sites (Figures 5, 15, 17) . In several cases the nematode had penetrated 

and invaded the gonad, while in other eases, the parasite was associated 

with the gonad on the periphery or in the connective tissue or mesentery 

supporting the gonad . The brown shrimp specimens (P. azteeus) usually 

had parasites embedded in the gonadal tissues, but they were frequently 

observed peripherally, mainly in the hemocoel . In such cases, the parasite 

was also invading other tissues or moving freely within the hemocoel . 

Gonads that failed to develop, whether male-or female, often appeared 

to be associated with nematode parasitism (Figures 3, 4, 5) . In such 

cases, the parasite invasion was often not in the gonad, but in the sup-

porting tissue . The parasites appeared to block normal blood flow. 
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A variety of pathological conditions was observed (Figures 1-20) . Of 

the 383 samples analyzed, 64 individuals (16 .7X) demonstrated some patholo-

gical condition . In several cases, more than one condition was observed . 

The most commonly observed condition was an amorphous material (acellular 

mass)(Figures 11-14) in most of the longspine porgy specimens, both male 

and female . These were large spherical masses occupyigg various areas of 

the gonad . No distribution patterns were observable . The masses varied 

considerably in size, stained poorly with hematoxylin-eosin, were Feulgen 

reaction negative (no DNA), and stained faintly with Mallory's triple 

stain . Under high magnification, the masses appeared as irregular spheres, 

were crystalline-like and possessed no cellular characteristics . In some 

cases, "mitotic-like" Feulgen positive (DNA positive) figures were present 

(Figure 14) . In the testes these masses were usually surrounded by con-

nective tissue of fibroblast cells, while in the ovaries they were usually 

within the ovigerous fold, surrounded by follicular tissue (Figure 12, 

Table 14) . 

The second most common condition was the presence of nematode para- 
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Figure 2 - Wenchman-Atretic 
oocytes with large vesicles 
(v) and large amount of 
fibroblast (fb) . 220X 
Mallory's Triple Stain 
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Figure 1 - Vernullion Snapper 
iqozmal oocytes in avige-
rous fold. (e) early de-
veloping oocyte: (fc) fol-
licle cells ; (zr) zona~ ra-
diata & chorion : (Y) yolk, 
platelets ; (9v) 9enninal 
vesicle . 220X Mallory's 
Triple Stain 
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Figure 5 - Wenchman-Hyperplas-
tic growth (h) and cross 
section of nematode para-
site (p) in connective tissue 
supporting gonad . 540X H&E . 

Figure 6 - Wenchman-Ovigerous 
fold with several developing 
stages of oogenesis plus an 
atretic oocyte (a) that has 
been reabsorbed leaving 
behind a cyst . 220X H&E . 
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Figure 7 - -
zation (l'iY) of aamective 
tissue between ovigezbus 
fold and ovarian wall . 
220X H&E 

Figure 8 - Butterfish-Large 
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Figure 10 - Atlantic Cmaker -
High magnification (540X) 
of ovary parasitized by ne-
matodes, showing neaPlastic 
growth and high amount of 
vascularization (arrows) . 
H&E 



w 

1 37i~ ' ~~ 
t}u 

.: 

4t~5~ 

SI 

A 

~ ~ yt~) ~d~ ~'` 

4 
. . . Figure 1l. - LQT'1CJ-Sp1fl8d Porgy 

ovary with outpoclceting 
WG1 LiGYigZLJYrtl" LiGYi wall with 

large aanount of blood cells 
infiltration & vesicula-

'~ a~ tion. Thickened wall with 
aoellular mass M# amor-

' material (arrows) . phous 
135X H&E Y 

!V . 1~ 

Y46 ' 

-, -~' 

R'~' ?!. 

.`~ I 

i 

tee�, 

IM 
I. 

. 
ki 

f 

Figure 12 - Long Spined Porgy-
Amorphous material in ovi-
gerous fold. 220X HOE 

..�~, 

I~. . 



3qd 
.- Y 

V ~ t 

a , F F~ .. 
;- t 5 

~iA` ~ e 

Figure 13 - long SPirred Porgy 
Several stages Of Sperrin-SIP 

: ~ ~ toqenesis are shown, (qc) 
2 ~ N So gem sells : (sp) sperniatio-:g~ . cytes : (sPd) 

_) ,, 
~.r 

f=.~ 

tids . 
and amorphous material 

220 H&E 

~k 8 P ~ 

L 

~A~ ; a~:r . 
E A ~ . ti+ ' * K~ . ". 

Figure 14 - 7=q Spinad Porgy 
High magnification (1320X) 
anarphous material with 
blood vessel through it and 
possible crystaline inclu-
sions (arrows) 

F - .1r. . 



f 

A.L 

3b 14 
.'d P a ~r ~y~~~ ~~~ 

,"~t~.r~. . ! &~J ~. 
F= ~~ ' ~iL~illiKtF.c ~.V- 

~ U s ix; ;, L7J.aat surroundi3d nematodes 
'~ in QOaIY1eCt1Ve t183;~ ddjd-

%. r~ ̀ ~ oen1.. to testes. 135X ME 

~.`~R~y 

I ; "ten .. 
`~ PR~'~ 

. S i o r 
.~ . 

~ "PK, , g 

e ~ t ;f ~ 

~`L~~ ~ ,~ 'f ~ J ~ i r4 

e ., 

7c A 

~x~ ` 

Figure 16 - Vermillion SnaPPer 
Dark staining (Feulqen) 
dells enclosed in cyst in 
genet cell follicles of tes-, : ~,gw 
tes. 1320X 



w
l
 

} 
qt
 
r
 

~ 
V
r
~
 

.f
ir

 
~
 

A
 

m 

T
 

(
_
 

WL
I "I

 

N
 

ham'
' 

"'
 

ot-
o 

v
 

v
 E.

.' 
O
 a
 

~
i
 

,
" 



h c "` ~w~ 
Y 

Figure 20 - Blue Crab-Matu-
ring oocyte with ].arse ve-
sicle, possibly oil or 
yolk material (arrows) 
(9v) germinal vesicle. 
540X Feulgen 

Figure 19 - Brown Shrimp 
Large cyst containing se-
veral protozoan parasites 
in ovary wall . (o) oo-
cyte ; (hc) hemoooel ; (sm) 
striated mouscle . 540X 
Feulgen 



TABLE 14 

HISTOPATHOLOGICAI, CONDITIONS AND PARASITES OBSERVED IN THE GONADS OF ANIMALS 
COLLECTED ALONG TRANSECT II DURING THE 1976 BASELINE STUDY OF THE 

SOUTH TEXAS OUTER CONTINENTAL SHELF 

Wenchman 
Pristipomoides male 0 

aquiZonaris female 0 

Longspine Porgy male e,1/2 
Stenotomus caprinus female e,i/2 

Sand Seatrout male 0 
Cynoseion arenarius female 0 

Atlantic Croaker male 0 
Micropogon unduZatus female a,f,h,i,k/1 

Butterfish male -
Peprilus burti female -

Rock Bass 
Centropristis male -
phiZadeZphica female -

Vermilion Snapper male b,d,g/2 
RhombopZites aurorubens female 0 

Red Snapper male -
Lutjcmus ecnrrpeehcmus female -

Brown Shrimp male 0 
Penaeus azteeus female a/1 

0 0 0 0 0 
a,g,i,j/2 J/1 f,g,j/1 0 4 

a,k/1 e,i/3~ 0 e,i/1 7 
e,h,i,j,k,l/4 e,i,j/1 a,e,h,i,,j,l/6 e,g,i,l/3 16 

0 0 0 0 0 
0 0 0 0 0 

- 0 0 0 0 
- 0 - 0 1 

0 a/1 - - 1 
0 a,d,e,f/1 - - 1 

- - - - 0 
0 0 0 d,f,j/1 1 

0 b,d/1 0 b,d/2 5 
f,,j,l/1 0 0 0 1 

0 - 0 - 0 
g, i,J/2 - 0 - 2 

- n/1 a/3 a/1 5 
a,c/2 a,b,d/2 a/2 a/3 10 

r 
w 
i 
w 

JULY 
TOTAL 

AUGUST OCTOBER NOVEMBER DECEMBER ANIMALS 



TABLE 14 . CONT .'D 

TOTAL 
JULY AUGUST OCTOBER NOVEMBER DECEMBER ANIMALS 

0 0 0 0 - 0 
0 a,g/2 0 1/2 - 4 

- - - 0 0 0 
- - 0 0 0 0 

e/1 0 0 0 0 1 
0 g/1 0 0 0 1 

- - g/4 0 0 4 
- - g/4 0 0 4 

I-~ 
w 

r 

Condition/# of Organisms 

a - Nematodes 
b - Protozoa 
c - Lesions 
d - Cysts 
e - Amorphous Material 

k - Degenerated Gonad 
1 - Vesiculation of 

Oocytes 
m - Amorphus Material 
n - Other/Unknown 
0 - No Observable 

Abnormality 

Blue Crab male 
CaZZineetes simiZis female 

Portunid Crab male 
Portunus spiniecrrpus female 

Squid male 
Lotigo peatei female 

Paper Scallop male 
A7rrusium papyraeeus female 

f - Hyalinization 
g - Fibroblast Infiltration 
h - Blood Cell Infiltration and/or vascularization 
i - Hyperplasia 
- Atretic Oocyte 



plastic growth and/or fibroblast infiltration with no apparent effect on 

gamete development . 

tration plus a few additional conditions (Table 14) . 
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Various cysts were observed (Figures 6, 16, 18) . Neoplastic growths 

were also seen associated either with the gonadal wall (Figures 3, 4, 10, 

11) or supportive connective tissue (Figure 5) . Except in cases such as 

the degenerated gonad (Figure 3), neoplastic growth did not appear to have 

any effect on gamete formation. 

Several other abnormalities were also observed . Blood cell infiltra- 

tion and vascularization were seen in the longspine porgy and Atlantic 

croaker (Figures 10, 11) . This condition was usually associated with neo- 

The ovaries often showed large numbers of oocytes that appeared to be 

atretic, degenerating, hyalinized and/or reabsorbed (Figures 2, 6, 8, 9) . 

As compared to normal developing oocytes (Figure 1), atretic oocytes had a 

greater amount of vesiculation . In some species, such cells were surrounded 

by what appeared to be follicular debris and/or fibroblast cells (Figure 

2) . Not having a fully established ovarian cycle, it was difficult to 

establish if such was the norm . 

Table 14 summarizes the histopathological and parasitic condition of 

the invertebrate and vertebrate gonads . The longspine porgy showed the 

greatest number and diversity of pathological/parasitic conditions . Six-

teen of 18 female and 11 of 16 male longspine porgy had some histopatholog-

ical condition . The gonads of vermilion snapper, sand seatrout and Atlan-

tic croaker were relatively free of any pathological/parasitic condition . 

The portunid crab and squid showed the lowest numbers of parasites 

and/or histopathology . The shrimp showed a high degree of nematode infil- 



The invertebrates appear to be more synchronous than fish which show a 

greater variability from station to station, and occasionally within 

specimens at a given station . Due to this variability by station, month 

and species, a greater number of specimens per species per station must 

be sampled to provide a representative statistical base . Continued 

sampling will also be necessary for another year or two to provide the 

baseline data necessary to establish the reproductive cycle for each 

species . 

With the present data, a tentative reproductive cycle can be devel-

oped for the wenchman (Table 1), longspine porgy (Table 2), female sand 

seatrout Table 3), vermilion snapper (Table 7), brown shrimp (Table 9) 

and squid (Table 12) . But even for organisms collected every sampling 

effort, too much variation was noted to make any such cycle totally 

reliable . 

The observed variation, such as for the female wenchman, showed 

that animals collected were in early, intermediate and mature stages of 

development . Furthermore, it is not known if animals observed in a given 

13-46 

DISCUSSION 

The reproductive cycles of fish and invertebrates can be established 

fairly well by histologically and behaviorally tracing the pattern of 

gamete formation . Field studies of reproductive cycles of fish are based 

on the gonadosomatic ratio (gonad weight/body weight)(Baerends, 1971 ; 

Burns, 1976 ; Fuller et aZ ., 1976 ; Larson, 1972 ; Liley, 1969) . These 

studies showed the gonads at different stages of development, but made 

no attempt to trace the process histologically (Leake, 1975 ; Sadlier, 

1973) . 

Ideally, this would be easy if all animals sampled were in synchrony . 



vascularization, parasites and other conditions can easily be surveyed . 

Of 385 animals surveyed, only 64 (or 16 .7 percent) demonstrated some type 

of pathology . Many of the animals demonstrated more than one type of 

condition . Overall, the testes and ovaries did not appear to be suscep-

tible to parasites and/or other abnormalities. This may be due to the 

rapid turnover of tissue, especially in the cystovarian type of ovary 

characteristic of teleosts where the contents are emptied out at ~matur-

ity leaving behind germinal epithelium (susceptible to hyperplastic con-

dition) and ovigerous folds (Roar, 1969 ; Leake, 1975 ; Nelsen, 1953 ; Sad-

lier, 1973) . Male gonads have cystic spermatogenesis . Complete cysts 

develop synchronously and empty out almost completely, leaving germ cells 

behind to start the process again . 
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stage of development are developing rapidly or slowly . Correlation with 

temperature and light period was attempted . The developmental data 

available were insufficient to make any assumptions about the reproduc-

tive cycle and behavior (Baerends, 1971 ; Bieniarz and Epler, 1976 ; Burns, 

1976 ; Fuller et at ., 1976 ; Larson, 1972 ; Lily, 1969 ; Schwassmann, 1971) . 

In surveying for pathological conditions, a similar problem was 

encountered . Since gonads are constantly changing (dependent on the 

duration of the reproductive cycle), it is difficult to know if the inva-

sion of interstitial and fibroblast cells is a normal condition or abnor-

mal until the normal pattern and histology are established . A similar 

case occurs in gonads having large amounts of connective tissue within 

the gonad . Until the normal pattern and histology are established for 

each species being surveyed, it will be difficult to specify whether it 

is the normal or abnormal condition. 

Certain pathological conditions such as hyperplastic growth, cysts, 



were hyperplastic growth, cysts, vascularization, hyalinization, degen-

erated condition, fibroblast infiltration and other abnormal conditions . 

Sixty-four of, the 385 animals analyzed had some type of pathological and/ 

or parasitic condition . 
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Invertebrates tend to be affected more by parasites than fish . This 

is because the gonads are in the hemocoel which contains or allows easy 

movement of parasites among the various organs (Sparks, 1972) . 

CONCLUSIONS 

The 1976 histological-histopathological collecting effort was the 

initial sampling period for this study . One seasonal and four monthly 

collections were made . Seventeen (17) species (456 samples) were col-

lected and 13 species (383 samples) are reported herein . Eight species 

of fish and five species of invertebrates were analyzed . 

The reproductive cycles of the invertebrates and fishes were partially 

established . The fishes showed a great variability from station to sta-

tion and occasionally within specimens at a given station . Invertebrates 

showed a greater degree of synchrony . Due to this variability it is 

necessary that a larger number of specimens per species per station be 

sampled to provide a representative statistical base . Sampling will be 

necessary for at least 2 more years to provide the baseline data neces-

sary to establish the reproductive cycle for each species . 

Pathological conditions observed in the fish and invertebrate gonads 
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KARYOTYPE OF DIIMERSAL FISHES AND INVERTEBRATE EPIFAUNA 
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ADDENDUM 



in Table 1 . A total of 38 organisms representing five species of fish 
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INTRODUCTION 

As an extension and corollary study of the histopathology baseline 

effort, a survey of chromosomal karyotypes of demersal fishes and inver-

tebrates of the STOCS area was initiated. The survey largely consisted 

of a study of chromosomes of the animals being studied under the histo- 

pathology program, treating the chromosomes as a subsample of these 

species . 

The purposes-of the chromosomal survey are as follows : 

1 . To establish the normal karyotype of the species found within 

the STOCS study area; 

2 . To monitor these species for chromosomal aberations that result 

under normal conditions ; 

3 . To monitor these species for chromosomal aberations that may 

result from environmental pressures or due to low level chronic pollu- 

tion . 

In this report, a preliminary chromosomal analysis of marine fishes 

and invertebrates is given . Methodology is still the biggest problem in 

adapting and/or modifying existing techniques to marine invertebrates and 

fishes . 

METHODS AND MATERIALS 

Sampling 

Samples for chromosomal analysis were taken from offshore areas near 

the University of Texas Marine Science Institute at Port Aransas and from 

trawl samples collected during the histopathology cruises along Transect 

II . The fish and invertebrate organisms sampled and analyzed are listed 



SPECIES CHROMOSOME NUMBER 

INVERTEBRATES : 

Blue crab - CaZZineetes sapidus 
Squid - LoZiguncuZa brevis 
Brown shrimp - Peruzeus azteeus 
Paper scallop - Amusiwn papyraceus 

24 
24 
22 
12 
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TABLE 1 

SPECIES SAMPLED AND CHROMOSOME COUNTS 

FISH : 

Sand seatrout - Cynoscion arenarius 48 
Vermilion snapper - RhombopZites aurorubens --
Barred grunt - Conodon nobiZis --
Silver perch - BairdieZZa chrysura 48 
Gulf butterfish - PepriZus barb --- 



Five marine fish and four marine invertebrates (Table 1) were used 

in the initial chromosomal analysis effort . The majority of chromosomal 

analyses have been done on fresh water fish (Denton, 1973 ; Wharton et aZ ., 

1977) and only a limited number of marine species have had their chromo-

some number established (Lee and Loh, 1975 ; Nicholson and Byrne, 1973 ; 
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and four species of invertebrates were analyzed . 

Tissue Sampling 

Karyotypes were attempted from different tissue sources . From the 

fish samples, scale epithelium, liver, kidney, spleen and gill epithelium 

tissues were utilized . Tissues from invertebrate organisms varied and 

were not as consistent, although the gill epithelium and glandular tissue 

provided the best sources . 

Chromosomal Analysis 

The basic protocol used in obtaining suitable material for chromo-

somal analysis was either a direct squash of the tissue or hypotonic 

treatment prior to fixation and squashing. Whenever possible, the animals 

were injected with 0 .25°G colchicine and pretreated for varying times and 

doses . The animal was then sacrificed . The tissues were excised and 

placed in a hypotonic solution of either 0 .075 M RC1, 0 .1 M CaC12 or 

distilled water followed by fixation in 50% acetic acid . The tissue : 

was then squashed in aceto-orcein stain and examined under the microscope . 

If a direct squash was done, the tissues were maintained in its own body 

fluids or physiological saline and small pieces of tissue dabbed on the 

slide and air dried prior to staining . Chromosomal spreads were stained 

with Giemsa and countable chromosome spreads photographed through a Zeiss 

research microscope . 

RESULTS AND DISCUSSION 



perch (BairdieZZa chrysura) and sand seatrout (Cyrtoscion arenarius) have 

been analyzed completely . Both of these species have been counted and 

karyotyped . Each of these species have 48 chromosomes and the majority 

of chromosomes are telocentric . Tentative chromosome counts have been made 

on the other three species, but not enough replicates have been done to 

establish the exact number . The chromosome number of these species fall 

within a range of 44 to 54 . 

Invertebrate chromosome counts reported in the literature have been 
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Regan et at ., 1968 ; Wharton et at ., 1977) . Similarly, with marine inver- 

tebrates, a limited number of species have been karyologically analyzed 

(Ahmed and Sparks, 1967, 1970 ; Menzel and Menzel, 1965, 1968) . 

Several problems had to be solved before chromosomes could be counted . 

Some of the animals sampled did not produce analyzable material . This was 

due to several factors including : (1) wrong colchicine dosage ; (2) wrong 

treatment time ; (3) improper hypotonic treatment; (4) improper spreading 

techniques ; and (5) use of tissue with high mitotic activity . These 

factors will vary from species to species ; from tissue to tissue and with 

size and/or age of animal . The factors for species listed on Table l have 

been established . Chromosome counts have been made and analyzable karyo-

types are being developed for these species . 

The basic protocol for chromosomal analysis used is a modification of 

the bone marrow and tissue techniques developed by Ford et a2 . (1956) . 

Modifications of this technique have been applied to other tissues . Gill 

epithelium, liver, kidney, spleen and scale epithelium have successfully 

been used for fresh water fish (Denton and Howell, 1969 ; McPhail et at ., 

1966) . Gill epithelium provided the best results in the marine fish used 

in this study . 

Five species of marine teleost fish have been analyzed . The silver 
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made on either oocytes or balstula cells . For this study, adult tissue 

was used . Different tissues were tried, such as glandular tissue and gill 

epithelium . These two tissues have proven effective in obtaining countable 

chromosomal spreads . The squid, L. brevis, has 22 to 24 chromosomes . The 

mayor problem in these organisms is the small size of the chromosomes . The 

squid and scallop chromosomes range from 0 .25 um to 4 um in size, making 

the identification of the chromosomes difficult . 

Replicates of these species are being done to confirm initial counts 

and to obtain analyzable chromosomes . 
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Coulter Counter and pipette methods were shown to give highly cor-
relatable results so that both should show any significant relationships 
between textures and biological or chemical parameters . However, Coulter 
Counter techniques resulted in considerably coarser and better-sorted 
apparent textures due to the different computational procedures required 
with the data . 
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ABSTRACT 

Sediment textures (grain size distribution) were measured on 777 
samples, including seven replicates from 25 stations sampled during three 
seasons, winter, spring, and fall, and seven replicates from six stations 
sampled during six additional monthly periods . Textural analysis was 
chiefly for comparison with the results of meiofauna, shelled microben-
thos and macroinf auna studies . 

Variability of textures within sampling stations was greatest in the 
Rio Grande delta region and at Station 5/I - possibly related to the ances-
tral Colorado-Brazos delta to the north of the study area . Textural 
variability was least in the outer-shelf clays . Significant seasonal 
variability was scattered, but most consistent in the spring loss of fine 
clay from the outer-shelf regions . 



Sediment texture samples were taken from Smith-MacIntyre grab samples . 

The sampling effort consisted of 7 replicates x 25 stations x 3 seasons 
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INTRODUCTION 

Purpose 

The purpose of this study was to provide sediment grain size distri- 

bution (texture) data for comparison with results of biological and 

chemical analyses of bottom samples, especially analyses for meiofauna, 

shelled microbenthos and macroinfauna . The replication of samples on 

station and through time also permitted analysis of the variance of sedi-

ment texture within sampling stations and analysis of seasonal trends in 

grain size characteristics . 

A further result was the comparison of results of different analysis 

techniques, specifically, comparison of the results of the pipette method 

with results of the same rata data processed by the computational proce-

dure necessitated by the Coulter Counter method . 

Literature Survey and Previous Work 

The geology and sedimentologq of the South Texas shelf have had two 

extensive surveys, API Project SI reported in the symposium volume, Recent 

Sediments, Northwest Gulf of Mexico (Shepard et aZ ., 1960) and the BLM-

supported USGS studies begun in 1975 and reported in various BLM contract 

reports (Berryhill, 1976 ; 1977) . The availability of these reports makes 

further review unnecessary . Grain size measurement techniques are discus-

sed in several standard texts (e .g. Carver, 1971) and manuals (e .g . Folk, 

1974) . Amore recent comparison of pipette and Coulter Counter techniques 

was given by Shideler (1976) . 

METHODS AND MATERIALS 



A representative portion of the sand fraction was introduced into a 

settling tube and fall times were recorded continuously . Graphs were 

read for the proportion of sand at each 0 .25 phi interval . 

These data were used to compute moment and graphic grain size para-

meters by standard methods (McBride, 1971) . 

Of particular concern for data comparison purposes was the handling 

of data for the fine clay fraction . The last pipette measurement defines 
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and 7 replicates x b stations x 6 months for a total of 777 samples . Each 

sediment texture sample consisted of not less than 100 g sediment . 

Textural analyses were done by the rapid sediment analyzer method 

(Schlee, 1966) for the sand-sized fraction and by the pipette method 

(Folk, 1974) for the mud fraction . The following procedure was used : 

The sample was homogenized by kneading in the plastic sample bag . Twenty 

(20) cc were extracted, dispersed in hydrogen peroxide, diluted to about 

0.5 1 and allowed to stand for 2 to 3 days . The clearer supernate was 

decanted through a 1.2 um MILLIPORE filter and the filtered sediment was 

returned to the beaker . The sediment was resuspended and poured through 

a 0 .062 mm screen . The screen (preweighed) and trapped sand were dried, 

weighed, and set aside for later settling tube analysis . 

The mud fraction was transferred to a graduated cylinder and the 

sample was diluted to 1 1, stirred, and allowed to stand overnight . If 

no flocculation occurred (none ever did), the temperature was measured, 

settling rates were calculated by Stoke's Law, and withdrawal times and 

depths were calculated to obtain nine intervals from 4 to 10 phi . Twenty 

(20) ml samples were pipetted at the appropriate times, transferred to 

preweighed beakers, oven dried, weighed, and size fraction weights cal-

culated . 



Tabulation 

The mean grain size, standard deviation, skewness, kurtosis, percent 

sand, silt and clay, sand/mud ratio, silt/clay ratio, and percent of 

sample finer than 10 .6 phi for each of the 777 grab samples computed by 

moment measures and using the 14 phi extrapolation convention are given 

in Table 1, Appendix J . These data are considered the most accurate 

representations of the sediment textures and were used for analysis of 

station and seasonal variances . The same percentages and moment measures 

calculated as though the raw data were obtained by the Coulter Counter 

method are presented in Table 3, Appendix J . Tables 2 and 4, Appendix J, 
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the quantity of material finer than 10 phi . Extrapolation of the cumula-

tive curve beyond 10 phi very commonly indicates that all of the sediment 

is coarser than 14 phi . Therefore, a cocoon computational procedure 

is to extrapolate cumulative curves to 100 percent at 14 phi (Folk, 1974) . 

One set of grain size distribution parameters was done on this basis . 

The Coulter Counter technique defines the relative abundances of 

material in each of several size classes over the range of measurement . 

However, it does not determine how much of the mud fraction is within 

that range of measurement and how much is finer than the lower limit of 

the smallest class measured (10 .6 phi) . Therefore, the computational 

procedure assumes all of the mud is coarser than the finest size measured . 

This, in effect, redistributes the fine clays over all the silt and clay 

classes, and therefore, computes coarser mean sizes . To determine the 

extent of this and other possible effects, the raw data were used to 

compute grain size parameters by the technique necessitated by the Coulter 

Counter analysis technique . 

RESULTS 



stations was also low for the clayiest stations, it was equally low for 

intermediate stations of the northern three transects (Stations 1/III, 

1/II, 2/II, 4/II, 2/I) . Sorting variability was somewhat higher through 

the Rio Grande delta and a few intermediate shelf stations on Transect III 

(Stations 1/IV, 2/IV, 3/IV, 4/IV, 4/III and 4/I) . Station s/I wad again, 
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are of the same measures calculated by the graphic methods of Folk (1974) 

rather than by moments . Table 5, Appendix J, summarizes the data by 

station and time of sampling . Each value in Table 5 is the average (from 

Table 1) of seven grab samples and is accompanied by the standard devia-

tion of the seven values . These standard deviations are direct measures 

of the variability of textural characteristics within the limits of 

navigational coincidence of sampling points at each station . 

Station Variability 

One-quarter of the 75 seasonal sampling stations (25 stations x 3 

seasons) had variations of mean grain size of over 1 phi and two-thirds 

of the samples had variations of over 0 .5 phi . The greatest variability 

in sample means occurred at Stations 5/I and 5/IV . Station 5/IV is within 

the Rio Grande delta where sediment distributions are the most complex . 

Stations 2, 3, 5 and 6, Transect IV, showed moderately high variability 

between grab means . A similar variability occurred at Stations 1/III, 

1/II, 4/II, 1/I and 4/I where sand, silt and clay modes were mixed . Mod-

erately low variability existed at the sandiest, inshore stations (4/III, 

4/IV and 1/IV) and the intermediately silty clay parts of Transects I, 

II and III (Stations 2/I, 6/I, 2/II, 5/II, 6/II, 2/III and 5/III) . The 

clayiest, outermost stations (3/I, 6/I, 3/II, 3/III, 6/III and 7/IV) had 

the least variability of mean sizes . 

While the variability of sediment sorting (standard deviation) within 



were the coarsening of eight clayey, outer-shelf stations (3/I, 51I, 6/I, 

3/II, 6/II, 3/III, 6/III and 7/IV) . The mean also became much coarser 

at Station 1/II . The inner, sandy stations generally became finer in 

texture, but only the change at Station 4/I was significant . Fining of 

low significance apparently occurred through a mid-shelf zone, including 

Stations 5/II, 2/III, 2/IV and 3/IV . 
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unusually variable . 

The higher moments of skewness and kurtosis varied regularly across 

the shelf with the coarsely skewed, outer-shelf muds being least variable 

(Stations 3/I, 6/I, 3/II, 6/II, 3/III, 2/III, 6/III and 7/IV), the mid-

shelf, slightly fine-skewed silts being moderately variable (Stations 

2/I, 5/I, 2/II, 5/II, 1/III, 5/III, 1/IV, 2/IV, 3/IV, 5/IV and 6/IV) and 

the strongly fine-skewed, inner sandy sediments most variable (Stations 

1/I, 4/I, 1/II, 4/II, 4/III and 4/IV) . 

Seasonal Variability 

About half of the 25 stations showed mean grain size changes of as 

much as 0 .25 phi between seasonal resurveys . The significance of the 

variations depended, of course, on the variance within stations . Numer-

ous T tests showed that if the pooled estimate of the standard deviation 

of a station sampled at two different times was equal to or less than 

the change in mean grain size, the change was significant at greater than 

the 90 percent confidence level . The pooled estimate of the standard 

deviation was always somewhat less than the greater of the two standard 

deviations of station means . At some stations, mean changes well over 

0 .25 phi were not significant, while at others, changes of as little as 

0.1 phi were significant . 

Between the winter and spring surveys, the most significant changes 



most drastic changes might be the result of station labeling errors . 

Assuming that station labels were correct, there was, between winter and 

spring, extreme coarsening at Stations 2/IV and 5/IV and extreme fining 

at the next two seaward Stations, 3/IV and 6/IV . Between spring and 

fall, the changes reversed with strong fining at Stations 2/IV and 5/IV 

and strong coarsening at Stations 3/IV and 6/IV . Both of these events 

involved mean grain size changes of more than 3 phi for some stations and 

this was considered quite drastic . All seasonal textural changes would 

be less than 1 .0 phi on Transect IV i£ the results for Stations 2 and 3 

and for Stations 5 and 6 (especially the first pair) were exchanged on 

the spring survey . This would produce alternating coarsening and fining 

on the outer four stations (the only ones with significant changes), 

with reversal of trends for the two seasonal intervals, and a net pre-

dominance of coarsening . 

The variance between grab sample means within stations followed 

a weak seasonal trend with the outer, clayiest stations becoming more 

variable from winter to spring and less variable from spring to fall, with 

most of the rest of the stations showing the opposite trend . However, 
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Between the spring and fall surveys of the same outer-shelf group of 

stations, fining of texture also occurred although only three of the eight 

changes were significant . The mid-shelf zone also reversed its spring 

trend with coarsening apparent at Stations 2/I, S/I, 2/II , 5/II and 2/III 

(coarsening at the underlined stations was significant) . On the inner 

shelf, fining occurred in the northern part of the study area (Stations 

1/I, 4/I, 1/II, 4/II and 4/III ) while coarsening occurred in the southern 

part (Stations 1/III , 1/IV and 4/IV) . 

The Rio Grande delta appeared to be the most dynamic area, but the 



175 values) correlation coefficients for sediment parameters calculated 

from settling tube and pipette data according to standard moment procedures 

and by Coulter Counter-necessitated procedures were : means (M) 0 .99, 

standard deviations (SD) 0 .94, skewnesses (Sk) 0 .97, and kurtosises (K) 

0.98 . Regression equations for the correlated parameters were : 

Mc = 0 .70M p + 0 .84 

SDI = 0 .84SDP = 0 .65 

Ski = 1 .OOSkP + 0 .08 

Kc = 0 .89Kp f 0 .28 

MP=1 .43Mc -1 .2 

SDP = 1.19SDC + 0 .77 

SkP = 1 .OOSkc - 0 .08 

KP = 1 .12 Kc - 0 .31 

lines are shown in Figures 1-4 . 
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F tests showed that almost all of the variance differences between seasons 

were statistically insignificant . 

Seasonal changes in sorting were limited . The largest changes were 

at Stations 2/IV and 3/IV which increased the suspicion that samples 

from these stations were misidentified . Otherwise, there was only a very 

weak suggestion of a decrease in sorting in the outermost clayey stations 

between winter and spring and an increase between spring and fall . On 

the other hand, the innermost sandy stations became somewhat better-sorted, 

especially on Transects III and IV between winter and spring, and worse-

sorted between spring and fall . Almost all of the seasonal sorting 

changes were less than 0 .2 phi and most were not statistically signifi-

cant . 

Technique Differences 

Using at least one set of seasonal samples (7 grabs x 25 stations = 

where subscripts c and p are for Coulter Counter and pipette, respectively . 

Samples of the scatter of individual measurements around these regression 
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variability, sediment texture variability is also related to variety of 

source material . Thus, where older sediments are being reworked into 

more recent material on the Rio Grande delta, there is relatively high 

variability . The highly variable station on Transect I (5/I) may be 

similarly related to the ancestral Colorado-Brazos delta sediments at 

the northern margin of the study area . 

The degree of in-station variability did not correlate closely with 

significant seasonal textural changes . In fact, significant seasonal 

changes tended to occur most in regions which had the most uniform sort-

ing . This suggested that seasonal changes were due to active processes 
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The fine clay (ignored by the Coulter Counter technique) which 

accounts for the differences between the various values generally con-

stituted between 30 and 70 percent of the total clay . In many cases, 

the real amount of fine clay as more than the total amount of clay 

determined by the Coulter Counter technique . 

DISCUSSION 

Station Variability 

Within station variability may be a major factor contributing to 

the considerable variability of benthic populations . Mean grain size 

variability is obviously less in the uniform, outer-shelf clays and 

increases as the bottom is exposed to a greater part of the wave orbital 

motion spectrum by shoaling, until it is within a sufficiently continuously 

agitated zone to produce more predominantly sandy means . Sorting vari-

ability follows a similar trend, but is highest where muds and sands are 

mixed in subequal amounts just beyond the subaqueous toe of the barrier 

island sands . 

In addition to being related to physical energy intensity and 



the spring coarsening of texture at outer-shelf Stations 5/I, 6/I, 3/I 
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rather than to variability of repositioning stations on successive sur-

veys . An attempt to correlate sediment variability with station naviga- 

tion variability should be made to assess this suggestion . 

The variability summarized was not based on all samples from every 

station . At about one-third of the seasonally-sampled stations, one or 

two of the samples were clearly not from the same populations as other 

samples from the same station . Eighteen of these were considered minor 

or moderate differences where mean grain sizes of the odd samples were 

less than 1 .0 phi different from the mean for the rest of the samples . 

These could be real variations in sediment texture, especially at Stations 

5/II, 6/II, 1/III, 2/IIi and 4/III where this phenomenon occurred in at 

least two, and in most cases, all three seasonal samplings . Large 

monthly variability within Station VII also suggested that the winter 

and spring variations there were real, although large . Other stations 

in this category were : winter 6/IV ; spring 4/I, 2/IV ; fall 3/I, 6/I ; 

and 3/II . At five other stations (winter 4/IV, spring 5/IV, 7/IV, 

fall 4/III and 1/IV), large differences in grain size among the seven 

grabs per station remain unexplained . It should be noted, however, 

that all of these stations are within or adjacent to the Rio Grande 

delta where sediment distribution is more irregular than in other parts 

of the study area . Thus, they may represent real variations in sediment 

texture . 

Seasonal Variability 

The most consistent pattern of significant seasonal variation was 



6/II, 3/II, 6/III, 3/III and 7/IV A large portion of the coarse mate- 

make all previous BLM shelf sediment representations appear coarser and 

better-sorted than the sedimert:sreally are . For example, about one-half 

of the 25 stations in this study had mean grain sizes in the clay range, 

whereas none of the stations were represented as clays in the USGS 
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rial in this region was skeletal debris from plankton and this coarsening 

might be the result of spring population blooms of these organisms . How-

ever, the textural changes consisted not of addition of a coarse compo-

nent, but of loss of the finest (greater than 10 .6 phi) clays . Thus, 

the coarsening seemed to result from an increase in bottom water movement 

which winnowed away some of the finest sediment . 

On the other hand, the fining of all inner-shelf, sandy stations from 

winter to spring resulted primarily from loss from the sand mode . Thus, 

a zone of coarsening of inner- to mid-shelf stations (1/I, 1/II, 4/II, 

5/III and 1/IV) may have been due to seaward transport of coarse material 

(probably very fine sand and coarse silt) during the spring seasonal 

peak in wind intensities . 

From spring to fall, the outer-shelf coarsening trend seemed to 

move shoreward to the vicinity of Stations 2/I, 2/II and 2/III, and the 

outermost shelf sediments became finer again . The generally calmer weather 

during summer may have allowed deposition of clays to accomplish this . 

Indeed, the coarse clay mode showed a general increase at these stations 

by fall . 

Other seasonal changes were more localized and had low statistical 

significance . 

Technique 

The different computation procedure required by Coulter Counter data 



samples actually analyzed by the two different methods by Shideler (1976) 

are included in Figures 1-4 . Although the amount of data is small, it 

shows that for muddy samples, the computational differences account for 

all the significant differences in values of kurtosis, skewness, and 

standard deviation . For mean grain size, the actual Coulter Counter 

results give finer grain sizes than would be predicted using pipette 

results and the empirical relationship between calculated parameters . 

The regression equations show that the parameters for the two methods 

would be equal when the mean grain size is between 3 and 4 phi, i.e ., 

when the sediments entered the sand range . This suggests that the rela-

tionships are good, because there would be little or no fine clay in 

such samples, and thus, the techniques would produce the same results . 

14-17 

Final Report for 1975 . Likewise, according to the same report, only 

five stations would have had standard deviations over 2 .5 phi, whereas 

all 25 stations really do . Any representations of clay and silt distri-

butions would be similarly different . However, either type of data would 

show the same relative differences between stations . The few stations 

used in this study relative to the USGS sample grid does not warrant 

remapping the sediment textural parameters . The relationships established 

between those parameters should enable conversion of the USGS data if 

desired . The high degree of correlation between the data computed by 

the two different methods probably means that any statistical comparison 

of other biological or chemical parameters would show very similar degrees 

of correlation with either type of sediment data . The specific values 

which would correlate would be different, but the relative relationships 

should remain similar when large samples of the populations under study 

are used . 

Results from an interlaboratory calibration exercise and other 



results if the major difference in computational methods is taken into 

account . Pipette data can be used to compute sediment textural para-, 

meters either way, but Coulter Counter data must be processed in such a 

way that an unknown amount of fine clay is redistributed among the silt 
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The equations would be invalid, of course, for coarser sediments . 

CONCLUSIONS 

The variability of sediment textural parameters on the scale of 

station maintenance and reoccupation navigability (probably tens of 

meters) followed approximately the uniformity or sorting of the texture 

itself as measured by the parameter of standard deviation . The signi-

ficant number of stations with at least one sample whose texture was quite 

different from other closely-grouped samples from the same station sug-

gested that a degree of patchiness of textures existed in much of the 

study area . Whether the scale of this patchiness was mottles of sand 

or clay in an otherwise much more uniform sediment, or larger scale 

features such as sand waves or biologically effected microenvironments 

could not be determined from the data at hand . Replicate sampling of 

grab samples would at least partially answer this question . 

Although seasonal changes were expectedly subtle, the windier spring 

period seemed to correlate with winnowing of some of the finest clays 

from the outer most shelf, removal of sands from the innermost and coars-

ening on the mid-shelf . Weak evidence suggested that this trend reverses 

between spring and fall . Continued seasonal sampling should clarify 

these trends, although the large degree of known annual variance in 

weather patterns might require several years of record to achieve this 

clarification . 

Coulter Counter and pipette analysis methods give very comparable 



and coarse clay classes . This causes mean grain sizes to appear consid-

erably coarser than reality and sorting to appear better than is real . 

Skewness is apparently not affected . Kurtosis values are decreased and 

made somewhat more positive . Correlations between the two types of para-

meters are high, so that possible relationships of other variables with 

sediment textures should be accurately tested if large samples are used . 
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CHAPTER FIFTEEN 

SELECTE D WATER COLL-`-'N ~+=' ;Si;R`r'.v.'S . 
LOW-M?:.. ..i.LAR-WEIGHT HYDRCCAR30NS, NUTRIENTS AND DISSOLVED OXYGEN 

De:- :tma .̂t of Ocear:o_-arh. 

Principal investigators : 
William M . Sackett 

James M. Brooks 



Nutrient concentrations -were t;:o'cally low, being renresentative 
or open Gulf surface water . Nitrate was limiting, _o productivity and 
disaa-,eared during the summer and early fall . ThosDhate and silicate 
were affected by the springy increase in Dreductiv itv but were generally 
regenerated by fall . Increased continental runoff d :.arin- t'ie sirinz ' 
months was reflected by hijh silicate values at near-shore stations . 
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Low-Molecular-Weight Hydrocarbons 

U-94-H were analyzed n samples from '_`_' s--ations (three stations 

on each of four transects tangent to the South Texas coast line) and 
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3rO=L1_11ydrOCdiJOnS . .'rOCCSJ2J zOZtTO :lin,'- the -~' r prod-uction in 

t.1°_ water ~~11~ . :1 Of m°t'3:'SZ 3 .̂d C_2i_:?3 2?'e not 'HZ! _ ."lei_ :?t'C 4R the 

=_2'_'3rur2 . 

Previous Work 

This Tc70rt represents _ :2 S2C~C7~: . year C= baseline 

iw21-:!c ^V7 :OCarJO^ ~L ;'rw'!-t~ ~ dissolved O ;T~°n (O), and :1llCrlc' :1' l5c3 + :l 

the JOI.S_~Z Texas 'ACS region . During the firs= contract VZdr, LYWH were 

d?c'VZ2u at _-Lr2°_ C12J :. . .̂3 in r ."12 :J2z2 : g_GP.3 ---2 four _ .?IIS2c t 5 

52dSCR3llY . The first .'3;:=' Off-:C L'2':°?;3G areas of Pat'_,-?1 32°Ca2e 

~^ the JTO(;J :?-~0:1 ?. :1d d_3C1 . . . ._ zi2t ;;3^,e ::d:,:413 d= ^1~-,- =~S ..U:1:1~ 
" . O 

C^2 SDI'_Pa and _3i1 samplings, The second contract year LXNFH -were 

di:dl;'Z2d at only two depths (surface and near-00l.tO:S) alonc, the four 

CLanSBC_S seasonally and 310i1-- T :2PS2'."C i1 mOClth ' ~!CW?72'^ -we ,:h ave 

Sllil71=fir; mcR,7 mid-Ca27i. :7 3i1d1 ;'S2S of m2thdC1a j0 that ' :e -=.OirdPC sub- 

surface naxima could be illustrated . 

Aii.'OLSgi1 nutrient and dissolved J :tilJeR C0 :1Ce;t'.-r3tiORS 2.:? analyzed 

in all 3L.~i OCS Programs, L;R,~'?~ have c11y been measured in a yea . L?f.;H 

were d^3i ;iZ°d b,1 our group d+. Texas A&X 1 :1 the ~~-~FLA OCS area durin'j 

19'4 and subsequently in the you=h Texas OCS 3x23 durirj 197 and 1970 . 

T".zey are currently being analyzed in the Ior=least Gulf of kLaska and 

the Southeaster, 3ering Shelf by Pacific urine Ezvirormenta_1 Laboratories 

for the Bureau of Land Management . 

METHODS 



?3 :-DOS=CT^~ 3: fldC ;; 3t3CiOf1 . 7"e se Sa:'27 : 'eS 'r2 :'2 analyzed ~~7 3 mJQ_ __-

Cdt.i0i7 Of the S6J:_ .̂ii2r .v^ and T 1n. .̂?rlGGLl (1967) _`:~r .̂CG~ . The 1- . $dZol25 

of 32dCv3C2r were purged d *-ZjdrOCdL70[7-free (':2l1u:'1 stream and .!"i2 

I.tt:v :1;JCLOC3TbOI13 were adsorbed on d trdo cooled to liquid .̂1zTJ-?:1 temp-

erature . i12 trap W35 then 4-SOl3=2d, heated, and COC:Jit'd bV a slider 

valve !'O C;12 vas C ::TO^!3=0,, :."37iliC stream for analysis . The 'hvdrOc :-r :)CI.s 

were se~arscad on a 1 .8-m, ?CROP?.:{ Q co?,=n and detected with 

a F .-lame Ionization Detector (FID) . Sensitivit-y of the method was 0_1 ni 

hydrocarbons/Z seawater, and precision -.,ias generally better than _- 5% . 
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two b a-k s tat ions in the S T OCS are -n du r ing 19 7 5 7, 1- e 1'2 s t a t 0 n s 

were sample QJ three -_ im-_~ .s ktuz ̀  :1, :~ t~.e year win~~_r sp r n a,- d fa 11) 

0 u 'a an at- :101" W;~S -_-I~e 'D --a-P,e :'-e ar-- 

physic_~'_ sa-nz)_i~2~ of t',-Ie twelve scations Was 0%-er a e 

f r o m s _`x da,. s (e . a' 1 seasonal to o-ver one 7, -_ -a r 

a a 3 ~Dn a "n u s , r 1''g- o :- o u s i a z r -3 -2 a on s c a r a a s a a s sh Cu id 

sa:nplin-- ~eri~D,~s into _accoun-_ . Transect IT was s, Dn six 

mo--nly cruises in to :'--a ~_hrea season-1-1 zr--ises . 

sam-21-ins-s of -tD - _cre :-rie tays . ~-e a ak 

s -_ a t c r, s: H o s p i : Z I o c d Bank-), -were a-so S_~mpl_-d 

7- 0 n t I V , _-Ut- dUa -.,D an Z"p 7-* :2e :"a 

wintar sampliny, no bank stat-Lon sa :zoles -were 

Samoles ;~;ere takan s:_;1nI-_:-.d 'nvdro--ra :)L-~ic -as--s a series 

of Niskin or Nansen ~Zter retrieval-) seaw-n--ar were 

trans-er-red by graviz_v f7ow into '-I s~opsered bott'es, 

The bottles were sco :,, :)e-red in a mannet to avoi~i of ~,as bu,-,D'es, 

Samples were Poisoned sodium az4_--4_- --z) prave :-, : baz :erial 

contract caLlr2d for L~gi to be analyzed at two (surfnz =n- 



Temperatures were measured with deep-spa reversing thermometers 
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In addition to the above samples, inter-med_at2 berths at most 

stations were S2^p1eG . These supplemental samples were C2ten in 125-ml 

:1aLrOw-S.OI:~ :? bottles witi. screw-top caps . T?2 LOtt-ieS :,'2r? 70iSc:1eC 

and stored :Sid°-dowTI until 3 . .3ivS_S . .' :?~' : .:2Y°_ aI?d','Z2Ci b;: MCAl:11.L?tS 

(1971) method of .kl1iCp .2 phase equilibrium . uCA:_,11-lfe'3 mec'L-cd involves 

eQu~. 1JL3ti :1~ ~5 ~.L Of ~u~'1:i2d helium with 23 mi ofLSd::1~ ~2 :v2t2i _'.~. 

the 5V-'uL1 syringe with 3 LL .\'-LliK SLOpC:?Ck . Since 96+,7. of t"ne light 

d_! p h 3=iC h ̀'_r0c 3T-- 0i.S p2L"C1l. :OR 1R L0 C :°_ -as -)hase, analysis was 

per :o L .̀-_Z1 ~Jj -"JaC--'g- part v . =he 2:1li1l1Dr3C._ .̂1 ,i2'__um inCv _ ic' c~ . :0'.:3-

tO?`".'. .t7(1iC 3tT2---n J;/ means O_` 3 33mp ~2 1.̂;~~C4-On valve . The sensitivity 

O' C ::2 m2t"?OC i3 -J ::1 Of i,Hi P2 : i-4--e: of S2S5i?_2F . These _4n-_er-mned4__1 :-a 

jc1.3?'_?3 proviso? more detailed V?rC1C3i distributions of meChane and 

ZCL:°_R2, but S'1C2 t-';e sensitivity of =:-2 method 1s dJ?rc:Cim3=2ly J R1il1, 

L247 of the other C? cPu C3 "-IyrvC3Z'DCI1 levels -were me? ll?'e3 : 4- . -

medate depths . 

Dissolved Oxygen 

ScIIDl23 were d^3lZ2d using the Winkler method, as outlined by 

SCTCkl2Pd and ?arsons (19/'?) . Precision is somewhat deoendenc on the , 

C2ClIl1C?dR doing the 3:1,-..i ;:S1.S, but is -2n2L??l, b? :C?L x ;'12 :1 

Nutrients 

Phosphate, nitrate, and silicate samples were taken in separate 

b oz Whirl-°ak plastic bays and frozen . Samples were analyzed using a 

single-channel T.CIT_N'ICGV AL""Oa_Na.?,YZER, following, the methods o. St=ick- 

land and Persons (1912) as modified by Atlas 2; a: . (19i1), 

Temperature 



Table 2 shows the number or observations, mean, minimum and maximum 

15-9 

3CCdCf12d r0 Na-2:32^ bottles . Z'12 Chci".j'vmEi.2i5 -were Cdi.iD'".3-.zd ":?2:1V 

CO _O .005 'L . T:~O were a .=ZC :I°_d -,D each Nansen 

bO ..Lle and »._ ._ n_~2J :?SI~ s? :raia-,'ZlD%' two JbJCr .eis . _ . . . .. 

C~:1t~=~2=~I =?3V~ ::~3 from each d2-, :_: were a`:2 :=_-C ?''.G L2TJC ;_-d =J d, 

accuracy and pi2C1S_OR '?- -17 .02 'C . 

SSl.i:11.CV 

J2cw3 :.= : :0I' Sdi . . : .~: ;! ^2dS112'? :i2 . .̂ :S was :.icti- :1 =ivvl the 3?3D' i .̂ :r jotzi2S 

1. .̂ 50C-,-LL-I ci~Z'3=°_ -C-:_?S .J . mt'2S'_ ._TC .̂= OCR 3 

S3li::0 .̂.eCer . :.Cc ::L?' _ and ~ L'2C~31i, :: 3 :e -O .C0? D7C . 

?~e,~s~on o' ZeDli_cates 

I :1 accordance the 31.. .''i zO1Cr3 .. .. for !977~ '20 samples -were -~3 :< :l 

in triplicate for each selected ?3='? .̂.Eta?' ~LTi;?,- =~c November 3:1d D2C~_a :7-

?2r Sd~Di~^.? . The measured concentrations :Or each Of these CT1o!1-

CdL° SduD1.eS 3Z'2 tabulated 1 :'t Appendix K, Tables 8 and 9, for 7~'`'j and 

:~L,2:1d ~:S K, i3Dl?S ?c3 3^d 19, for d1SS0- :°d J :t~`2 .̂, . . .tra i.c, 7^OS7}:dtz 

and silicate . A simple statistical anal-l5! s was o2='-0=2d O^. tti12 V31t1°S 

reported for the T.~M:? samples, and 13 S^OiTt O'1 _'d}J~ ~' ? . i ..̂_ 2Hc .^, set of 

triplicate samples ti:e station number and -_~E?t :1 3L'° tabulated along W_(1 

mean values, standard deviations, and telatiVe errors i n perc ent . Average 

percent relative errors for each parameter are also listed . Table 1 

shows that average relative errors in the saT~pli^ :end analytical tech-

nique for the light hydrocarbons were =o .4, 8 .3, 5 .5, 6 .8 and 7,5e for 

methane, ethene, ethane, ?ropzr_e and propane, res?ectivelv . 

RESULTS AND DISCUSSION 



ShdSUN STATION Ub:l''1'll 
Mk7'IIANE (III/0 kl'IIP:Nh: (u1/1) G'fIIANF: (ul/1) 1'IUwI(UF: (ul/l) I'NUI'A1~1 : 0 .I/I) 

X 1 .11 . k . K . X S . b . It . E . X J . U . K . C . X S .U . K . 1) . K S . 1) . H .F . 

11/1 
0 m 91 . J3 2 .1U9 2 . S3 4 .07/ 0 .196 4 .1 tl 0 .617 0 . 111 2 .41 1 .691 0 .060 2 .70 0 . ~"O 0 0 

10 m 1/ .33 12 . . : .1 16 .u6 7 .11/ U .241 7 .6N 0 .1141 0 .0 15 b . 4b 1 .IbU 0 .291 :4 .6b 0 .%40 0 .062 1 1 .S6 

0 u dJ .L7 b .ULC ) . :U ! .67 U.U9f 7 .47 ( .4 .7 1) . 021 ,.)U U.ul/ O .U4S S . )t 0 . 100 0 . 046 1 .1 
11/l 

/ 

4U w lU4 .JJ IU .y)U 10 . ~j J ./)7 1 .106 L`1 .47 ti . 'WO U .U11 'S .4f. U .'IH7 U .U1) 1 .S) U.4MJ I1 .U71 4 . :f1 

0 ~u 81 .7) 10 .4'11 12 .21J 4 .171 U.%21 12 .60 0 . 1b f 0 .01"s 1U .4 : :j . 'J10 I1 .1~/10 1 .t .1 11 .6)11 II, u1'1 It1 .4t . 
N .v . )6 I1/'7 

1 
-.q u~ 

1G1 .'!3 

1 

1 .)19 / .26 11 .`x`10 11 .121 20.)1 U .4 :3 O.UI~ l .bl U .IYf U .U :i 17 .U2 U.SU1 U .U'J ll .)II 

0 m 81 .61 4 .611) S .~Z ~ .1~~/ 1 .218 2J.58 0, 4 .U II .UIU : . ./ 0 .91.3 11 . U_`l 1 . ('I~ 0 .41,0 0 .0 10 7 .7/ 
5B/4 )~1 w 44Y .61 11 .]`1U 2 . 'In 2.2Z/ O.ISL 6 .9Y U .4/7 U .07Y I, .IU U .ilf U .i1Z'I % . :1 6 .1.90 U .117(1 6 .11 

0 a~ ~11 .61 11 .84b 11 .2' 4 .12 U .1 :) 7 .119 1) . 111/ 0 .049 12 ./b 0 .9 11 0 .1) Zy 2,/11 0 .4/0 0 .044 9 .1" O 
IIIf/l 

/U m 41 ; .7'1 19 . All 4 .LO 1 .'19/ U .ll/1 2 .09 U . "'d U .U :I 7 .74 U .4Y/ 0_U.1 S .U) U .SUU U .ul/ f .4b 

R/1 
0 ix 107 . 33 7 .21 6 .14 Y . :f : 0 .ZU 8.8U 11 .138 0 .04 1 . .22 11 .44 11 11 0 .S1 0 . 0 .1 

18 iu 1 Oh .00 6 .56 6 .1y 2 .09 U .21 IU .22 0 . A2 0 . W, / .41 0.4S p,U2 1 .N) 0 . 41) 0 . 111 . .1/ 

0 w YJ .47 4 ./f 4 .M4 1 . e5 0

.1 

0 ) .J! 0.61 U .UI 1 .h4 0 .6 b 1 . U : 7 .'1J U .~Y U U 
11/L 

411 w Hill . 0 . 111 U . L ; 2 . LB 0 .11 Y .h'1 0 .'~S 0.U1 . .oU O .t.U U .~11 0 .9/ (1 .~1 U,U : 4 .11 

Ucc . 76 11/3 
0 o~ 1 U6 .0 L .11 1 7 .41 O .1 . 4 ./) U .4~ 0 .02 S .09 (1 .46 01 .4)" 7 .7/ U .11: 0 .111 U . 

1112 ) ~x IUI,U0 B . oil 7 . H4 0 . 111 0 .09 14,71 0 . It, 0 .01 11 .11" 0 . 1 i U . U) 32, L_ U .'i%, II .IU Ill . 1 "j 

SB/1 
0 w 106 .00 1 .01) 2 .ri1 2 .2/ 0 .0 1 I .L7 0 . lit 0 .0S e .14 U.)7 0 . 0 .1 4 .7n 0 . ~9 U .nS ts .tw 

10 w 1 :2 .6J 2 .1 : ? .U~ 2 . 1/ 0 .llb 2 .64 11 .4' U . u2 1 .111 U .S 1 0 .0 1 l .II U.0.Ob 11 .2/ 

uu/1 
a .u 1 Jz .61 "~ .86 4 .42 z .4 1 0 . (11) 1 .iJ 0 .11-1 u .u1 ~ .1i 0 . "1 0 .0" " .1,11 0 .0 1 i " ~ .1 b 

/U w 177 . J3 2 . )1 1 ./1 2 .19 0,08 7 .'19 0 .49 0 .0 1 6 .1 : 11 .11. 0 .01 1 .Uti U .41 0 . 07 l .',it 

AV I7tA1:L 4 . J1 8 . 111 S .li1 b . !!t % .1 .1 

TABLE' I 

REPLICATE ANALYSES OF '1'WI:N1'Y SAMPLES FOR LMWII . THE htl?AN (X) AND STANDARD DEVIATION (S .ll .) Akl? IiASEll 

ON THREE tti?1'LICA'1'L ANALYSES A'1' FACII STATION . 1tGLA'l'1 Vl : I :KROIt ( (t . E . ) f S '1'111: QUOTIENT OF STANDARD 
DEVIATION AND '1'11F. MEAN GIVEN 1.N PERCENT . ALL CUNCI:Pd7'IU'1'1'l.0NS ARE GIVEN 1N n1 / L (fdl''1') . 
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air-sea exchange. If there were no mar.-derived or natural inputs of 

methane, surface concentrations would be at equilibrium with the atmos-

phere . The concentration of a dissolved :?o r.-reactive gas ?r. seawater is 

determined according to He^r;.,'s Law by its solubility coefficient at the 

temperature and salinity _`urea; ;cater amass formation and its partial 

pressure in the atmosphere . For the LM,IH, only the partial pressure ot: 

methane (1 .4=0 .1 ppmv for the atmosphere over the entire earth) ~s 
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values .OT 2dC^ Of C','12 T:'9v'H measured =Z ..h2 S:CCC _t'JiCP iii 1970 . These 

values 3 :2 tabulated ?:: Appendix K, Tables i LRrOt:jil 10, 

Figure ishows near surface methane conce:~trati orsdur during the 

seasonal c,:1i32S -n the JiOCJ area 1 : 19%b . The processes concrolliaal 

the surface ccncencratiors cr methane on t<<z S?'CCS appear to be similar 

to those OCC'1:L''_ :1-3 in the open ocean -waters of the Culf of Mexico . In 

t : :2 open v:1l= O : V2 :Siz0' c :, :1C2II~raC10^j are CJ:t= :J~_2C^.21 :11` ; ;T tiJ ;O~ "-

_ 7 . ..C°SS2S JC :.'Si=1 :l'- -- . the water c011:':Ll 3`?u ?Sc':aP,~-2 3 :.053 C :1= 

3 :.T-S03 interface . '3 :Oi0~_C3l 3:1C ?(:vS1Cdi ?roC?SS85 ~J ` , 3g1 y~1ry 

and temperature variations) are more pronounced in the coas~aL zone 

reSUl__R57 , :1 c~i?2=°_r V3iiabliiC1 Ct?cZ 073er-2d 1.C: t12 072 .^, vU1i . 1h° 

lower Texans shelf i3 ~enerall'J free O . x .'12 IdT~e ~2I1^2r1'12'~ dGditi0i1S 

that control surface 3Zt`:dii2 311d other L.MRA[i CCL1C2il= :'a :.~Cn5 O'~ t Ci1Z llJOeT 

Texas-Louisiana shelf . These man-related sources include offshcre 

drilling and production, transportation losses, ,giver runoff, and inputs 

associated with bays and harbors . The STOCS region is relativ2l,~ clean 

wit ;z respect .o mar-induced L!,?'w'H since large-scale drilling and produc-

tion :125 not commenced on this part of the Texas steel : . 

Surface concentrations of methane en the STOCS are influenced by 
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Figure 1 . Ne-ar-Surface `'!ethane Concez_rations (n1/1) is the STCCS Area During 

the Seasonal Cruses 4-n 1976 . 
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toys (La3ontagne 3=: _.̂ . , 1971 ; 1973 ; '-974' ; Brooks and Sackett, i9'3 ; 1977 ; 

Swinner_ea and Lamcnta¢r.e, i97!: ; Brooks, 1973 ; and Scranton and Brewer, 

1977) which showed that the mixed Layer of the ocean was supersaturated 

with respect to the partial pressure of -methane in the atmosphere . The 

supersaturation appears to be a oermanent feature or the world ocean, 

except in regions o= strong uawell'ng such as the Yucatan Shelf (Brooks 

2t aZ ., 1973) and in some =ce-ceverad areas Of the Antarctic (Lanon=ague 

et a . ?974), Sources of excess methane in coastal water include off-

shore production operations, runoff, transportation activities and diL- 
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~c4'lOWR with an;: dz~T22 of certainty . 'Using this value 3P~ the Bunsen 

solubility coefficients r2DOTtBd by .'am2WOCo 3 : ... . . (19 1- 6 ) equili-

brium solubility of methane i :? the w?, : :' column 3,. the ~ :t~3~1^ j̀ i.e : .̂.O?~ 

dCl?r2 cR~: salinity ::a3 J2t'^. computed for 2?C :1 ob52TV3 : ±Q :1 . Also con.put-ed 

for each observation 13 =. :2 value, where t? is the ratio beztween measured 

and equilibrium i'.!c't .^,2i1e concentrations and R :-:eater than 1 .10 indicat-as 

SUp2r3cC1S:3C.1J . i :12 1~'1 values (Table 211 for met*-2:12 =3P~,cCi LT'C3 l7 .'3? 

to 12 . tl ::c'3 cql:1liJ :1= concentrations _l L.-~ water :.Oii:T.[1 (m8?^ 

373 ~Dbsanvatioas) . 

F--gllie ? shows RI values of: .̂edi-sl1T=fiCE' -.2C^d. .̂2 CORCe :?=='-C-ORj 

QllT-4^` the Se83CR2i :. ::1St' 1^ t';2 JivCS area . Al~'nouz'n values 

were observed at near-shore stations, there -were no seasonal 

or spatial pdCt2 ;'`:S C7S''c :Ved 1:1}7232 surface samples . There were 68 

surface OOjciJdCiQ :13 :Or mE :ti73 :1Z 1 :1 the S'TOC5 area c'IIL'i' .̂j 1`~~6 which 

i3R'zd from 1 .04 LO 3 .73 times 2q1Siiijri,-,m COt1Cc' :l :id ..10^S ?Pd 2Vc'rdc~2d 

1 .81 " Thus the surface -waters in the SiCCS area showed a consistent 

surface S'.:v?rS3CL:I'3ClOR with r25JeCt to the ?dTC .31 7:2SSL:r2 of T.t't :i3: 2 

in the atmosphere . 

These obse--rations a;r2~ -with the -reports of several other iavasti;a- 
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centrations found througPOUt the water column at the inshore stations . 
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fusion iron methane-rich sediments . The source of t'.-le excess =ethane 

in the open ocean has been attributed to -I*r .3 ;' 7u production in the 

wate_ cc 1umn ('.am or. _a'g .̂e a: w: , 1973 ; 3roo~:s ::d Sac'.cet_, '_9i3 ; Serer 

and J ::i?miQC, i9i4 ; 3:1d Scranton d:?G 3:2H2 :, 1.977) . Since m_nn-der-_-','Ped 

2Gd;:lOi.S of L.M~nH Oil the South Texas shelf do 'tot, at present, appear 

t0 be iii°Ctlilo ir :rr~'Li i2V215, the 2:CC2 ;ST.zCCIZ:?2 GA x:12 J~T'JC SJCS must :C3 2 

froa r. ,;--*-"u produccion, diffusion ouc of methane-rich sediments, or -as 

s?epa~e . 

Vertical M2C:?2R- ' Dd13i. :ibUCiO .̂ 

The veT__C3I 3iSCr_Jt1L1.OR JL methane i:. the SiOCS ra'-ion exhibits 

both seasonal and spatial variations . Tab? .J shows the number of obser-

vations , the average mean -water column COACe:1tC3 :_On, the averaze surface 

concentration, and 1. ;12 minimum and maximum ':2111e5 -for 22C:1 Of the '.11112 

seasonal cI?d monthly samplings . Table i shows the surface and near-bot-

tom methane concentrations at ST.OCS stations aloe; T.ransect II . There 

did not appear to be any discernible seasonal oatten in surface methane 

concentrations along Trans2ct II, although zig<<er surface methane 

con-cent rati o rs were observed during the December sampling all all stations . 

Station 1/II ?eaera'_lv 'pad higher sur`ace methane levels that the sta-

tions further offshore, no doubt due to tie close proximity of the sedi-

ment-water interface and coastal contributions runoff) . Higher 

sur`ace methane concentrations were associated with Station 1, Transacts 

I and II, probably due to amore river and estuarine rlnoif into these 

near-shore areas . 

Figure 3 snows the methane prc`iles along Transact I during the 

winter sam?ling ?eriod . These profiles are typical of :he higher con- 



Nwuber of ..̀'u rf ace, 
Seusou Mean r1iiiimuw Ma xiiuum 

Oli5ervac ions ML-411, 
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'i'upo 11 i.Lli 16 1,02 50 192 `ski 

1~ .~ l l 28 137 42 4 5U 13 

Nov eml>ur 20 l3 U 70 4%19 83 

De~~~-wL~r 29 101 l .L 141 110 

r-

1 

Tnisi .E 'i 

surtMnrY OF NUMBER ()F MI.~rIinNI-: ui3sERWnTiuNS, Mi,nN, MINIMUM AND MAXIMUM CONCENTRATIONS (in til/l , ) 
llli'I'AINL :U SEASONALLY AND MONTHLY IN '1'111? 5'1'Ut :S AM-LA ( .197(i) 



Near-Bottom 

?dieter 84 92 59 - - 

March 98 87 82 117 'S 

April 91 49 95 145 99 

Spring 99 121 74 75 82 

July o0 280 140 270 315 

August - 500 88 431 405 

Fall 115 128 42 156 450 

November 84 105 161 449 415 

December 106 88 102 123 133 
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TABLE 

StR='zCE :.VD \=AR-30?'-1 CM XET'.-?aNH j yT STOCS 
;1y(~~~G iRAN jC 1 I i 

Sampling STATION 
Month 1/II 2/Ii VII SB HB 

Surface 

Winter 90 61 02 - - 

X a:cn 38 96 11-3 56 61 

April 80 78 44 46 4' 

Spring 8> 56 42 41 53 

July 33 69 52 54 58 

august 125 60 64 56 02 

Fall 126 53 61 33 71 

November 91 84 33 83 78 

December 107 98 107 106 132 
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samples LLsm Ci:is 3C2~_-_oC; (n1gllit' 3) a'-ways s'-Icwe? very 

:1-~ :l methane ~OAC2I1~Ld~iO?13 . Tie concentrations '~JE :2T..23SliL2Q as R4o:1 

33 4CIO :1.1/1, :v==~ .̂O seasonal -influence . Mc'~ic:12 COC!~~^_L3~i0?73 -. . ~C31~~J 

Tflm3; .̂2Q 3DCV° 100 '1i/1, 20-=!`J me-.2:S above "he 'Dor 

concentrations measured continuously over a 2-Year period are the result 

of :la::::_-! ,as S°_ep2o2 across the 52-32Ci1meR= interface . Seeos appear 

t0 be 2 COuT. .0i1 oi72 .̂QLI2ROR 4 :i the vu? _` O . Mexico . T(12 Principal IRVESti-

jdt0rS have detected many of these S°2DS Wir[1 sonar equipment by the 

acoustical reflection produced by the rising bubble plume, or by :ZVdTC-

Cd :FOR "sniffing" which identified dissolved hydrocarbon anomalies in 

the vicinito_` seeps . Over 100 of these bubbling seeps have been detec-

ted is the waters of the Louisiana shelf (Tinrla a: a7l ., 1973) and many 

are known to exist in the South Texas OCS region (Holmes, personal 

comunication.s) . Many of these seeps are associated with topographic 

highs, although many have been observed along flat bottoms such as at 

Station 3/IV . The Principal investigators have collected ever 25 seed 

gases in the Gulf of Mexico (Brooks ?1 1974 ; Bernard 2f ¢ ., 1976) . 

The hydrocarbon patterns over these seeps are chiefly characterized by 

methane anomalies in near-bottom waters . X11 profiles over seeps show 

15-2C 

Fioures ,' throu;h 3 ; ;:cw =tee vertical methane distribution at Stations 

3/1, 3/17, 2/7i~ 3iT1Z 8^d 311V, T°-SJ2CCive!, . 7ilESc' pT'OL_ie5 4'1G :c?.te 

t?d : the :? : __zc; :̂? .̀'^d'J.2 ~_3= :1J',:CiJ^5 were Sl'?;~ 3~ 'al:r:Rg :70=? C!';2 

winter and sp-.=:1`'' 33fIIpii?1j3 of JC2C10i J, i`aC:S2C'3 ~ III III 3^d IV . 

Oaly surface and :yea :-Do==o-m samples were obtained at these s-tations 

during the fall 32I7DlliP-, . A-11 nine Sd:lrii .̂Z3 of Si.3C10 :1S 3/TI and 2/11 

are shown in : i,;ures 5 and o . 

Of L :12 twelve SC3LiO :1S 32~ipieG', Jt3Li0n 3/ :%' i3 I+RiCll2 _i. that 
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Figure 5 . Vertical Methane Distribution at Station 3/II During the 
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Figure o . Vertical ue~.hane Distrbutjon at Stator. 2/II During the 
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0 

u 

20 
W 

..r~0 



i5-24 
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Figure 7 . Vertical !ethane Distribution at Staticr. 3/IT_I During 
the Three Seasonal Samol=na; (1975) . 
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3/iI, 3/III and 3/IV) ;bowed a fairly uniferm, methane distribution in 

the water column :pith the exception (as already noted) of Station 3/IV . 

The March sampling of Station 3/II (Figure 5) shows that a broad methane 

maximum had developed in the 50- to 80-m depth interval . This maximum 

was absent during the April, spring and July sampling of this station . 
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d S1,-^~P1 :1C3RL increase in dissolved met"-'`rE with depth because of 

7.IICi2ZS :R- solution of methane due .O increased p3==_3i ?:°SSur2 .. .. :h2 

burbles ;:~ t-z ::epth . 

T'. .̂2 jSS CCt2i:al~ilg ILO .̂. one ::S~Ur2? 5e2D in the South T2 :{fi SC ~ 

drt'3 has been collected and analyzed i:1 the la'--oratory . T ::15 -2S COi-

lured during t ;e Topographic Features Study cruise Zrom Souc'hern Bank 

consisted OZ `7'9 .97 percent methane and 17 .C~+ percent ethane . N0 lI:! ::t'r 

hydrocarbons .:ere detected in the 'as . It gad z 13C/,?C ratio of -5Q .2 

pp t r212. .0 ?D3 (?2t'-?e 312=2z-nit in d :.zdt-7e 3 . ..C source . a '- 

These 5°°7j ,:i3;1 explain j0 :18 of the . .1 j:1 :12r3-HOC=v`m COnC2'iLL3 ..̀iJ^S LOI:P.d 

over Southern 32I1 :{ (Table 4) . Alt'-CL:-1 :;0C Ci2 :2C:2d, S1m1t3L' S2epd~--2 May 

be occur=-4::; at Hospital Rock . 

The vertical distribution of ".,2ChdR° shows id :'-e seascnal variations 

at intermediate depths ? :1 t -e water column (0 to 100 mflC2 :'3) , 075' :'.'2 .''. 

:n bot- .he 197 and 19'6 sampling period . In 197 5 the -water column, 

was 'air1,i uniform with respect to methane during the winter sampl--na . 

A large maximum (up to !:,C00 n1/1) ;:as observed t'-OM the s~rng sampli :!~ 

at inter-mediate depths of several stations . This same maximum, although 

at much lower concentrations, was also observed `re m, tie fall sampling 

in 1975 . In 1976, a similar but not identical pattern developed . No 

concentrations in the thousands of n1;1 methane were observed in 1976 

as was the case in 1975 . 

In 1975, the winter sampling or all deep stations (Stations 3/I, 



the water column occurs , '.i!?=_}1 r25= .. _C C :3 _uTbl:le'.?C mixing J_ .DO=Cc^1 and 

surface water masses . There s,,absequently develops an accumulation of 

suspended :.attar at this boundary because of the restriction of settling 

velocities across the denSit:J ~TP.C'~cRC . It 1S pOS~lll2.t2d that methane 

is formed in small mi zrV`-r?'~1:c i . _ en-, _To??W2 :1C3 from .:l? Or~?::iC _13t=2 : 

1.R the suspended material . APOC!:Ci explanation 1S that ~_- :?2 methane is 

formed in the reducing guts of ZOC'->>3C:'cC .̀er3 that. are associated -with i. -2 

Ci:2T`'IIlOC1.4 :12 . AlcROligh the oril-,in of the methane is uncertain, it appears 

CO be associated with suspended y :.t2i1.di . In 30 :2 of the data obtained 

1 

The L12. im ::m k'dS 30ai :1 present CL_ _^.g the A:i7uSt samDli^0 3t the 70- 

e _ .v-"1 _~~. :1=C1 _P=2I-'Ja I . {._1C g :': n--~ T:1C~.- :~o _R .~=.il_ :-_ 'ticY_ ~ ~ti2 :! : Ur~ 

L^2 _3I L go--,~__^o~ ~:° :1r -pOC_..7, _., . . ...-R :._at __ :S i:. ~'. ..:."1ii~ 2 

.ail \13V~.'~. / ~ .Gem ~ .1 in u_e L .:e JYe Ja .._a '.:1 . ~ .ie 

__ was 3_30 present during N 0'._:1D2= 3i:lj~ i'? _n 5'_.---C~CC?C 

JdlT.ap-e ueDC. ".:J were OO-:i :1P..C1 ~ .7 _C__.IC its extent . . . . JZCZmb '~~ 3 u . .ilO-a 

water =0l1:mL: r°_SDt'CC to :;dam d---~R :c`!?;.Ov`:d . T113 SL:330C12i 

Vtl .~.~~t.~ . . .. maximum can also ve JC ::.l S~ S:m.C~.C :? G%11 ~,~ 7 4 ? ~' ~:1 T,CiC 

itid Oi ~' . . 0L .t:c' '1 : ..-=2o =," ; =?Si,_ .~ ._ .1 1~ ~ . .-j a .__~_' '1d, 2LS=QpQ . 

It . .24 ..=~L! OJS2^ieQ to :2 assoc _̀~ '.7 ._ . . --a _'-t "==~C~=_ .c .J^_ :<~ 2-, ~. . . 

igJ i ~ SC='--"FOR and 3=_:J2T, 1077j _ . v^2 ?:C7_~7.d__O^ . .,'L' -'-- m3--_-= 1S 

cC':?C'`.- .~.R Ci z Cc5=a 1 '.d3r?i with .li?t :~ci.? the jh?~L 

with jllOj?_r-li? .̂v loss of .̂?_ha::2 1R =1e m1 :<-2d i2v°_r 3_-i-S2c: 

eXc:nd :̂52 . However, i_ has r?Cc :?~!, been 3 :":0%."R t-hat 3G'.'e=`. :OI'i JL~ -,"l2 

shelf cannot account for this maxim.urn in the open ocean (Scranton and 

Brewer, 1-977) . it is Tore probably ~~ua to . *- ~enera :i_,n in the 

water --olumn . 

During ~ -L2 lace Slim-''?rd and :3l1 Or1C="1S, Of 



Areal Dis=~ibut :.on of Olefins 

T[12 concentrations of unsaturated hydrocarbons (e . � , et ::er.e and 

propene) were measured in surface and near-bottom samples at the twelve 

primary stations and two bank stations . Ethene was also measured at 

some intermediate depths by McAulli'e's (1971) method . The number of 

ob3eL"JZt10RS, mean, minimum, and maximum values `_or the olefins are 

sheen it Table 2 . The unsatura_es dominate over their saturated analogs 

in most areas of the STCCS, with exceptions 3enerallv occurrizo is the 

deeper caters of Station 3 along the four t.ansects . cthen2 averaged 

4 .6 n1/1 in the STOCS area, but concentrations as `sigh as 25 n-1/1 

were measured . °ropene concentrat=or.s were almost always a factor of 

lower than ethene concentrations, only averaging 0 .9 r,1;1 in the STOCS 

area in 1976 . 

LUnlike :ethane, the exchange of olefins across the air-sea inter-

face in the STOCS region is amore speculative . This is because theta are 

no well-established atmospheric partial pressures `or ether.e and propene . 

13-28 

in 1976, there is a good visual correlatier. 'Decr2e^ methane and 

bra . .̂su isscretr;r (suspza~_ed mar :er) . 

The cc -ra'_at'_on o` meth an a w; Z . . ot :e . nzvsicaI end ~~c~c~Z=z ai 

Dara.^:ete .s is szo:.-n i .̂ ci--ure 9 . T-ere -Ls a -ood correlation in thi s 

figure between met :ant and ATP . :he :0-z methane and .,:? ma:c4mum is 

also associated with a suspended utter maximum (transmisscmetry) . The 

AT? maxima are net associated with corresponding chlorophyll -.aximma, 

possibly indicacinlo, _hat these AT? maxima are bac ::eria_Ily derived . This 

~~--1r2 seems CJ ~:ld4C3C2 _ ::3C methane .3 SeiR7 .OLr!Cd JV D3cCE:"=d ; :l 

micro-i2dl1C4 :1v 2RV1L'Cns'2I1tS associated W~_-:l --he susoanded material 

maxim-Um . . 
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Vertical Distribution or Olefins 

Since the Bureau of Land Management contract specified only surface 
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klSO, solubility data at oceanic temperatures and saiinit_-ies do not 

exist in the literature . 'However, since oxidation of the olefins occurs 

Wl_ :!lII hours in C^? 3--mCSD^er?, all! C(12 olefins found in the surface 

waters of the Gulf must J2 Si00,-_4 Cdliv derived and/or introduced 

thiOlllcr :: losses from refined products curing t?'d:73pOrtd=_OCl 0= manufac-

turing operations . it is therefore assumed that the direction of olefin 

2XC1dI1-? across the air-sea interface is from tile ocean CO C :12 atmos-

phere . 

Figures ?0 and 1i show near-surface CO :1C :r .̂i. :3=yCR3 C_ 2C . .̂2:7e and 

7I'0p2C12, respectively, during the seasonal CrL:_SZS in the STCCS area in 

1910 . These figures ;;CiC3Ce that the hloh2SC CvL1CZ:1 :r3CioI15 O~ 012I1:1S 

occurred at inshore stations durLag ''.;e winter seasonal cruise . The 

opposite trend was QbSei:°d during t'12 $p?'1^ :, and fail seasonal stn-

?ii:1jS ; highest surface concentrat'-ons -were observed at offshore stations . 

There did not appear to b2 any overall north-south trend in olefin 

levels in the STCCS area . The trends ebse reed probably reflect biologi-

cal productivity patterns, since olefins are '.{-sewn to be metabolic inter-

mediates . 

Tables 5 and b show the number of observations, the avera-:,e mean 

water column concentrations, the average surface concentrations, and the 

minimum and maximum values found during each of the nine seasonal and 

monthly samplings for ethene and propene, respectively . The mean values 

in these tables show a general trend of low concentrations in the water 

months with higher concentrations in the spring, summer and fall . These 

trends emulate seasonal productivity measurements . 



-"1g1'? 1-17 . Near-Sli=f3C? _"t2i;2 CQnCen`r3C=0^_ _P .:"l2 JT_(Dl,s ~r? ~ 

Dur=-; .z, tie Seasonal Crises in 1976 . 
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97° 96° 
Figure 11 . Near-Surface Propene Concentrations (n1/1) in the STOCS Area 

During tie Seasonal Cruises in 1976 . 
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W ill C t' r 39 2 .7 0 .2 1) . 

March 37 2 . 4 U . 1 7 . 5 2 . .i 

ni>r i ! 24 3 . l 0 .8 ~'> . () 7 . 5 

Spr 1111 ; 90 4 .6 0 .7 11 . 1) A,9 

July 29 6 .9 I .Z 2'S .t) 5_U 

Aug ust : l0 fi_9 U . l I9.0 

'I'upo Iligh 16 5 .3 2 .8 7 .9 

fail 1 28 8 . 8 1 .() 11l . I 1() .11 

Nov0111bcr 1 U 's .6 () .6 6 . 0 4 . 5 

Uucuul>u r 1() 2 .2 0 .6 2 .0 2 .11 

Tni ;i .1-: 's 

"UrlRf1hY OF NUMBER OF L:'I'!ll?Nt? OliSE1tVA'f IONS, MEAN, hl l N1 .fIliM ANI) MAXIMUM CONCENTRATIONS (ill 111/1) 
Oli'i'AINEU SF:1S'UN!\IJ .Y AND MONTHLY W 'fill? ti'fOC` : AREA (19%0) 

ticasc~ri Number o1 : P4~~<~n ^1 i ii Li~unn P?~i ~ i inuw 
Ol>se rvJ t ions MOM) 



Winter 24 0 .8 0 .2 1 .7 1 .1 

March 10 0 .5 0 .2 0 .8 0 .6 

April 10 0.7 0 .1 1,3 0 .9 

Sprint 26 1 .1 0 .2 1 .9 1 .6 

July 10 0 .8 0.3 1. . 2 I .U 

August 10 1 0.3 2 .5 2 .'1 

'1'opo lLlglt 16 L .l . 0 .4 1 .9 1. .4 

F111 2 8 1 .1 0.3 1 .9 1 .4 

November 10 0.8 0.2 . 1 

December 10 0.5 0 .2 0.7 0 .5 

r-' 
u . 
w 
c 

TABLE f, 

SUMMARY OF NUMBER Oh' P1tOPL:NE Ui3Sl?1ZVA'fI0 ;V5, MEAN, P1lNlMUM AND DtAX1MUht CONCENTRATIONS (in n1/1) 
Oli`PA lNlill SEASONALLY AND r1UN'ftl1 .Y 1.N '.l'lllS'1'OCti AItIiA ,(19/6) 

Season Niuuber of Surfaces 
Mean Mininuiw hlax.iunkm 

Observat:ions A1eau 



T.3r7 stations 3:?d two bank 3 :i?CiJ^3 . The number of jr`se=a-_-_ons, mean, 

Ti1:1i'=+t1+1 3^d -maximum values for these sc1t'1r'.[ed compounds 3L_. , :1 

12. _? 2 . T.12 530 :1="at°_d ,vL :'JCc :'I-OR cv^nC2'1C :'3r .O^S :J?re ,::,a-:aral_'J:J°_ : 

SR COr='e3~0^Ct :lg oi2= .':3 _^. _h2_ coastal waters of tih2 S7JCJ area . 

C'h2^2 3^d ?L' ;73^2 showed C :^,2 same me an `i3='_? 0= 7 .L Rl.i~I in ::1c' S=' 

3r28 in I9iO, Figures 12 and 13 show surface ethane ? . .̂C pT0o3e :.JP-

Cent TatiV:lS , ='?SpeCi.i'7e1 .':, dt1L'-i :1g CL:E seasonal cruises in the JTCL'J ?Z'23 

in 1976 . Concentrations OF these T~tii3 CO{fIDOP°_PCS -were _--?R2C3 .Lly ':ll,vt12r 

2C inshore SCdt? Ori3 and ar?CL'2cS° seaward . They S :C'.1°_d i=t=? ° seasonal 

V3r1dl--ion, 3S seen in Tables 9 3:1d 10, which are mOr1C ::1 ;~ =2b1113t=c^S :L 

number Or ObS2rv?L1Q:1S, mean, minimum, aid Si2 .'": ; .m1.m c.^T:C°_'.Zi.r?=_ .`icS for 

ethane and propane . Butane '_°_'v?'_3 were _^.lm03t 3iWd;TS }J?lO:y ~I2C2CC'.0C1 

limits 1. .̂ the STOCS area . 

J-» 

d[1d =? :.Ct :;~:~ 3? 'm^' ._ --h? ':? : __C3_ d I' s C_- U'--Cn "_ Wit . ene a. 

CS ::PO ~ lC "'~2__ i e ~~0 : . . T3'~~25 c._ . .. v S :-:C'v; 3'__ _d .:2 

each Of = :1e . ._ . ._ ,.-'.20n:3 : and .̂ .V Eli --3i:J2 :.C 1_ . 

:i?c~-~O~~OW ?2+:D_°_5 were a=m^st 3_"n'~~'j lower = . .ai1 S'..~_ .. :2 .2~~I-e :z ~ _R 

a'=r_ ..[.T'1Ci n . ., . olefins are 'i1 i n surface wa-7-ers 

C:2z-redsL L3?1~lV 'w'1- :1 6coCl . Olefins .:°_ :~ ~'D1:^a on_--, in :: .-ace a . .:ount s 

below a few '-und re,~ me -4-1 -he -,,a -E;r -,,D 7 : 
-h e wa e r c o 

Apc?^i~ ::C K, Tables I -IC'.iO'1I:, ." _J) . The z,.:C_=_: .., 1:35 ZCZ3=3l, .. ;:d_lCw'?_ 

:'-aa ant' was proba'--ly 

`.t^3:"1? 3 .^.d . .^7anZ CO'?Le ".'._i--- = :c .^.3 we r a me =s u «i ~~ _ :.2 _w' e 1.V2 'I- 
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TA3Lc 7 

A'T'D N=;.LR-30'T_'OM t':?=tE\E CONCENTRATIONS ( :~1 ; 1~ AT SiCCS 
STATIONS Ai0 G =RAtiSEC'=' Ti 

Sampi:ng STATION 
Month 1/II 2/II 3/II SB HB 

Surface 

;vintar 3 .3 2 .1 ? " 8 - - 

Marca 4 .1 2 .5 3 .0 1 .9 2 .3 

April 4 .8 25 .0 2 .4 2 .5 2 .5 

Springy 7 .8 5 .7 13 .0 10 .2 7 .9 

julv 3 .1 4 .1 5 .9 5 .6 o .i 

au ;us t 8 . =+ 7 .0 9 .8 8 .2 11 .4 

Fall 9 .0 14 .9 10 .8 9 .1 8 .3 

November 4 .7 2 .7 4 .~ 5 .2 6 .0 

December 2 .3 2 .6 2 .1 2 .3 2 .4 

near-3ottcca 

Winter. 2 .4 1 .7 0 " 
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parameters measured in the study . Methane showed little correlation with 

other LMWH . There was a weak correlation between methane and ethane 

(Table 13) and little correlation between methane and profane as shown 

in the scatter plot in Figure 14 . Since both ethene and propane are 

products of metabolic activities, they shoe a correlation coefficient 

of 0 .55 . Figure 15 snows a scatter plot of this correlation . Ethene 

and ethane show little correlation as shown by the scatter plot in 

Figure 16 . Ethane and propane also show a correlation o .: 0 .51 2s shown 

15-12 

The saturated C2-C4 hydrocarbons nave man-derived and natural scores 

similar to methane . They are derived from petroleum either from offshore 

platforms, transportation activities, or runoff . Although there is no 

evidence that they are produced n situ in the water column, they are 

found in =race mounts in gas seepage . Most biegen ;c gas contains small 

amounts (<0 .5 percent) of ethane and part-per-million quantities of 

propane . It might be reasonable to assume that some of the long-lived 

aathrooogeaic hydrocarbons (2 . � . , ethane and propane) found in marine 

atmospheres are deposited into the ocean either by rain-out or by air-sea 

exchange . 

Tables '_1 and 12 show surface and near-bottom ethane and propane 

concentrations along Transact II . There was no large variation in the 

verb=al distribution oz these components with depth, although bottom 

samples were generally ;tuber than surface samples, probably reflecting 

diffusion or seepage cut of the sediments . 

c?vdrocarbor. Correlations 

As mentioned in the earlier discussions, several L:9JH show close 

correlations faith other chemical and biological parameters . Table 13 

shows cor.elations of the L'fiWH :pith each other and other selected chemical 
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Near-Bottom 

Winter 0 .3 0 .3 0 .6 _ _ 

`arch 0 .5 0 .3 0 .4 0.4 0 .3 

April 0 .5 0 .3 0 .5 0 .4 0 .3 
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august - 0 .6 0.6 0 .!+ 0 .5 
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December 0 .5 0.5 0 .5 0 .5 0 .4 
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SURFACE AND N=kZ-BOTTOM ?ROPA`1E CG`;CENTRaTIO`S (n1,-'_) AT STOCS 
STATIONS a .GNNG ?'RANSECT II 

Samolino STATIC\S 
Month 1/Ii 2/II 3/T_I SB H3 

Surface 

Winter O .o 0 .3 0 .4 - - 

March 0 .4 0 .3 0 .3 0 .3 0.3 

April 0 .6 0 .3 0 .2 0 .3 0 .3 

Springy 0 .5 0 .5 0 .! - 0 . : 
July 0 .3 0 .3 0 .4 0 .11 0 .3 
august 0 .6 0 .3 0 .4 0 .+ 0 
Fall 0.8 0 .2 0 .4 0 .4 0 .5 

November 0 .6 0 .5 0 .4 0.'0.~ 

December 0 .5 0.6 0 .4 0 .6 0 . 
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Winter 90 4 .90 2 .80 6 . Lo 5 .41 

March 38 4 . 78 2 .84 5 .96 5 .27 

April 35 4 .97 2 .94 6 .36 5 .69 

Sprint 94 4,63 2 .32 S .1J 4 .95 

July 33 4 .55 2 .96 5,39 4,70 

AuguSt 26 4,69 2 .98 5 .35 5 .59 

'1'opo tiigh 24 4 .44 2 .88 4 .92 4 .69 

Fall 82 4 . 52 2 .50 5 .52 4 .68 

November 20 5 .03 2 .98 5 .77 5 .24 

December 30 4,72 2 .76 5 .57 4 .89 

v 

TABLE 15 

SUMMARY OF NUMBER OF OXYGEN Ul3SL:RVA'1'IONS, MEAN, MINIMUM AND MAXIMUM CONCENTRATIONS (iii ml/1-) 
OBTAINED SEASONALLY AND MONTHLY IN 'flit: S'1'OCS AItIi.A (1976) 

Season Number of 
Mean Min i11111111 Maximum 

Surface 
Observations Mean 



Winter 5 .43 3 .06 2 .89 - - 

starch 5 .3i 5 .I1) 2 . � 4 4 .32 5 .03 
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38 2 .96 3 .-',3 4 06 

4 .?3 ~ .85 3 .Go 5 .0? - .83 

Fall 4 .95 x .41 2 .55 2 .91 3 .5=: 

November 5 .62 5 .25 2 .93 3 .64 3 .10 

December 5 .57 , .06 2 .75 4 .79 4 .8? 
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trations in the STOCS area for 1976 . Surface values were generally 

lower than 0 .5 t;M, being typical of Gulf of Mexico near-surface cater . 

Monthly surface and near-bottom concentrations from primary stations 

along T;ansect II and the two bank; are listed in Table 18 and surface 

vales are plotted along with monthly surface means in Figure 33 . Nitrate 

concentrations generally increased through the earl; spring until June, 

probably reflecting increased runoff from land during spring rainfall . 

depleted bottom water and the increasing stratification of the water 

column in summer . The 1i~hl~r-o:cy~anated winter surface water can also 

be traced as it is formed and gradually displaced from winter to summer . 

Dissolved oYy,;en measurements performed in 1976 are tabulated in 

appendix K, Tables 11-20 . The degree of saturation for each sample was 

calculated by computer, and shows only slight deviations from unity for 

all samples except the oxygen-depleted bottoa-water samples . Oxygen 

production frees the pzJtoplankton blooms is spring and fall did not 

sigai=icantly raise oxygen values, ind~ca=4zg that oxygen levels ?n the 

STOCS area are controlled mainly by physical processes . 

Nutrients 

X12 nutrient concentration measurements performed in 1975 are 

reported, along with respective temperatures, salinities, and dissolved 

oxygen concentrations in Appendix t, Tables 11-20 . Nutrient concentra-

tions are reported in micronolar (uM) units which are equivalent to pre-

viously used microgram-atom units . The nutrients, nitrate, phosphate, 

and silicate, are discussed separately . 

Nitrate 

Table 17 lists minimum, maximum,and mean monthly nitrate concen- 



Year-3ottom 

Winter 0 .3 0 .2 5 .6 

March 0 .4 0 .4 15 .2 0.5 0.3 

April 0 .4 0 .4 14 .3 0 .6 0 .~ 

Springy 0.3 0 .3 11,2 1 .2 0 .9 

Ju17 0 .1 0 .8 9 .2 3 .9 2 .4 

Auaust <0 .1 <0 .1 14 .0 0.2 0.2 

Fall <0 .1 <0 .1 22 .1 17 .E 5 .6 

November 0 .3 0 .3 17 .1 8.1 3 .8 

December 0 .3 0 .4 15 .6 0 .7 0 .3 

i5-72 

T~LE 18 

SURI AC? AND ~~~^1-eC :':0 .̀^ ~~IT :Z-:k:E CO\'C ..N*T2ATT_OVS ('-'_-:) AT STQCS 
STATIONS ALONG ?'RA:+SrC 7 Z 

Sampiinc, STATICN S 
Month 1/II 2/Ii 3/II SB :?B 

Surf ace 

Winter 0 .1 0 .1 0.? - - 

March 0 .1 0 .1 0 .-1 0 .2 0 .2 

April 0 . -.~ 0 .2 0 .4 0 .1 0 .1 

Spri .̂3 0 .5 0 .4 0.3 0 .5 0 .2 

Ju17 0 .1 O .i 0.1 O .i 0 .2 

august 0 .1 <0 .1 <0 .1 0 .1 0 .2 

Fall <0 .1 <0 .1 <0 .1 <0 .1 <0 .1 

November 0 .1 0 .3 0.1 0 .2 0 .1 

December 0 .5 0 .4 0.5 0 .5 0 .4 
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cross-sectional mans of Transect II for each seasonal sampling period of 

1976 . Figure 37 indicates that winter nitrate was generally lower than 

0 .5 UM throughout the cross-section, increasing moderately below 60 

meters . Spring runoff boosted near-snore and surface nitrate concentra-

tions, as seen in Figure 38, leaving only a wedge of low-nitrate water 

between 10 and 40 meters, Also, the water column began to stratify with 

warning of the surface waters, hindering the rising of deeper nutrient-

rich water with shallower water . The high productivity in spring and 

15-74 

Nitrate is the limiting nutrient for productivity in the Gulf, and 

concentrations drop to near-zero in the summer after major phy:cplankton 

blooms in tie spring . Nitrate concentrations remain low until the begin-

ning of regeneration and/or destaS_iizat_o^ of the mater column vita 

increased vertical mixing in November-*December . The annual spring 

increase in surface nitrate is illustrated over the entire STCCS area 

in Figure 34 . This figure of winter, spring and fall values at all twelve 

primary stations also show; that near-shore spring surface concentrations 

were generally hiohest due to inputs from land . 

Vertical profiles of nitrate concentrations are illustrated in 

Figures 35 and 30 . Figure 35 shows spatial variations of nitrate in 

winter at the primary stations o : T:ansect I . Seasonal variations of 

nitrate in the water column at Station 3, Transect I, are shown in ig-

ure 36 . Tae figures display a marked increase in nitrate below 50 to 

70 meters, indicative of nutrient regeneration and the influence of 

200-300-m Western Gulf Water near the bottom . The intrusion of a tongue 

of 200-300-m Western Gulf Water was mentioned earlier in the discussion 

of dissolved oxygen . 

Nitrate concert-aligns .nave been contoured in Figures 37 to 39 with 
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Season Number of 
Mean Minimum Maximum 

Surface 
Observations Mean 

Winter 56 0.33 0.01 1- .21 

March 25 0.21. 0.03 0.94 

April 25 0.1-9 0.02 0.8s 

Spring 56 0 . :15 VOL 0 .79 

July 27 0 .36 0.06 2,43 

August 24 0 .23 <0 .01 1 .11, 

Togo High 24 0 .36 <U,OI 1 .35 

Fall 82 0.31 <0,01 1 .33 

November 20 0.17 <0 .01 0.96 

December 30 0.17 0 .02 1 .02 

0 .22 

0 .20 

0 . :15 

0.10 

0 .14 

0 .16 

0 .20 

0 .22 

0 .10 

0 .12 

I 
W 

TABLE 19 

SUMMARY ON NUMBER OF PHOSPHATE OBSERVATIONS, MILAN, MINIMUM AND MAXIMUM i'.ONCLN7'RA'C IONS (pAi) 
OBTAINED SEASONALLY AND MONTHLY 1N THE S'COCS AREA (1976) 
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Figure 40 . Monthly Variations in Phosphate Along; '1`rausect 11 1u 1976 . 
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Figure ,'2 . Phosphate Concentrations ?long Transec- I During the 
Winter Sampling (1916) . 
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Winter 56 2 .4 0.8 7 .8 2 .3 

March 25 3 .4 1 .4 8 .5 3 .6 

April 25 1 .8 0 .1 6 .6 0 .6 

Spring 56 3.2 0.8 15 .8 1,7 

.July L7 2 .1 0 .7 11 .4 1 .4 

August 24 1 .9 0.6 5 .0 2 .4 

'logo High 24 2 .1 0.7 7 .1 1 .3 

Fall 82 2 .4 0.4 6 .7 2,6 

November 20 3 .4 1 .3 6 .8 3,4 

December 30 2 .5 0 .8 5 .1 2 .3 

F-' 
v. 

N 

TABLE 21 

SUMMARY OF NUMBER OF SILICATE OBSERVATIONS, MEAN, MINIMUM AND hlAX1AtUM CONCENTRATIONS (pM) 
OBTAINED SEASONALLY AND MONTHLY IN 'fill? S'1'()Cti AREA (1976) 

Season Number of Surface Mean Minimum Maximum 
Mean Observations 
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Figure 48 . Year-Sur-face Silicate Concentrations (~H) is the STOCS Area 

During the Seasonal Cruises in 1976 . 
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Figure 50 . Silicate Concentrations at Station 3/1 During the 71hree 
Seasonal Samplings (1975) . 
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O:cvaen and Nutrient Correlations 

Correlation coefficients for dissolved o:t>-g_n, nutrients and iMk-hydra-

carbons data are tabulated in Table 23 . The table shows reasonable corre-

latioas of oxygen, phosphate, and nitrate with depth, due primarily to .he 

intrusion of nutrient-rich, oxygen-poor water at depth in the STOCS region . 

Silicate did not correlate well with depth due to lame surface influxes 

or si .izate _` :cm continental runoff . 7cr similar reasons, oxygen correlated 

with nitrate and phosphate, buy not with silicate . As expected, tine pest 

correiarion was nitrate with phosphate (0 .6i), since theoretically, these 

nutrients are assimilated by primary producers in s_oicaiometric propor-

tions . Silicate correlated reasonably well with phosphate (0 .55), but 

poor' with nitrate (0 .40) Because nitrate is the productivity limiting 

r_utrent, whereas neither ?hes?hate or silicate remain depleted during 

the summer and all . 

15-i02 

nutrient, overall silicate concentrations per= increased . 
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URti'H . The increase in methane levels i:I bottom water at Station 

3/I'7 indicates that s2ena;e . ; occur:ina near this s=at4on . Gas 

seepage has also been observed and collected at Southern Ban:{ . This 

gas was principally methane (99 .96 percent) with only a small amount 

of ethane (0 .04 percent) . The molecular composition along with 1'C/'-'C 

ratios en tae methane (-50 .2 apt relative :o PD3) indicates a 

bic;ezic source . Many other areas of gas seepage have been ebser-7ed 

by acoustical reflections in the STCCS area . 

15 -10 

The lower Texas 5^~'_L i3 T'Elc :1V2i,,' "clean" rEso-ect to 

il`IC:L .1.C =bOi1S , -i3 j.M :~'i1 i1 the SCl:t1 i2 :{?.S OCS area are chiefly de-

rived Zrom natural sources . The major source o= met'. .̂ar.e appears to 

be i~ .s-u produc_ior. in tae water column . There appears to be a 

seasezal pat~~err. co the vertical cistributiun of methane 4, t: ~e 

:eater column . I:: t:-:e ain=er, due ~o t :: .bulent 3;Yi .̂,v, tie :cater 

column 1S =31:i,7 1^_LJrm ;11Ch respect to Durin :, 

C:1? 3 :1.T..T.C' : and fall, 33 stratification CL t,'12 water CoLliiaR ~2VelopS, 

d '?d:{.^lim in 7-et*-a:-,P- associated with the develops . 

This concentration maximum can, 52 almost an Older of m2~P1C'1G~2 ~'l .~^er 

"1dL1 .,;at,?-: above and 72iCW . "2 ma :{~m um DiOD30 L' e Si.? ~3 I' C^1 

dCC'.=LldC10?1 of 51572Rded '1dC~2r or. the SC=3C1liC3t10 :1 SCl:i1d3 :V 

due t0 restriction Of 32tt1iRa, velocities across C :!E? density zradient, 

with subsequent Dr^vQuCt .0n of methane in small P1iCr0-:2dllC :II,, 

environments of suspended particles . 

Gas seepage 325C accounts LO : some natural inputs of saturated 
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surface water is most e= the water above 60 meters, 
- 
out 

COACi..̂2IIt3l runoff influences near-3^Oi2 COPzE:1rraL1J .̂3, especial'- :.-

in the sprl ;lla . Nitrate 1S =18 limiting .̂U CTi°_P1C CO 7r0d1CC1V1 : ;', 

and d?Sd?o23TS after "12 37?'1:1Q ?hVCO'a1dC;KtOri blooms througIrl the 

sinner and early :all . Phosphate and SlI1C2 :e are affected by 

C(12 high spring produCcivity but are not completely removed . These 

nutrients 3r2 gradual? : ?'eoI2 :113 :1t',! during the s,,;7,,Mer and fall to 

uZpta2 :3t-?i :i values by December . The L ;:~-r11S1oi: OF C:12 illt :~2Ct-

T1Ch 70-300-',2 :ti23C°_r`? -~llit Water cart d,g1 .'l be zlearly seen 

below 77 =2t2I'3 =TCL1 :!liCr1eL1C ~_ORC°IICi3Ci~R contours across cross- 

sectional diag .a.ras of ':ransect TI . 
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An extensive survey of the level of natural and petroleum type hydro-
carbons in seawater, zooplankton and sediment was made . The presence or 
absence of indicator parameters including, n-paraffins, odd-even ratios, 
unresolved GLC humps, and GC/XS confirmation of aromatic hydrocarbons, were 
taken as a measure of petroleum contamination . 

The zooplankton samples showed unambiguous and substantial petroleum 
contamination . Twenty-six of the 84 samples examined showed contamination . 

similar observation was made during the 1975 STOCS study, and, in fact, 
there was a slight increase in the percent of samples contaminated . This 
contamination was probably due to micro-tar-balls in the zooplankton tows . 
Further study is recommended . 

Dissolved and particulate hydrocarbons in seawater were determined in 
73 and 70 samples, respectively . The data indicated that concentrations 
of dissolved and particulate hydrocarbons were similar in magnitude . 
Hydrocarbons in both fractions decreased in concentration with distance 
offshore . Seasonal trends in concentration were also indicated for both 
fractions but were difficult to interpret . The hydrocarbon composition 
o= the two fractions were often similar with a slight odd carbon preference 
indicated among n-alkanes . Hydrocarbons in the C25 - C33 molecular weight 
range were generally the most abundant . 

Analyses of 175 sediment samples from the open shelf revealed that 
sediment hydrocarbon chemistry is complex . The observed hydrocarbon 
patterns require multiple sources, including plankton, bacteria, infauna, 
and perhaps higher plant detritus . Detection of traces of petroleum 
hydrocarbon in this matrix will require detailed studies of sediment as 
an active sink for organic matter . 
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ABSTRACT 



weight range of C-15 to C-36, saturated, unsaturated and aromatic, iso-

lated from the water column, zooplankton tows and sediments . Our know-

ledge of dissolved and particulate organic compounds in seawater is 

meager, in part, because of the low levels of occurrences and, in part, 

because most studies described in the literature were generally designed 

for special purposes . For this reason, the large descriptive study of 

hydrocarbons in this study is a useful contribution to the field, 

although technical problems preclude sophisticated statistical inferences . 

The hydrocarbons of seawater are best understood if related to the general 

organic chemistry of seawater . Organic matter (OM) in seawater is derived 

from living material . For experimental and biological. reasons, OM is 

generally classified as dissolved or particulate . The particulate 

material may be further sub-divided into living and non-living (detritus) . 
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INTRODUCTION 

These studies of high-molecular-weight hydrocarbon patterns and abun- 

dances in the water column, zooplankton and sediment were undertaken within 

a double conceptual framework . The driving force for the studies has been 

the urgent need for BLM, as the responsible federal agency, to provide a 

significant body of benchmark and descriptive data for environmental qual-

ity monitoring purposes . Overlapping this environmental quality concern 

of BL.K and the scientific community, has been the wish of the participa-

ting scientists to extend our understanding of the organic geochemistry 

of continental margins . A sharing of these needs, environmetal and basic 

science, has resulted in a large body of useful chemical data . 

Background 

The study, and this report, deal with hydrocarbons in the molecular 



ton, is well known, especially when compared to seawater and sediment . 

Biochemistry texts treat this topic in a general way . Generalizations 

regarding the chemical makeup of marine life which are useful for oil 

pollution research include the following ; marine life contains essentially 

no aromatic hydrocarbons ; in general, the normal paraffins of cells have 
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The study of these materials has received great impetus due to recent 

developments in analytical instrumentation . There is now a fairly clear 

picture of the level of total particulate organic matter (POC) and total 

dissolved organic matter (DOC) in various marine environments . Specific 

chemical compounds have been isolated and identified in a few cases . 

However, our knowledge at this level is so fragmentary that definition 

of the reactivity and function of POC and DOC cannot be made . Hydro-

carbons, both natural and petroleum derived, constitute a fraction of 

both POC and DOC . The approximate levels of the various organics in the 

water column are given in Tables 1 and 2 . 

Several points should be noted from these data ; the coastal seas 

are enriched in organic matter relative to the open ocean ; only 10-20 

percent of the total DOC can be accounted for as individual organic molecules 

(some workers speculate that the remainder may have reacted to form a high 

molecular weight polymer) ; and, that fraction of DOC composing hydrocarbons, 

natural or man-induced, is among the least abundant molecular types in 

the sea, being only slightly more abundant than vitamins . This low level 

suggests that oil pollution might be quickly obvious in seawater, but low 

level is also the reason that the measurement of oil baselines in the sea 

is so difficult . BLA programs are providing a DOC-HC baseline by virtue 

of the scale of the program . 

The chemical composition of living matter, including the marine plank- 



ORGANIC MATTER IN SURFACE GULF OF MEXICO SEAWATER (mg/1) 

CONSTITUENT LOCATION CONCENTRATION RANGE 

DOC1 
POC2 

DOC 
POC 

DOC 
POC 

DOC 
POC 

N .W . Gulf, inner shelf` 1 .0 - 4 .0 
N .W . Gulf, inner shelf 0 .2 - 2 .5 

N .W . Gulf estuaries4 3 -30 
N,W . Gulf estuaries 1 -30 

ZDOC - total dissolved organic matter 
2POC = particulate organic matter 
3from Fredericks and Sackett (1970) 
``from Mauer and Parker (1972) 

10 -.') 

TABLE 1 

Open Gulf3 0 .45 - 1 .1 
Open Gulf 0 .02 - 0 .13 

N .W . Gulf OCS`` 1 .2 - 2 .5 
N .W . Gulf OCS 0 .1 - 0 .4 



SPECIFIC DISSOLVED ORGANIC COMPOUNDS IDENTIFIED IN SURFACE SEAWATER (ug/1) 

SUBSTANCE LOCATION CONCENTRATION RANGE 

DOC1 Average value 1000 

Amino Acids total North Atlantic 6 - 47 
Alanine " 1 .7 - 15 
Leucine " 0 .1 - 5 .4 

Total carbohydrates Average 200 -6U0 
Individual sugars Average 0 - 20 

Lipids 
Total Lipids 
Total Fatty Acids 
Individual Fatty Acids 
Total n-Paraffins 
Non-Volatile Hydrocarbons 

Vitamins 

r 
i 150 -310 

1 - 9 
0 - 2 
0 .8 - 1 .0 
4 

0 .1 

Jeffrey (1070) 
Williams (1965) 
Williams (1965) 
Parker (1972) 
Monaghan (1973) 

Stumm (1975) 

Gulf of Mexico 
N . E . Pacific 
N . E . Pacific 
Gulf of Mexico 
Mediterranean 

Average 

1DOC = total dissolved organic matter 

TABLE 2 

REFERENCES 

1'ocklington (1971) 

Williams (1975) 



The purpose of this study was to obtain a significant body of analy- 
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an odd number of carbon atoms ; and, hydrocarbons are a minor constituent 

of marine life, and even less concentrated in seawater (Clark and Blumer, 

1967) . 

Useful environmental insights most likely result when the overall 

organic geochemistry of systems is considered . This is especially so for 

the sediment oil pollution problem since sediments are made complex by 

the long time interval of exposure . One oust keep in mind that all 

petroleum had its origin in sediment much like that observed today . The 

organic geochemistry of sediments is well studied with regard to the 

occurrence and chemical transformations of fatty acids, amino acids, 

fatty alcohols, stable carbon isotopes and kerogen (Eglinton, 1969 ; Yen, 

1977) . Table 3 describes an idealized Gulf of Mexico shelf sediment 

based on data gathered in this laboratory over a IO year period . As the 

case for seawater, the hydrocarbons constitute a minor faction of the 

total organic matter in surface sediment . The generalizations made for 

living matter apply somewhat to surface sediment, but exceptions are more 

frequent . In general, a suitable working hypothesis is that aromatic 

hydrocarbons are absent or very low and normal paraffins are mostly of 

odd carbon numbers . Hydrocarbon patterns are complex because bacteria 

and infauna add their own special hydrocarbon composition to sediment over 

the decades of deposition . Thus, sediment may be viewed as the time-

integrated organic record . If oil pollution is added to sediment, the 

record will persist for some time, whether for days, weeks or months is 

not known . The sediment hydrocarbon data gathered under this BL24 program 

is considered in this framework . 

METHODS AND MATERIALS 



lfrem Parker (1967), Parker (1969), and Sever and Parker (1969) 
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TALE 3 

MATERIAL BALANCE Iv AN IDEALIZED GULF OF MEXICO SURFACE SEDL~IE:1T1 

Dry Weight 16 g 
Total Organic Carbon 100 mg 
Non-Lipid Carbon 95 mg 
Total Lipid Carbon 5 mg 
Total Non-Saponifiables 3 mg 
Total Fatty Acids 0 .4 mg 
Total Sterols 0 .1 mg 
Total Fatty Alcohols 0.1 mg 
Total Saturated Hydrocarbons 0.03 mg 



which was towed obliquely from near-bottom to near-surface for 15 minutes . 

The net, dedicated to this use, was kept in a special clean box when not 

is use . This clean box was constructed of 3/4-in . plywood which was cov-

ered inside and outside with a layer of fiberglass cloth sealed with epoxy 

resin . The box was of sufficient size to contain the frame, net and all 

lines . The lid sealed so as to exclude dust . Samples were not "washed 

down" the net into the cod-end so as to avoid contamination from the ship's 

pumps . If the net needed cleaning, it was lowered to a depth of ZO m, 

raised, and lowered without a cod-end collecting jar . The samples were 

placed is precleaned glass jars with tef lon lid liners and frozen on board 

ship . The jars were precleaned by washing with high phosphate detergent 

and hot water followed by rinsing with double distilled water then with 

methanol . 

Seawater samples were collected from 10 m below the surface using a 

collection device which consisted of a glass carboy which could be opened 

and closed by means of a plug attached to a nylon line from the ship's 

deck . a minimum of 38 Z (two, 5-gallon carboys) was taken . The samples 

tical data on environmental hydrocarbons levels which could serve as a 

baseline against which future levels might be compared . An intense effort 

was made to identify hydrocarbon molecules which might serve as indicators 

of petroleum . The experimental elements were : careful collection, preser-

vation and transportation of samples in the field ; laboratory analyses 

using as nearly as possible standardized and modern techniques ; and, central 

data storage and computer analysis . 

Sample Collection 

The sampling frequency, stations sampled, and number of samples col-

lected was as shown fn Table 4 . 

Zooplankton samples were collected with a 1-m net (250 um vITEX mesh) 



124 samples were planned, but 18 were taken 
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TABLE 4 

SUMMARY OF SAMPLING FREQUENCY, STATIONS SAMPLED Ain NUMBER OF SAMPLES 

Sample Type Station/Transect TIME Number of Samples 

Water/dissolved 1-3 / I-IV 3 Seasons 36 
Water/dissolved 1-3 /II 6 Months 18 
Water/dissolved 20 replicate samples taken at random 20 

74 

Water/particulate 1-3 / I-IV 3 Seasons 36 
Water/particulate 1-3 /II 6 Months 18 
Water/particulate 20 replicate samples taken at random 20 

74 

Zooplankton 1-3 / I-IV 3 Seasons 36 
Zooplankton 1-3 /II 6 Months 18 
Zooplankton 30 replicate samples taken at random 30 

84 

Sediment, shelf 1-7 / I-IV 3 Seasons 175 
5 replicate samples taken at each station 
during one season 

Sediment, Topographic 18 1 
Highs 

193 

Total for Analyses 425 



U 

Zooplankton hydrocarbons were isolated and purified using the method 

described in Attachment A (Contract AA550-CT6-17) which is detailed in 
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were filtered through glass fiber filters which had been precleaned by 

reflex with chloroform . The nominal pore size of the filters is 1 .2 um . 

The pads containing the particulate organic matter (POC) were placed in 

small glass jars with teflon lids and frozen . The filtrate was poisoned 

with 50 ml of chloroform and processed as soon as possible on returning 

to the laboratory . 

Sediment samples were obtained as subsamples of a Smith-Maclntyre 

grab . Each subsample, weighing approximately 1 kg, was taken from the top 

5 cm of the grab . The samples were placed in prec?eaned glass jars with 

teflon lid liners, taking care not to fill each jar more than one-half 

full . The samples were frozen on board ship and kept frozen until analysis . 

Obvious marine animals were seldom encountered in the sediment, but were 

discarded when found . If the sample was a pooled sample, this operation 

was performed at sea prior to freezing . In cases where chemical analysis 

was possible within a few days after collection, the samples were main-

tained at 0°C to avoid the risk of the jar breaking due to freezing . 

Laboratory Analysis 

Throughout this study, purified solvents, inorganic chemicals and 

double distilled water were used . Control samples and blanks were used 

to insure that no gross contamination was present . The laboratory was in 

a new building and had never been used for any other purposes . At no 

time was severe contamination encountered . The most serious problem was 

the chemical purity of the organic solvents used . For example, some lots 

of hexane and heptane contained a variety of hexanes and heptanes . 

Zooplankton Samples 



added to the saponification solution an hour prior to reflux termination . 

When saponification was complete the mixture was transferred while warm to 2 

separatory funnel and enough saturated NaCl solution was added to cause 

two phases to form when IS ml of .n-hexane was added . The non-saponifiable 

lipids, which included hydrocarbons, were extracted into tree 25 ml 

portions of n-hexane .. The saponifiable fraction was discarded, and the 

non-saponifiable extracts combined and set aside for purification by column 

chromatography . 
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the following description . The samples were quickly thawed by standing 

the bars in warm water . Care was taken not to contaminate the rim of the 

jar . The sample was inspected for tar-balls greater than 1 mm and any 

present were discarded . Micro-tar balls were present in some samples and 

were taken as a valid part of the sample . The thawed sample (approximately 

25 g wet weight) were poured into a pre-cleaned (by extraction) cellulose 

Soxhlet extraction thimble (Whatman, single thickness, 33 s 80 mm) 

and allowed to drain . If the seawatar filtrate showed color, it was 

extracted with a few ml of toluene which was added to the Soxhlet extractor . 

The thimble was placed in a Soxhlet extractor, heated on a steams 

table, and continuously extracted for 12 hours using a solvent charge of 

125 ml of the methanol-toluene (7 :3) azeotrope . The extraction was 

repeated with fresh solvent and the extracts combined . The solid residue 

in the thimble was dried at 80°C and weighed . The extracts were taken to 

dryness on a roto-vap at 45°C with 1/2 an atmosphere of vacuum . 

The lipid recovered by Soxhlet extraction was saponified by reflux- 

ing (6 hours) with a 0 .5 KGH-methanol solution . This reflux solution had 

been pre-purified by extraction with toluene . In cases inhere GLC indicated 

that methyl esters were present, the sample was re-saponiiied . In general, 

ester formation did not occur if a few milliliters of distilled water were 



to a small vole (a few ml) using an all glass flash evaporator ryas 

transferred to the top of the column using a transfer pipette . The 

saturated hydrocarbons eluted with two column volumes or hexane were 

set aside for gas chromatography (GLC) and gas chromatography-mass spec-

trometry (GC/MS) . Hexane insoluble material not previously added to the 

column was washed onto the column with a few milliliters of benzene . The 

nonsaturated, so called "aromatic", fraction was eluted with two column 

volumes of benzene . The benzene in this fraction was gradually replaced 

by adding hexane and evaporating under a stream of nitrogen, taking care 

not to let the sample go dry at any time, yielding a final volume of 1 ml 

or less . The hexane eluate was reduced in volume in the same way . The 

weight, when enough material was present to weigh, oz each fraction was 

determined on an aliquot of the eluates . The samples were set aside and 

later submitted to GLC and, if appropriate, to GC/MS . 

The GLC and GC/MS techniques used are described later in this sec-

tion of the report . 
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Column chromatography was carried out according to Attachment A (Con-

tract AAS50-CT6-17) to purify the total hydrocarbon extract and to separate 

it into two chemical fractions, saturated hydrocarbons and the non-saturated 

hydrocarbons which include both olefins and aromatic molecules . This 

method is described in the following paragraphs . 

A large batch of one part alumina plus two parts silica gel, both 

Activity I, was prepared using hydrocarbon-free chemicals . Column chroma-

tography was carried out using this material with a sample to packing ratio 

of 1 :300 in a glass column with a teflon stopcock and with a length to 

inside diameter ratio of about 20 :1 : As standard procedure, the packed 

column was washed with two column volumes of hexane prior to sample loading . 

The sample from the saponification procedure which had been reduced 



for as shown in Figure 1 . The 38 1 sample was passed through the apparatus 

at a flow rate of about 26 ml/min . (38 I in 24 hours) . The extraction 

efficiency of the method was tested at several flow rates . The results 

of these tests (Table 5) indicated as efficiency of greater than 95 

percent wizen the flow rate was less than 38 1 per 18 hours . 
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A tissue sample spiked with n-C32 and phenanthrene was taken through 

the procedures decribed above and gave 95 and 98% recovery, respectively . 

Water-Particulate High-Molecular-Weight Hydrocarbons 

The frozen filters containing particulate hydrocarbons were thawed, 

placed in a SO ml flask and extracted with 15 ml hexane on a hot plate 

at 50°C for at least three hours . The hexane was decanted, replaced with 

an equal volume of chloroform and the extraction was repeated for an 

additional three hours at 50°C . The extracts were combined and reduced 

to near dryness under a nitrogen stream . A small amount or hexane was 

added continuously to replace the chloroform phase . The hexane was 

evaporated to about 0 .1 ml under a stream of purified nitrogen at room 

temperature . The sample was transferred to a micro silica-oel-alumina 

column (0 .4 cm x 8 cm) . Another 0 .4 ml portion of hetane was used to rinse 

the vial in which the sample was evaporated and this hexane was added 

to the column . Hexane was used to elute a 0 .2 ml initial fraction which 

was discarded, following which a 2 ml hexane fraction was collected . The 

non-saturates were eluted with 2 ml of benzene . Hexane and benzene 

eluates were evaporated under nitrogen to a volume of about 100 u1 . The 

samples were tightly sealed in a vial with Teflon-lined caps and further, 

concentrated to a volume of about 25 u1 (exact volume was measured with 

a 50 y1 syringe) just prior to gas chromatographic analysis . 

Water-Dissolved High-Molecular-Weight Hydrocarbons 

Samples were extracted with chloroform in a continuous flow extrac- 
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EXTRACTION EFFICIENCY TEST RECOVERY OF n-C21 PARAFFIN 
ADDED TO 38-1 OF FILTERED, EXTRACTED SEaWATER . 

CONCENTRATION : 0 .13 yg/1 

Standard 17421 1747 

Standard 
Diluted, Evaporated 1727 

Test 5 
24 hr Extraction 1701 

Test 6 
24 hr Extraction 1779 

Test 7 
<18 hr Extraction 1649 

Test 8 
<15 hr Extraction 1487 

1812 
(1811) 

1506 

98% 

87% 1546 1513 

'Numbers represent electronic integration values 
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TABLE 5 

#1 #2 

1837 

1639 

1757 

#3 

1700 

1682 

lbbl 

1638 

1648 

Av . 

1130 

1749 

1667 

1725 

1702 

Percent 
Recovery 

100/0.1 

101 

96% 

iooz 



bumping on the steambath . The flask was placed in reflex on a steam bath 

for 14 hours using a Friedrichs condenser with standard taper joints and 

a drip tip . The solvent, while warm, was decanted through a prewashed 

filter (Whatman 541) and set aside for later analysis . Fresh solvent and 

After the water had bees extracted, chloroform from the extraction chambers 

eras transferred through glass tubing to a flask in which the pressure had 

been reduced by means of a small diaphragm pump . Chloroform from the car-

boys was poured into the same flask . The sides of the extraction chambers 

and the collection carboys were rinsed with fresh chloroform . The chloro-

form extracts were then combined and reduced to a volume of S ml by distil-

ling off the chloroform at reduced pressure through a Kuderna-Danish column . 

The sample was then further concentrated under nitrogen and transferred to 

a microsilica-gel-alumina column as described for tie particulate hydrocar-

bon samples . The final hexane and benzene eluates were held for GLC and 

GC/MS analysis . 

Sediment 

The sediment samples were freeze-dried as tie first step of analysis . 

This was accomplished by spreading the sample as a thin paste on stainless 

steel trays . The freeze drier used in the early part of the study was a 

small unit (Virtis Model 10-PR) which was fitted with an oversized vacuum 

pump and a double cold trap so as to accelerate drying . Later, a Virtis 

Model ZS SRC was used as factory installed . 

Hydrocarbons were isolated from sediments and purified using the 

method described fn Attachment A (Contract AA550-CT6-17) with the reflex 

option . This procedure is as follows : The freeze-dried sediment sample 

(200-300 g) was placed in a large round-bottomed flask (1-I) and covered 

(approximately 200 ml) with the toluene-methanol azeotrope (3 :7) using 

care that the flask was not more than one-half full so as to avoid severe 



column chromatography according to the scheme described for zooplankton . 

Several times during the column chromatography of sediments it appeared 

that the saturated hydrocarbons were not completely eluted with the two 

column volumes of hexane . It was necessary to repeat the 

column chromatography . This problem deserves special care because often 

the hexane used was rich fn cyclohexane which, being more polar, should 

cause even faster elution . Other workers may wish to use more solvent 

for this elution . 

The two hydrocarbon fractions isolated from sediments and purified, 

saturated and non-saturated, were finally taken up in a small volume of 

hexane (0 .05 to 0 .5 ml) and both for GLC and ~GCI`1S analysis . 

1b-16 

any sediment on the filter paper were added to the flask and the reflux 

extraction repeated for 7-10 hours . Finally, the sediment was filtered 

onto a Buchner funnel, the sediment washed with warm hexane and all extracts 

combined . The sediment was dried at 45°C and weighed . 

The combined extracts were taken to just dryness on a roto-vap 

and taken up in hot KOH-methanol (0 .5 N) for saponification . Saponitica-

tion was carried out according to the procedure described above for zoo-

plankton . Yo severe problem was encountered with the formation of methyl 

esters, but in cases where GLC or GC/MS indicated ester formation, the 

samples were resaponified . Texas coastal sediment is not high in organic 

matter relative to California basin sediments for which reason elemental 

sulfur was not indicated to be a problem in this study . The non-saponi-

liable fraction obtained in the hexane extract of the saponirication 

mixture was taken to dryness and weighed, yielding the weight of non-sapon-

ifiable lipids . 

The non-saponifiable lipids were submitted to silica-gel-alumina 



lUse of brand names does not constitute an endorsement but is included 
for descriptive purposes only . 
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Instrumentation 

Gas Chromatographic Analyses 

The primary tool for component identification and quantification 

used in this project was the gas chromatograph (GLC) . Identification by 

GLC is accomplished by comparison of the relative retention times of the 

unknown compounds with those of selected known standard compounds . Such 

identification techniques are reasonably valid if the mixtures are not 

complex and expected components are encountered, 

The GLC instruments used in this study were a Perkin-Elmer' Model 

900 and a Varian yodel 3700 . Both instruments were equipped with dual 

column flame ionization detectors and electronic integration of peaks . 

An Infotronics Model CRS-204 and Columbia Scientific Industries Model 

CSI-38 digital integrators were used to quantify the GLC separate compo-

nents . However, due to the complex nature of the GLC patterns and the 

lack of sophistication of the integrators, it was necessary to hand check 

each GLC . 

Both GLC instruments used 0 .32 cm (1/8 in .) by 183 cm (6 ft) dual, 

packed columns to effect the separation . The column packing material was 

60-80 mesh Gaschrom Q (acid-washed) with a 5 percent by weight loading 

of FFAP (product of Varian Corp) as the stationary liquid-phase . Gener-

ally, the operating conditions were as given in Table 6 . These columns 

and conditions were used for virtually all analyses of STOCS samples . 

On occasion, lower initial temperatures and longer initial or final hold 

times were used . 

The high temperature to which these columns were subjected was higher 



OPERATING CONDITIONS FOR GLC ANALYSIS 

Carrier Gas Helium 

Carrier flow rate 30 ml/min . 

Flame detector gas flow rates 
Hydrogen 
fir 

70°C 
b min . 
6°C/min. 

270°C 
24 min . 

Program rate of rise 
Final temperature 
Final temperature hold time 
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TABLE 6 

Temperature programming 
Initial temperature 
Initial temperature hold time 

30 ml/min . 
300 ml/min . 



than that recommended by the liquid-phase manufacturer . For this 

reason, the columns had a large amount of column "bleed" at the high 

temperature which shortened the useful life . Approximately 100 samples 

could be analyzed before the resolution was considered too poor to permit 

further analysis . 

Instrument sensitivity and resolution were checked daily by running 

a standard mixture of components . When the resolution fell below that 

recommended in Attachment A (Contract AA550-CT6-17), the GLC columns were 

replaced . The daily standard check was used to establish the sensitivity 

of the instrumentation to allow quantification of the GLC peak data . 

GLC peak data for each sample are presented in Appendix L . The 

data consist of a listing of peak retention index and concentrations in 

the sample for each of the two analyzed fractions : hexane eluate and 

benzene eluate from liquid column chromatography . The retention index 

used is normalized to the relative retention times of the n-alkanes . Thus, 

for example, the hydrocarbon n-hexadecane has a relative retention index 

equal to 1600, n-heptadecane equal to 1700, etc . Hydrocarbons having inter-

mediate retention times between n-alkanes are assigned interpolated reten-

tion indices ; for example, pristane (19 carbon atoms) has a retention index 

of 1670 and phytane (20 carbon atoms) a retention index of 1780 in as much 

as their peaks are eluted prior to elution of n-heptadecane and n-octadecane, 

respectively, on the columns in this study . Retention indices depend upon 

the nature and molecular size of the component being eluted . Thus, on 

FFAP, branched chain hydrocarbons elute earlier than the straight chain 

homologs of the same molecular weight while unsaturation of carbon to 

carbon bonds will cause the component to elute. later than the saturated 

compound having the same number of carbon atoms . 



a DuPont Instruments Model 21-094B MS Data System . The chromatograph 

associated with this instrument was a Varian-Aerograph Model 2700 modified 

DuPont for this service . The effluent from the single chromatographic 

column was split 9 :1 with the major portion of the sample going to the 

mass spectrometer and the minor portion to a flame ionization detector . 

The chromatographic column and conditions used for GC/MS analysis 

were identical to those used in standard GLC techniques . 

Gas Chromatography Mass Spectrometer-Computer Analyses 

Where complex component mixtures are to be analyzed it is necessary 

to augment the chromatographic technique with other ogranic compound iden-

tification methods . One of the more powerful methods is mass spectrometry . 

Gas chromatography combined with mass spectrometry GC/MS was applied to 

many of the samples also characterized by gas chromatography alone . A 

computerized data system was used to assist with data acquisition and 

data analysis . 

The 1976 contract called for GC/MS analysis of 10% of the sample 

fractions generated in the study . In all, 84 zooplankton, 74 water fil-

trates, 74 water particulates and 175 sediment extracts were generated 

with two fractions for each sample . In addition, 18 sediment samples were 

processed in conjunction with the Topographic Features Study. Thus, 425 

samples or 850 fractions were processed . Because the necessary data 

acquisition equipment was not available until the fourth quarter of study, 

data from only a limited number of the 85 contracted analyses were avail-

able for inclusion in this report . The remaining analyses and data are 

reported in an addendum to this report . 

The instrument used was a DuPont Instruments Model 21-49 GC/MS with 



were selected to provide information about peaks which consistently were 

found prominent fn many samples . The retention index - concentration data 

for all analyses were manipulated by a computer program to sort out those 

chromatographic peaks of "importance" and to flag those samples which 

could be used to characterize the peak by GC/MS analyses . Such lists of 

"important" peaks were prepared for each sample type (zooplankton, sedi-

ment, water) and each fraction type (saturated, non-saturated) . These 

lists are given in Tables 7-10 . Included in these tables are the peak 

identifications as determined (or confirmed) by GC/MS analysis . Not all 

peaks were identified . Not included in these tables are the most commonly 

encountered and easily identified n-alkanes and pristane . 

1V-LJ 

It was recognized that for this column these conditions were not 

necessarily the best for general GC/MS work and that column "bleed" above 

220°C was high for GC/MS analyses . However, these parameters were the 

same as those used in the standard GLC analyses of the samples and, thus, 

the interpretation of the data was enhanced by direct comparison of the 

two data sets . 

The mass spectrometer was operated with a source temperature of 

200°C, electron accelerating potential of 70 volts and an ion accelerating 

potential of approximately 1400 volts . The mass range from above mie = 

500 to below m/e = 40 was continuously scanned . 

The instrument is capable of unit resolution at m/e 5 1100 but 

slits and focussing parameters were adjusted for maximum sensitivity at 

m/e ti 600 . Sensitivity was estimated at better than 1.5 ng hydrocarbon 

at molecular weight 282 in the reconstructed chromatogram . Specific ion 

mass-chromatograms effectively allowed even better sensitivity . 

Samples for GC/MS analysis were not selected randomly, but rather 
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TABLE 7 

GAS CHROMATOGRAPHIC PEAKS OF SIGNIFICANCE 
IN HEXANE ELUATES OF ZOOPLANKTON EXTRACTS' 

Retention 
Index Formula Identification by GC/MS 

1645 C16H32 C16 :1 hydrocarbon 

1847 C1gH36 Clg :l hydrocarbon 

1923 CZpH4p or C20H3g C20 :1 or C2p :2 hydrocarbon 

1965 C2pH3g Phytadienes 

2049 C2pH40 CZp :l hydrocarbon 

2141 C25H46 C25 :3 highly branched hydrocarbon 

2250 C22H44 C22 :1 hydrocarbon 

1The frequently occurring n-alkanes and isoprenoids are omitted from this 
table . 



Retention 
Index Formula Identification by GC/MS 

1923 C13H230H di-t-butyl creson (preservative) 

1953 C2pH3g phytadienes C20 :2 hydrocarbon 

1984 CZ0H3g phytadienes C2p :2 hydrocarbon 
2010 ? ? 

2036 ? ? 

2129 C21H3g C21 :3 hydrocarbon (branched) 

2146 C31H31COOCH3 Methyl ester of C16 :0 fatty acid 

2188 C21Hgg C21 :3 hydrocarbon (branched) 

2221 ? ? 

2252 ? 

2281 C19H30 CI9 :5 hydrocarbon 

2332 ? 

2412 C20H39COOCIi3 Methyl ester of C21 :1 fatty acid 

2441 C25H46 C25 :3 hydrocarbon (branched) 

2515 C25Ht,4 C25 :4 hydrocarbon (branched) 
2669 ? phthalate ester 

2740 C2gHc,p C25 :4 hydrocarbon 

2759 C20H34 C2p :4 hydrocarbon 

2799 C2pH34 C2p :4 hydrocarbon 

3027 C30H50 Squalene isomer 
3056 CgpHSo Squalene isomer 
3148 C24H3804(?) phthalate ester (dicctyl?) 

TABLE 8 

GAS CHROMATOGRAPHIC PEAKS OF SIGNIFICANCE 
IN BENZENE ELUATES OF ZQOPLAIdKTON EXTRACTS 



GAS CHROMATOGRAPHIC PEAKS OF SIGNIFICANCE 
L'V HEXANE ELUATES OF SEDIMENT EXTRACTS' 

Retention 
Index Formula Identification by GC/MS 

'The frequently occurring n-alkanes and isoprenoids are omitted from this 
table . 

lb-Lb 

TABLE 9 

1444 C14H2$ Tetradecene (probable straight chain) 

1647 C16H32 Hexadecene (probable straight chain) 

1742 C17H3q(?) Heptadecene (?)(probable straight chain) 

1848 C18x36 Octadecene (probable straight chain) 

1955 C1gHg7OH Octadecanol 

1972 ? Unknown 

2054 ? Unknown 

2147 CZ142 Heneicosene (probable straight chain) 

2241 ? Unknown 

3054 C30H50 Squalene 



GAS CHROMATOGRAPHIC PEAKS OF SIGNIFICANCE 
IN BENZENE ELL7dTES OF SEDIMENT EXTRACTS' 

1833 ? 

2008 ? 

2041 C14H29COOCH3 

2067 C22H46 
2107 c16a29oH(?) 

2150 ? 

2205 C18H350H('" ) 

2321 C19H38 
2422 C1gH350R(?) 

2618 C18H33C0OCH3 
2643 C30H52(?) 
2830 C2038 or C21H390H 
2862 C20A30(') 
3010 C23H47C00CH3 

3044 C25H38 (?) 
3222 C20H37C00CH3 

Zamenes 

Possible C19 :2 alcohol 

Methyl ester of C19 :2 fatty acid 

Highly branched (dihydro squalene?) 

C24 :6 hydrocarbon or possible C21 :2 alcohol 

C2p :6 hydrocarbon (?) 

Methyl ester of C2t, fatty acid 

C25 :7 hydrocargon (?) 

Methyl ester of C21 :2 fatty acid 

1Fatty acid methyl esters are generally artifacts of the saponification 
procedure and many of the amore commonly occurring esters are omitted from 
this list . 

.LO-/- / 

TABLE 10 

Retention 
Index Formula Identification by GC/?KS 

Unknown 

Branched ? - Unsaturated ? 

Methyl ester of C15 fatty acid 

Branched (isoprenoid ?) 

Possible Clb :2 alcohol 

Branched, unsaturated 

Possible Clg :l alcohol 



identify specific compounds which occurred with some frequency in various 

samples . The results of such studies are reported in appendix L, Figures 

1 .1 through 1 .64 . In some cases the data analysis was carried much 

further as given in the following example . 

Figure 2 shows a total ion reconstructed gas chromatogram of the ben-

zene eluted fraction of sediment sample r1MCL . This may be compared with the 

flame ionization record for this same analysis (Figure 3) . At each of 

the scan points shown in Figure 2, a mass spectrum was obtained . 

The GC/MS "software" was used to search the mass spectra for 

mass fragment ions of "significance" . Such a search is reported for this 
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Peak identifications were made from analysis of the mass spectrum 

of the component . Interpretive tec:iniques such as those given in 

McLafferty (1973) were used . Various "libraries" of mass spectral data 

were used to assist in interpretation of spectra . Computer searches were 

frequently made of three separate data bases : (1) Atlas of Mass Spectral 

Data-Purchased from DuPont Instruments, Inc . including 7054 mass spectra, 

most of which are from the Atlas published by John Wiley and Sons, Inc . ; 

(2) MSSS (Mass Spectral Search System), a data base maintained by the 

Environmental Protection Agency, National Institutes of Health and National 

Bureau of Standards which contains over 30,000 mass spectra and which is 

made available through the commercial time sharing computer company 

Cybernetics Division of ADP Network Services ; and (3) a library and 

search algorithm maintained by Dr . Conrad Cone, Chemistry Department, 

University of Texas at Austin containing over 6000 mass spectra and 

available through the UT-Taurus interactive computer system . In addition, 

frequent use was made of the four volume Registry by Stenhagen et aZ . 

(1974) . 

The GC/MS analysis techniques were used primarily to attempt to 



DPAI,1 (11C 
ID BL 19 DATE 1/28/77 

F+rIPF,TE 4 SCTIME 2 RESPWR 500 
NI11A5S 500 THRESH 2 

fd'ICI.. SED BENZ 3/I 1~28r77 

#SCHNS 1000 . HROCPY YES 
`i5CiaLE 100 REZERO YES 
EASE Z03?6*Z** 3 

0 50 100 150 200 250 300 350 400 450 5e4 

Figure 2 . Reconstructed total ion gas chromatogram for sample AMCL benzene eluate . 
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Figure 3 . Flame-ionization Record for GC/MS Run of Sample AMCL Benzene Eluate . 



is characteristic of phthalate esters which are universally employed as 

plasticizers and are frequently found as contaminants in laboratory pro-

cessed samples . These compounds are easily recognized, difficult to 

avoid, and, in our laboratory, we have learned to recognize and ignore 

them. 

The mass spectrum of the largest peak in the sample is given in 

Figure 11 . The prominence of the fragments at m/e = 41, 55, 69, 83 and 

97 strongly emphasize the unsaturated character of this compound . 

example in Figure 4 . The most significant ions given in Figure 2 are 

those frequently encountered in hydrocarbon samples (2 .g ., 41, 43, 55, 

57, 69, 83, etc .) which represent fragment ions of alkyl chains . 

By constructing a chromatogram for a given ion, certain compounds 

can be emphasized in the total chromatogram . Such a mass chromatogram 

of mass 245, for example, is given in Figure 5 . A prominent peak at scan 

number 111 can be seen to be insignificant in the total ion chromatogram . 

The mass spectrum of this compound is given in Figure 6 . The compound 

has a molecular weight of 220, readily loses a methyl group (m/e 220-ZS = 

205), could be aromatic (relatively strong molecular ion), and has an 

alkyl group of about four carbons (m/e 57) . A computer comparison of this 

mass spectrum with a library of 7054 mass spectra (Figure 7) shows a reason-

able "goodness of fit" for the hindered phenol-ionol . This compound is 

commonly used as a preservative in solvents, foods and packaging items and 

probably represents an artifact of laboratory contamination . 

A mass chromatogram at Mass 156 pinpoints a major peak at scan num-

ber 139 as shown fn Figure 8 . This peak is attributed to a dimethylnaph-

thalene used as a "spike" in this sample . The mass spectrum for this 

compound (Figure 9) confirms the identification . 

Figure 10 shows a mass chromatogram of mass 149 . This mass fragment 
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Figure 4 . Significant Peak Index for Sample AMCL Benzene Eluate . 

SYGNFPK 
GC I D BL 19 DATE 1128/?7 
PGRA'T'E ~ ~SCTIME 2 RESPWR SO8 
HIMASS 500 THRESH 2 

HM rL SED BENZ 3/1 1`ZSj?? 

IGNORE 0, 9, 0, 0 
MTL4UT 500 HRBCF'Y N4 

MASS MA:{ FIRST SUM 
Z N'FN OCCUR IONS 1%'~ 6 

41 10ee 5 17792 
43 1400 2 2S640 
45 1069 380 14920 
55 1090 158 17447 
57 1000 4 13748 
69 100 25 1407 
83 1000 89 7793 
91 100 142 8300 
1a5 1000 1 540 
152 1000 168 lees 
202 100 343 20S6 
156 1e00 238 2809 
149 1000 333 2201 
172 10e0 2S4 1754 
20s 1080 110 1946 
218 992 -+92 2117 
83 978 118 8813 



MASSES 805. 0. Fl, 0 
*SCANS 600 HRDCPY NO 
stSCALE 1013 REZ.ER0 YES 
BASE 6900*?..** 0 

i 

0 v0 1" 150 200 2'54 34D0 350 900 45e E~~0 

Figure 5 . Mass Chromatogram at m/e = 205 for Sample AMCL Benzene Eluate . 

DPAW MG 
GC I D 8!. 19 DATE 1/28/77 
AC3f?ATE 4 ScTYME Z RESPWR 500 
N I MASS 50O THRESH a 

AMCL SED BENZ 3iI 1/28i?7 



bPAW MS 
GC ID SL 19 DATE 1/28i?? 
HYDRATE 4 SCTIME Z RESf'WR 500 
NIMA5S 500 TFiRESM $ 

AMCL SED BENZ 3/Y i/z8i7? 

IGNORE 0, 0, 0, 0 
%SCALE 100 #AMU'S Z50 HRDCPY NO 
SUB7R 0 8A8EPK 0 SCAN 
SKGRND 113 
BASE 5184 *Z** 0 X TOTAL IONIZ . 2? 
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w 
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0 100 150 200 C50 

Figure 6 . Mass Spectrum of Scan X11 for Sample AMCL Benzene Eluate . 



LIBRARY SEARCH 

Gr ID RL 19 DATA 1r2~./'77 
AGRATE 4 SCT1ME 2 RESPWR 500 
H I tiASS S00 THRESH 2 

AMCL SAD BEND 3/I 1/28/?? 

IGNORE 0, 0, 0, 0 HF2DCpY YES 
INDEX SCAN BRGKGR SUB'FR BASE 

0 0 0 111 113 

LAST INDEX PROCESSED 0 

SCAM ~k 111 SASS X05 
GOODNESS ID . NO . PACE 

666 DOW-1598 15E4 2, 6--DITERTIARY BUTYL-P--GRESOL C IOMOL a 
6e0 DOT--006S 1563 t 2, 6-DI--TERT-$U'TYL-q-1'7ETNYt, PHENOL) 
31? DOW-151? 1658 
315 DOW-i467 15SS 
a47 API-1888 155 

Figure 7 . Library Search of Scan #lllfor Sample AMCL Benzene Eluate . 
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DRAW MC 
GC ID BL. 19 DATE 1/28/?? 
AORATE 9 SCTII'7E 2 RESPWR 500 
Hif'IASS 500 THRESH Z 

AMCL SED BE"N2 3iI ii28i?? 

MASSES 156, 0, 0, a 0 
itSCANS 500 HRDCPY NO 
s:SCALE 100 REZERO YES 
BASE 15697*2** 0 

H 

1 
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0 w 1e0 150 203 E;i0 300 354 400 -460 sr 

Figure 8 . Mass Chromatogram at m/e = 156 for Sample AMCL Benzene Eluate . 



DRAW MS 
GC ID BL 19 DATE 1/28/?7 . 
A4RATE 4 SCTIME 2 RESMR 500 
NIMASS 600 THRESH z 

FMCT. SED BENZ 3iI 1817?' 

IGNORE 0, 0, 01 0 
xSCALE 100 *AMU' S 204 HRDCPY NO 
SUB'1'R 0 BASEPK 0 SCptV # 139 
BKGRND 136 
BASE 14642 *2** 0 K TOTAL IONIZ, 17 

w 
v 

0 so lee ise a:~v 

Figure 9 . Mass Spectrum of Scan #139 for Sample AMCL Benzene Eluate . 



DPAW MC 
GC ID BL 19 DATE 1i28i?7 
HGRATE q SGTIME 2 RESPWR 500 
HIMF.SS 500 THRESH 2 

f,MCI. SED BENZ 3iI 1i28i?? 

MASSES 149, 8. 0, 0 
*SCANS 500 HRDCPY NO 
s;5CAL.E 160 REZERO YES 
BASE 5740*2*:K 0 

I- " 
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00 

e Fla 100 iso P-ea L;;0 300 3se ago 45a 1503 

Figure 10 . Mass Chromatogram at m/e = 149 for Sample I1MCL Benzene Eluate . 
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t UiORE 0, 0, 0, 0 
XSCF+LE 100 #AP'IU' S 344 HRDCPY NO 
SUBTR 0 BASEPK 0 SCAN ik 159 
$Y.GRND 162 
BASE 6041 :kZ** 0 K TOTAL IONYZ . S 
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Figure 11 . Mass Spectrum of Scan X159 for Sample AMCL Benzene Eluate . 
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emphasized by the mass chromatogram at m/e = 85 (Figure 19) . Most of 

these compounds have nearly identical, very simple mass spectra such as 

that given in Figure 20 . The molecular weight 234 is found for the first 

six of these peaks, suggesting a suite of isomeric compounds . Computer 

search of the mass spectral library was of no help, but application of 

the Mass Spectral Search System of the National Institutes of Health 

(using the Cybernet time-sharing computer system) reavealed di-n-hexyl-

disulfide as a good possibility . Comparison of the mass spectrum with 

the :~iSSS spectrum of this compound suggests that these compounds are indeed 

16-4U 

molecular weight of 344 shows the compound has 25 carbon atoms and four 

sites of unsaturation . Polyolefins of this nature are common in marine 

organisms and can be readily expected in marine sediments . The non-

uniform distribution of mass fragments suggests that branching occurs . 

a mass chromatogram at m/e = 192 (Figure 12) reveals a pair of 

peaks at scan 273 and 281 . A similar distribution of peaks is encountered 

in petroleums and is associated with methylphenanthrene isomers . The 

mass spectra at these scan numbers (Figures 23 and 14) show the very simple 

spectra of the polynuclear aromatics with a molecular weight 192 consistent 

with the empirical formula, C15H12 " A similar mass chromatogram from 

the next higher homolog, C16Hlq, is given in Figure 15 . The mass spectrum 

of Figure 16 is consistent with the interpretation as dimethylnaphthalene . 

Continuing the search for compounds of polynuclear aromatic charac- 

ter, a mass chromatogram at m/e = 198 (Figure 17) suggests a possibility 

of peaks in the region of scans 250 to 280 . The mass spectrum of scan 

number 260 (Figure 18) is very weak but suggests a compound of molecular 

weight 198 with aromatic character (strong molecular ion peak) . This may 

represent a methyldibenzothiophene isomer . Comparison of Figures 2 and 

17 shows the component is not discernable in the total chromatogram . 

A suite of compounds in the early part of the chromatogram are 



DPAW MC 
GC ID BL 19 DATE li2B.~?? 
f,ORATE 4 5CTI1"E 2 RESPWR 5O0 
HIMASS 500 THRESH 2 

AMCL SED BENZ 3iI iiZ8i?7 

MASSES 1.98. 0. 0, 0 
I5CAN5 500 HRUCPY NO 
stSCALE 100 REZERO YES 
BASE 1982*2** 0 
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0 50 100 154 200 250 304 350 404 45Q SG~3 

Figure 12 . Mass Chromatogram at m/e = 192 for Sample AMCL Benzene Eluate . 



IGNORE 0, 0, 0, 0 
lcSCALE 100 tAMU'S 204 HRDCPY N4 
SUBTR Z76 BASEPK 81 SCAN ~ 2?3 
$1'GRMD 0 
BASE 319 *2** 0 X TOTAL IONIZ . 24 

1 
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Q SD 100 150 

Figure 13 . Mass Spectrum of Scan X273 for Sample AMCL Benzene Eluate . 
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I rj~10RE 0, 0, 0, 0 
KSCAC.E 100 *AMU' S 204 NRDCPY NO 
SUBTR 283 BASEPK £i5 SCAN ak 2f31 
BKGRriD 0 
BASE 2?t *2** 0 K TOTAL IaNI2 . 33 
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Figure 14 . Mass Spectrum of Scan #281 for Sample AMCL Benzene Eluate . 
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DPAW MC 
GC ID BL 19 pra'rE iZ28/77 
AERATE 4 SCTIME a RESPWR 500 
HIMASS 500 THRESH 2 

AMCL 5ED BENZ 3iI ii28i?? 

MASSES 206, 0. 0, 0 
SSCANS 500 HRDCPY N4 
s:SGALE 100 RE2ER0 YES 
BASE 1627*2** 0 

f-' 
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m ~a ioa ISO 200 P-5o 500 350 -103 -quo U~~o 

Figure 15 . Mass Chromatogram at m/e 206 for Sample AMCL Benzene Eluate . 



IGNORE 0, 0, 0, 0 
xSCAI.E 100 sAr1U " 5 255 HRDCPY NO 
SUM 304 BASEPK 85 SCAN ~ 300 
BYGRI`ID 0 
BASE 494 *2** 0 K TOTAL IONIZ . 26 
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Figure 16, Mass Spectrum of Scan #300 for Sample AMCL Benzene Eluate . 
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bPAW !'7C 
GX I D BL, 19 DATE 1 i28/7? 
AORATE 4 5CTI1'iE Z RESPWR 500 
HII9A55 5O0 THRESH 2 

AMCL SED BENZ 3/1 I./as/77 

MASSES 198, 0, 0, 0 
iSCANS 500 HRDCPY NO 
kSCALE 100 REZERO YES 
SASE 534*2** 0 

150 cJ~O 250 solo 350 400 460 5-301 O 50 100 

Figure 17 . Mass Chromatogram at m/e - 198 for Sample AMCL Benzene Eluate . 



YGPiORE 0, 0, 0, 0 
:cSCALE 100 SAWS P-65 HRDCPY NO 
SUBTR 263 BASEPK 69 SCAN 4 260 
~l:GRMD 0 
BASE ss *a** a x TOTAL zoMiz . is 
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Figure 18 . Mass Spectrum of Scan #260 for Sample AMCL Benzene Eluate . 
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DRAW MC 
GC ID BL 19 DATE 1/2$7? 
AORATE q 5CTIME Z RESPWR 500 
HtMASS 500 THRESH Z 

AMCL SED BENZ 3iI liz8/?'7 

MASSES 85. 0, 0, 0 
*SCANS 500 HRDCPY NO 
ASCALE 100 RE2ER0 YES 
BASE 6988:k2** 0 
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Figure 19 . Mass Chromatogram at We = 85 for Sample AMCL Benzene Eluate . 



i04azE 0, e, e, e 
XSCALE 100 #AMU'S 250 HRDCPY NO 
SUM 0 .BASEPK 0 SCAN t 85 
BKGRND $8 
BASE 6635 *2** 0 k TOTAL IONI2. 25 
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Figure 20 . Mass Spectrum of Scan #85 for Sample AMCL Benzene Eluate . 
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tadecane is reported to be the primary hydrocarbon among photosynthetic micro--

organisms (Han and Calvin, 1969) . However, this has not been found generally 

true as some coCcoid blue-green algae have a nineteen carbon atom mono-olefin 

as the prinarq hydrocarbon (Winters et al ., 1969) . Also, Blumer at al . 

(1971) found a polyunsaturated (C21 :6) hydrocarbon as the dominant hydrocarbon 

in cultured marine phytoplankton . 

The physiological function of hydrocarbons remain unknown . Zooplankton 
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disulfide isomers . 

Similar GC/MS runs have been made on other samples in this study . The 

reconstructed total ion chromatograms and significant peak indices for these 

runs are given in Appendix L, Figures 1.1 through 1 .64 . 

RESULTS A.'D DISCUSSION 

Zooplankton 

`Hydrocarbon contents of marine zooplankton are relatively unstudied, 

especially in the STOCS area . Calder has reported on extensive studies 

of IM-Hydrocarbons in the eastern Gulf of 'Mexico, '11,IAFI. .A area (Calder, 1976) . 

The papers of Blumer et al . (1963) and Blumer and Thomas (1965a and b) 

relate some of the first work of significance in this field . Other perti-

nent works are Gelpi et al . (1968), Winters .et al . (1969), Han and Calvin 

(1969), Blumer et al . (1970 ; 1964), Blumer et al . (1971) and Youngblood 

et al . (1971) . 

These works indicate that marine organisms do not generally contain 

large quantities of hydrocarbons relative to amino acids, fatty acids, etc . 

The small quantities of hydrocarbons which occur naturally do not usually 

constitute a very complex mixture, although individual molecules can be com-

plex . Two hydrocarbons, pristane and n-neptadecane, are generally dominant 

in marine zooplankton, but branched chain and polyunsaturated hydrocarbons 

also occur . 

The biological origin of these hydrocarbons is not certain . Normal hep- 



Appendix L, Table 1 .1 through 1 .84 . Illustrations of the n-alkanes distri-

butions and OEP curves are given in Appendix L, Table 2, and Appendix L, 

Figures 2 .1 through 2 .69 . Figures for some samples are omitted due to 

inadequate data for significant plots . 

Inspection of these data show that those STOCS area samples supposed 

to be close replicates (i .e . collected on the same date and location and 

closely spaced in time) were not analytical replicates . This is illustrated 

by Figure 21 where samples from Station 1/Ifall season, showed a heavy 
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probably accumulate hydrocarbons in lipid tissues by assimilation through 

their diet . There seems to be some evidence of phytadienes being a product 

of zooplankton metabolism of phytol (Blumer and Thomas, 1965a) . 

In general, the quantities of hydrocarbons in zooplankton are low with 

estimates ranging from 10- 5 to 1 percent of animal lipid fraction . Thus, 

qualitatively and quantitatively, natural hydrocarbons in zooplankton differ 

from the hydrocarbon of petroleum origin . In petroleum, the hydrocarbon 

fraction of the total soluble organic matter may be from 25 to 100 percent 

and is usually an extremely complex mixture of compounds in which olefins 

are seldom found . Most petroleums contain a full suite of saturated z-alkanes 

from hexane and lighter to pentatriacontane (C3g) and heavier in which the 

distribution of alkanes does not exhibit any predominance of carbon chain 

lengths having odd numbers of carbon atoms . Some of these comparative 

characteristics of petroleum and biogenic organic matter useful for the 

STOCS studies are discussed in Farrington et aZ . (1976) . 

The objective of this study was to measure the distributions of hydro- 

carbons in the STOCS zooplankton samples to determine baseline levels and to 

evaluate such measurements for use as a monitoring tool [o detect petroleum 

influx into the STOCS area which might result from petroleum exploration and 

production . 

The data from GLC analysis of 84 zooplankton samples are presented in 
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contamination with petroleum-like hydrocarbons (sample AQVJ) while 

sample AQCO showed no such contamination . 

The 1976 zooplankton samples generally showed more contamination with 

petroleum-like hydrocarbons than was observed in the 2975 study . Twenty-

six samples (31%) showed contamination . This was die to the presumed 

presence of microscopic "tar balls" in the samples . The origin of this 

material is unknown . Pristane and n-haptadecane were still the most 

dominant hydrocarbons, even in many samples that showed petroleum-like 

contamination . Generally, the unsaturated hydrocarbons fraction (benzene 

eluate) was about equivalent to the saturated fraction in concentration . 

In some instances, however, the concentrations of the non-saturates were 

inordinately large . This may have been due to~Lhe presence of lipids 

which escaped saponi£iCation or, in some instances, might reflect large 

quantities of fatty alcohols in the sample . 

In summary, the 2ooplankton showed substantial petroleum contamination . 

Representative chromatograms of normal and polluted zooplankton samples are 

shown in Figures 22 and 23, respectively . Zooplankton contamination may 

serve as an excellent pollution indicator . The high levels of CZ7 and 

pristane were also reflected in the macroepifauna and macronekton in Chap-

ter 17 by Drs . Giam and Chan . 

Water-Dissolved and Particulate High-Molecular-Weight Hydrocarbons 

As discussed in the Introduction, the level of total dissolved and 

particulate organic matter in Gulf of Mexico seawater is in the 0 .1 - 10 Ug/1 

range . These low concentrations precluded routine measurements of the temp-

oral and spatial variations of the concentrations of any specific chemical 

molecules . The present national BLS-QCS program is the first attempt to 

establish concentration ranges for hydrocarbon with respect to season and 

location . Recognizing the technical problems and the lack of published 
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reported . Calder (personal communications, 1975) reported highest concen-

trations in February and lowest concentrations in fall . Parker et aZ . (1976) 

report highest values in April and lowest values in January, Both studies 

reported intermediate values in summer and each indicated a trend of higher con- 
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background data, we approached these studies with the hope of not estab-

lishing an inflow-outflow transport model, but of simply affirming or deny-

ing certain statements that can be made about hydrocarbons in seawater . 

These include the following : 

-what are the average levels of n-parafLins and non-paratfins in DOC 
and POC? 

-are seasonal trends indicated? 

-are location trends indicated? 

-can the observed hydrocarbon patterns be accounted for as biological 
in origin or is petroleum contamination indicated? 

-what additional studies are needed to bring our understanding of the 
hydrocarbon cycle in the sea to a useful and predictive status? 

In trying to answer these questions, we relied on the published literature, 

other BLS studies, our own data, and on assumptions of organic geochemistry . 

In a recent review of published data on the concentration of hydrocar- 

bons in the marine environment, McAullife (1976) tabulated most pertinent 

data prior to 1976 . Papers by Brown and Searl (1916) and Koons (1977) dis-

cussed hydrocarbon concentrations in the Pacific Ocean . BL.K-sponsored 

studies have recently reported hydrocarbon . . concentrations in the 'UFLA 

(Calder, personal communications, 1975) and STOCS (Parker) 

et aL ., 1976) areas of the Gulf of Mexico . The data indicate : 

1 . The highest concentration of hydrocarbon is located in the sur-
face microlayer where concentrations range from about 10 u3/1 in 
the open ocean to greater than 100 4g/1 in coastal waters . 

2 . Concentrations of hydrocarbons decrease rapidly within the first 
10 m of depth with an average concentration at 1 m of about Z ug/1 . 

In addition to concentration changes with depth, seasonal changes were 



Fall and winter values were 0.31 ug/1 and the spring was 0 .12 4g/l . The low 

spring values are difficult to interpret . Data on particulate hydrocarbons 

taken during the monthly samples are given fn Appendix L, Table 4 . Highest 

values along the transact were in March and July and the lowest during the 

spring and December sampling periods . Two anomalously high values were 

encountered . The first value, 1 .69 ug/1 (sample AUXU, 3/II Nov.) was explained 

by [he presence of two small fish in the sample . The sample was processed 

centraticns inshore than offshore . Calder also consistently found higher 

values closer to the Mississippi River . No north-south trend was apparent 

in the STOCS study area . 

Contract AA550-CT5-17 called for the analysis of r'4 dissolved and 74 

particulate samples . Results of 73 dissolved samples are reported is 

Appendix L, Tables 3 .1 through 3 .72 . Sample APHY exploded during preparation 

and was lost . . 

Results of 10 particulate samples are reported in Appendix L, Tables 

4 .1 through 4 .72 . The lour particulate samples not analyzed (three collec-

ted in the spring and one in July) were replicate samples which were sent 

to the quality control laboratory . 

Particulate Hydrocarbon Hexane Eluate 

Total particulate hydrocarbon data for the three seasonal sampling periods 

are presented in Figure 24 . The data appeared to show a trend of higher 

concentrations at Station 1 of each transect with little difference in con-

centration between Stations 2 and 3 . An exception to this trend was found 

in the winter values for Transacts I, II and IV . A possible explanation lies 

in the zooplankton biomass data reported for these stations by Dr . Park . 

Dr . Park reports (Chapter b) that the zooplankton biomass was much higher at 

Station 2 than Station 1 on Transects .I and II during this season . 

Average concentrations of all 12 stations were calculated by season . 
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toward higher values at the inshore stations seen with particulate sarsples 

by the usual method . The other large value, sample AVTR, 2/II, December, 

1 .52 ug/1 had no apparent explanation . 

Percentage composition data show that the most abundant hydrocarbon 

in the hexane eluate was either a compound with a retention index of 2200 

or an odd carbon number alkane between C25 and C33 . These results were 

similar to those found in the STOCS area in 1975 . The 2200 compound, uniden-

tified at present, was the most abundant hydrocarbon in the particulate 

fraction . 

Mass spectral data (GC/XS) on the 2200 compound is inconclusive at 

this time but the major component of this peak is not n-C22 . Ratios of 

individual hydrocarbons in the particulate fraction and average OEP values 

are given in Appendix L, Table 5 . Odd-even preference indices (OEP) values 

are plotted in appendix L, Figures 3 .1 through 3 .60 . A representative 

chromatogram of the hexane eluate is presented in Figure 25 . 

Particulate Hydrocarbon Benzene Eluate 

The quantity of material is the particulate fraction which eluted with 

benzene ranged from less than 0 .01 to 420 ug/1 during the study period . 

About 70 percent of the samples contained between 0 .01 and 0 .3 ug/1 . In 

one-half of the sampling periods there appeared to be a trend toward higher . 

concentrations at Station 1 . The yearly averages, however, did not reflect 

this trend due to several high values at Station 3 . . 

Work is underway to obtain mass spectral data on larger components 

of the benzene fraction which were recurrent in several samples . This data 

will be included in the supplemental report . 

Dissolved Hydrocarbon Hexane Eluate 

Total hydrocarbon data from the hexane eluate of dissolved samples 

taken during the three seasonal cruises are given in Figure 26 . The trend 
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Dissolved hydrocarbon Benzene Eluate 

As with particulate samples, dissolved hydrocarbon which eluted with 

the silica gel-alumina column covered a broad range of concentrations . 

About 46 percent of the samples had concentrations which were less than 

0 .3 ug/1 . Another 26 percent of the samples had concentrations between 

1 jjg/1 and 10 ug/1 ; 12 percent had concentrations 10-50 4g/l . Only 2 

samples, less than 3 percent, had concentrations greater than SO ug/1 . 

In summary, hydrocarbon concentrations in the water column during 

1976 were similar to those reported for the STOCS area in 1975 and to 

those reported in other Gulf of Mexico studies (Parker et aZ ., 1972 ; 

Calder, personal communcation, 1977) . 

The particulate hydrocarbon concentrations indicated a trend toward 

higher concentrations at Station 1, as was the case with 1975 samples . 
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was not as obvious but held true for about one-half of the transects . 

Highest hydrocarbon concentrations were found in winter with a 0 .24 

ug/1 average for all stations ; the lowest values were is the fall, 0 .11 

ug/1 . Calder previously reported in the LULA study area that highest 

concentration of hydrocarbons were in winter . STOCS winter samples from 

1975 (Berryhill, 1977) had a winter average of all stations of only 0 .13 

ug/I, even though the water was not filtered . 

The composition of the hexane eluate from dissolved samples was simi-

lar to that from particulate samples . Again, the compound with a reten-

tion index of 2200 or an odd carbon number n-alkane between C-15 and C33 

was usually the most abundant hydrocarbon . 

Ratios of individual hydrocarbons in the dissolved fraction and 

average OEP values are given in Appendix L, Table 6 . Odd-even preference 

indices (OEP) values are plotted in appendix L, Figures 4 .1 through 4 .60 . 

A representative chromatogram of the hexane eluate is presented in Figure 27 . 
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techniques, a conceptual model useful for environmental quality consider-

ations can be stated . The essential elements of the model are : (1) Organic 

matter including hydrocarbon is being continuously supplied to recent 

sediment from the biota in the water column . The sedimentary hydrocarbon 

pattern might be expected to mirror the biota hydrocarbon . If so, n-C-17 

and pristane would greatly dominate, but the observed pattern is much amore 
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Both dissolved and particulate hydrocarbon concentrations indicated sea-

sonal variations with highest values in winter samples . 

The percentage composition of the hexane eluates of dissolved and 

particulate samples were similar to each other and to the composition 

reported in 1975 . A compound with a retention index of 2200 or an odd 

carbon number n-alkane between C25 and C33 was usually the single most 

abundant hydrocarbon present . 

Sediment 

In the Introduction it was established that hydrocarbons constitute a 

small but ubiquitous fraction of the organic utter or sediments . Hydro-

carbon geochemistry has received a good deal of attention but of a somewhat 

uneven nature . Two approaches have been taken : one with the purpose of 

characterizing petroleum with the hope of learning the factors which con-

trol its distribution ; and, a second approach based on the model of biolo-

gical (bio-lipids) molecules going into and surviving in sediments for geolo-

gical time periods . Biological molecules (-eo-lipids) are of interest to 

those concerned with the record o= li=e (paleo-bio-geochemistry) . A num-

ber of excellent studies have been made in these two areas and specific 

situations are well-understood, however, no general picture exists for 

hydrocarbon geochemistry, and especially not on the broad geographical 

scale needed by BL.K (Egliuton, 1969) . 

By combining these two approaches, as well as borrowing their 



The concentration of total saturated hydrocarbon ; 

The even-odd ratio of n-paraffins ; 

The concentration of non-saturated hydrocarbon ; 

The presence of specific aromatic hydrocarbon ; 
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complex (Blumer, Guillard and Chase, 1971) ; (2) Therefore, other hydrocar-

bons are being generated . It is established that bacteria and infauna syn-

thesize new hydrocarbons, thus adding to the complexity of the hydrocarbon 

pattern . Bacteria can add methyl branched and high molecular weight hydro-

carbon (Davis, 1968 ; Tornabene and Markey, 1971) ; (3) Other sources of 

hydrocarbon for nearshore sediments are higher plants, seagrasses and ben-

thic algae . These plants add C_2Q to C_36 alkanes to sediment (Youngblood 

et aZ ., 1967) ; (4) In the case of BLM studies, petroleum must be recog-

nized as another potential source of sedimentary hydrocarbon . While -a 

large data base on the composition of petroleum is lacking, the general 

picture is known (Whitehead, 1963) . Petroleum usually contains a full 

suite of n-paraffins, iso- and anteiso-paraffins, cycloalkanes, isopre-

voids, and aromatic hydrocarbon, plus heteroatom compounds . The problem 

of recognizing petroleum in recent sediment is to determine whether these 

substances are present and to decide whether the biotic sources could 

supply them (Meinschein, 1961) . (5) In this study, a decision was made 

to establish the general hydrocarbon composition of a large number of 

samples rather than to study a small suite of samples in great detail . 

This was necessary to provide a baseline at the actual sites where petro-

leum production is expected . 

With this background information, several parameters were selected 

which might allow a decision as to the probability that a sample or 

group of sediment samples are petroleum contaminated . These parameters 

were : 



-the paraffins showed little if any petroleum contribution ; 
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." The presence of the isoprenoids, pristane and phytane and their 

ratios to n-hydrocarbons . 

These parameters for the sedimentary hydrocarbons are discussed, evaluated 

and compared to similar studies in sub-sections below . 

The complete hydrocarbon analyses for sediments are given in Appendix 

L, Table 7 .1 through 7 .190 . Since it is difficult to make use of such 

large data sets, an attempt was made to further reduce the analytical 

data . The odd-even preference index (OEP) method has been generally use-

ful (Scalar and Smith, 1969) . OEP values are given in appendix L, Table 8 

and Figures 5 .1 through 5 .187 for those samples for which the data were 

suitable for such treatment . 

The level of n-paraffins based on quantitative GLC ranged between 

0 .001 and 6 ppm, but most samples were between 0 .1 and 2 .0 ppm . This was 

similar to the values (3-12 ppm) reported by Gearing et aZ . (1976) for 

northeast Gulf shelf sediments, but not as high (1Q0-200 ppm) as reported 

for California basin sediments (Hoering, 1968 ; Emery, 1960 ; Reed et aZ ., 

1977) . 

The paraffin patterns in all samples were complex but most showed 

strong odd carbon numbers dominant in the C_25 and C_33 region . A typical 

GLC pattern is shown in Figure 28 . This may be taken as evidence that 

petroleum derived material was very low. In addition, a few samples showed 

a bimodal carbon number distribution (Figure 29) . This pattern has been 

reported for many sediment studies (Clark and Blumer, 1967 ; Meinschein, 

1961 ; Gearing et aZ ., 1976) . 

The hydrocarbon patterns in sediment enabled the cautious formulation 

of the following interpretations : 
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First, blanks on solvents, critical operations and the total analytical 

scheme were run . At no time was a severe blank problem encountered, 

although the presence of cyclohexane in hexane was confirmed and the ran-

dom presence of benzene was suspected . The second approach used to mini-

mite error was to use the same laboratory, including glassware, chemicals, 

solvents and GLC for all analyses . Thus, seawater hydrocarbons at the 

sub-part-per-billion level served as control experiments for sediment and 

zooplankton hydrocarbons which were at the part-per-million level . The 

group of blank and control experimental gas chromatograms shown in Figures 

30 and 31 include ones for solvent methanol, a freeze drier blank using 

silica gel, a test of a Ceflon wash bottle, a hexane blank, a hexane extract 

of fired sand and a hexane extract of freeze-dried, fired sand . 
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-the observed hydrocarbon patterns required multiple sources 
(plankton, bacteria, infauna, and perhaps higher plant detritus) ; 

-isoprenoid hydrocarbon levels, pristane and phytane were low, 
confirming a low petroleum input but leaving unexplained the fate 
of the high levels of zooplankton pristane which must reach the 
sediment . 

-the sediment was indicated as a final sink for marine hydrocarbon, 
but an active one which contributes new hydrocarbon to the deposit . 

Intercalibration, Blanks and Controls 

Throughout the course of this study of hydrocarbons from sediment, 

zooplankton and seawater, experimental care to prevent contamination was 

an overriding concern . As mentioned earlier, a previously unused suite 

of laboratories in a new building was dedicated to the study . The tech-

nical personnel were experienced in low-level organic work and care was 

taken to insure clean glassware and use of pure chemicals, and distilled 

solvents . 

Quality control with respect to blanks was assumed by two approaches . 
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the recovery of added (spike) hydrocarbons . Fifty-one we[ sediment samples 

were spiked with approximately 30 ug of n-C24, the normal paraffin with 24 

carbon atoms . Recoveries ranged from 2 to 173 percent, based on GLC analy-

ses of the sediment using the methods described (Table Z1) . The average 

recovery was 34 percent . Fifty percent of the samples had yields between 

30 and 90 percent . These data at face value indicate that recoveries were 

incomplete with, on the average, about one-third of n-C24 being recovered . 

That was probably the case for the spiked n-CZ{, however, the recovery 

of the spike should not be viewed as the extraction efficiency of hydro-

carbons native to the sample . Spike recoveries are generally low 1n this 

type experiment, as judged by previous experience on fatty acids . The 

reason relates to the fact that the spike cannot be added so as to be 

naturally present in the sediment matrix . The data for hydrocarbons in 

sediments in this report are estimated to represent SO percent of the sedi-

ment hydrocarbons . If more severe extraction techniques such as IiF decomp-

osition were used, this probably could be raised but would also degrade 

the hydrocarbons so that some structural information would be lost . It has 

also been demonstrated that new hydrocarbons can be generated from kerogen, 

fatty acids and fatty alcohols under relatively mild conditions (Hoering, 
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To provide background data for an assessment of the level of contami-

nation which might have occurred on shipboard during collection and proces-

sing, ships' fuel oil, Tube oil and oily bilge water were characterized . 

The gas chromatographic patterns of hydrocarbon constituents of these are 

given in Figures 32, 33 and 34 . Since these are petroleum products they 

are rich in hydrocarbons . However, no such GLC patterns routinely appeared 

in the sample analyses so that systematic contamination by the ship was 

judged to be absent . 

A series of control experiments were conducted on sediments to test 



Z6-73 

I 
I I 
i 

i 

i 

I 

r 
1 

z ; 
w 
f- 
2 

Y 
Q 
W a 

I r 

GLC (FFAP) of 
FUEL OIL (LONGHORN) 

RETENTION TIME 

Figure 32 . GLC (FFAP) of Fuel Oil from the R/7 LONGHORN . 
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Figure 33 . CLC (FFAP) of Ship's Lube Oil from the R/V LONGHORN . 
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was supplied to several BIM contractor labs for inter-laboratory compari-

son . The sample was treated essentially as a BLM sediment except that it 

was not freeze-dried, methanol drying being substituted . The recovery 

of n-paraffins, based on our knowledge of the South Louisiana crude was 

1972) . A suitable compromise for BLM objectives seems to have been 

reached . 

Several formal and informal inter-laboratory comparisons were made 

during the course of this project . Useful information was gleaned from 

each one, however, they all suffered from the unfortunate fact that no 

certified standard material for petroleum hydrocarbons were available . 

Such materials are available for trace metals and for low levels of radio-

nuclides . Thus, the inter-laboratory experiments were comparisons which 

served to improve our techniques, not to test them . 

Three inter-laboratory comparison studies were undertaken : 

-hydrocarbon in Alaskan sediment-National Bureau of Standards ; 

-hydrocarbon in spiked California sediment-BLM via Dr . I . Raplan, UCLA ; 

-hydrocarbon in Texas Oysters-Exchanged with Dr . C . S . Giam, TAMU 
and Dr . J . Farrington, WIiOI . 

In addition to the above, a special comparative study of the extraction 

efficiency of chloroform and toluene for the water soluble components 

of No . Z fuel oil was made . This report (Appendix L, Report 1) suggested 

that both solvents are satisfactory . 

The Alaskan sediment supplied to several BL!X contractors was a natural 

sediment which was thought to have been contaminated by natural oil seeps . 

The hydrocarbon levels were low, so the main value of the exercise was to 

test the techniques for low level sediment contamination . The results 

and methods are reported in Appendix L, Report 2 . 

A sample of Santa Barbara sediment spiked with South Louisiana crude 



hydrocarbon analyses through blanks, controls, inter-laboratory comparisons 

and especially experience . One of us (PLP) has served on the BL.'i Hydro-

carbon Methodology Review Group which has served as a useful forum to help 

resolve some of the technique problems which have arisen and to accelerate 

communication among chemists dealing with BLM samples . 

10-/8 

low, bit satisfactory . The main loss was due to the fact that South 

Louisiana crude is rich in light hydrocarbons and C_10 and 
C-15' 

and our 

methods exclude most of these . A large suite of aromatic hydrocarbons 

were recovered, including CZ and C3 ring compounds . One interesting side 

light was that a high level of P, PDDE [i .e ., 1, 1-dichloro-2, 2-bis(p-

chlorophenyl) ethylene], a chlorinated hydrocarbon was identified . The 

complete report on this study is given in Appendix L, Report 3 . 

The Harbor Island oyster sample was analyzed by GC/MS and shown to 

contain several classes of petroleum-derived aromatic compounds (appendix 

L, Report 4) . Classes of aromatics identified included alkyl naphthalenes, 

phenanthrenes and dibenzothiophenes . . 

In summary, a substantial effort was made to produce high quality 
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GC/MS ANALYSIS OF PARTICULATE AND DISSOLVED WATER EXTRACTS 

ADDENDUM 



Transect II) contained fatty acid methyl esters . Presumably, they were 

present in the plankton which are most abundant at the inshore stations . 

Long chained wax esters were found in one benzene fraction . These were 

tentatively identified as esters of C14 :1 and Cis :l fatty alcohols and 

Clv :l and C16 :1 fatty acids . 

In one benzene fraction a series of compounds was found that showed 

strong evidence of silicon containing compounds, possibly made up of 

(CH3)3Si and (CH3)2Si 0 units . These compounds are presumed to be 

contaminants introduced into the sample . 

Four of the benzene fractions analyzed by GC/MS showed chlorinated 

hydrocarbons as the major constituents . These are believed to be formed 

There were 22 fractions from the water analyses which were analyzed 

using the GC/MS . Their reconstructed total ion chromatograms and signi-

ficant peak indices are given in Figures 1 through 22 . Generally, the 

hexane fractions contained the normal aliphatics which could be identified 

with considerable confidence using retention times from the gas chromato-

graph . The GC/MS verified the aliphatic patterns found in the hexane 

fractions . Occasionally the series of aliphatics were also seen in the 

benzene fraction . 

Phthalates could be seen in both the hexane and benzene fractions . 

It must be assumed that most phthalate is introduced into the sample 

from sources inherent in sampling and analysis . Of the 22 fractions 

analyzed with the GC/MS, phthalates were found in nine of the benzene 

fractions and five of the hexane fractions . 

Squalene is commonly seen in zooplankton samples and also in some 

water samples . Of the fractions run on the GC/MS, squalene was observ-

able in only trace amounts . 

Three of the particulate benzene fractions (each from Station 1, 



Figure 1 . Total Ion Chromatogram and Significant Peak Indices for 
Water Sample AGGK, Collected During the Winter Seasonal 
Sampling from Station 2/IV . 
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Figure 2 . Total Ion Chromatogram and Significant Peak Indices for 
Water Sample AGIB, Collected During the Winter Seasonal 
Sampling from Station 3/IV . 
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Figure 3, Total Ion Chromatogram and Significant Peak Indices for 
Water Sample, AGUW, Collected During the Winter Seasonal 
Sampling from Station 3/II . 
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Figure 4 . Total Ion Chromatogram and Significant Peak Indices for 
Water Sample, AGYQ, Collected During the Winter Seasonal 
Sampling from Station 2/III . 
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Figure 5 . Total Ion Chromatogram and Significant Peak Indices for 
Water Sample, AKDF, Collected During the April Monthly 
Sampling from Station T/II . 
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Figure 6 . Total Ion Chromatogram and Significant Peak Indices for 
Water Sample, AKDF, Collected During the April Monthly 
Sampiing from Station 1/II . 
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Figure 7 . Total Ion Chromatogram and Significant Peak Indices for 
Water Sample, AKDG, Collected During the April Monthly 
Sampling from :Station,'IzII . 
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Figure 8. Total Ion Chromatogram and Significant Peak Indices for 
.. Water Sample, AKDG, Collected During the April Monthly 

Sampling from Station 1/II . 
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Figure 9 . Total Ion Chromatogram and Significant Peak Indices for 
Water Sample, ALCV, Collected During the Spring Seasonal 
Sampling from Station 1/II . . . 
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Figure 10 . Total Ion Chromatogram and Significant Peak Indices for 
Water Sample, ALEM, Collected During the Spring Seasonal 
Samp ling from Station 2/11 . 
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Figure 11. Total Ion Chromatogram and Significant Peak Indices for 
Water Sample, AI,LM, Collected During the Spring Seasonal 
Sampling from Station 3/III . 
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Figure 12 . Total Ion Chromatogram and Significant Peak Indices for 
Water Sample, ALNK, Collected During the Spring Seasonal 
Sampling from Station 1/IV. 
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gure 13 . Total Ion Chromatogram and Significant Peak Indices for 
Water Sample, ANZZ, Collected During the Spring Seasonal 
Sampling from Station 3/1 . 
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Figure 14 . Total Ion Chromatogram and Significant Peak Indices 
for Water Sample, AOAD, Collected During the Spring 
Seasonal Sampling from Station 3/III . 
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Figure 15, Total Ion Chromatogram and Significant Peak Indices for 
Water Sample, AOEK, Collected During the July Monthly 
Sampling from Station 3/II . 



AOEK-WAT-B2 

*SCANS 250 HRDCPY YES 
SCALE 100 REZERO NO 

BASE 16756*2** 4 

a 

W 
QO 
G 
(D 

F" 

n 0 
rt 

, . l 

0 fi0 100 150 200 Z50 

250 380 360 4" 450 500 



16-114 

ID ED 4 DATE .3r' 6/?8 
F. hTE 2 SGT I 1`'1E 4 R£SPWR S0O 

H1:9t1ZS5% see THRESH 8 

r~P-lM--WAT--BZ 3/II 76 $D004 2-6-?8 

I GNaRE 0, 0, 0, 0 
Ml LOUT 850 HRICt'Y YES 

MSS SAX F3 RST Std! 
INTN OCCUR IONS *2** S 

4 1 316 1 
43 100 1 154?0 
45 1000 1?? 991 
5? low c 205$9 
149 1000 138 31208 
Ss 99? 43 9333 
?3 854 132 3554 

Figure 16 . Total Ion Chromatogram and Significant Peak Indices for 
Water Sample, APHM, Collected During the August Monthly 
Sampling from Station 3/II . 
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Figure 17 . Total Ion Chromatogram and Significant Peak Indices for 
Water Sample, AQCG, Collected During the Fall Seasonal 
Sampling From Station 1/I . 
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Figure 18 . Total Ion Chromatogram and Significant Peak Indices for 
Water Sample, AQDT, Collected During the Fall Seasonal 
Sampling from Station 2/I . 
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Figure 19 . Total Ion Chromatogram and Significant Peak Indices for 
Water Sample, AQLP, Collected-During the Fall Seasonal 
Sampling from Station 1/III . 
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Figure 20 . Total Ion Chromatogram and Significant Peak Indices for 
Water Sample, AUYG, Collected During the November Monthly 
Sampling from Station 1/II . 
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Figure 21 . Total Ion Chromatogram and Significant Peak Indices for 
Water Sample, AYRY, Collected During the December Monthly 
Sampling from Station 1/II . 
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Figure 22 . Total Ion Chromatogram and Significant Peak Indices for 
Water Sample, AVWA, C6il.ected During the December Monthly 
Sampling from Station 3/II . 
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Table 1 summarizes the GC/MS analysis of the fractions analyzed . 

1V-1G0 

by reactions resulting from the use of chloroform as the extraction 

solvent . 



Sample 
Code Type Fraction Location Period Compound Characterized 

Winter nC18 - nC26, 2 phthalates 

Winter All major peaks appear chlorinated 

Winter 2 phthalates 

Winter nC23 - nC29, 1 phthalate 

April nC20 - nC30, 4 phthalates 

April 7 chlorinated compounds, 1 phthalate 

April nC22 - nC36 
6 fatty acid methyl esters (16,17 

April { 18,20,24,26) phthalate, 3 aliphatics 
Spring 1--phthalate 

Spring all major peaks appear chlorinated 

Spring Insufficient signal/noise ratio 

Spring 1 phthalate 

Spring Chlorinated hydrocarbons, 1 phthalate 

Spring nC22 - nC30, 2 phthalates 

July Silicon compounds 

August 4 phthalates 

Fall { nC15 - nC28, pr.istane, phytane, 
I phthalate 

Fall T-phthalate~;.' .3 long chain wax -esters 

Fall insufficient .-signal/.noise ratio 

November 3 fatty acid methyl esters (16,17,18) 

December Fatty acid methyl ester (16) 

December{ nC23 - nC33, 2 phthalates, squalene 
(trace amount) 

AGGK PAR HX 2/IV 

AGIB DIS BZ 3/IV 

AGUW DIS BZ 3/II 

AGYQ DIS BZ 2/III 

AKDF DIS HX VII 

AK DF DIS BZ VII 

AKDG PAR HX 1/ii 

AKDG PAR BZ 1/II 

ALCV PAR BZ VII 

ALEM DIS BZ 2/II 

ALLM DIS FiX 3/III 

ALNK PAR BZ '4 1/IV 

ANZZ DIS BZ 3/I 

AOAD PAR HX 3/III 

AOEK DIS BZ VII 

APHM DIS BZ 3/II 

AQCG PAR HX 1/I 

AQDT DIS BZ 2/I 

AQLP DIS IiX 1/III 

AUYG PAR BZ 1/II 

AVRY PAR BZ 1/II 

AVWA DIX HX 3/II 

TABLE 1 

IDENTIFICATION OF COMPOUNDS IN WATER EXTRACTS USING GC/MS 
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A total of 278 samples of macroepifauna and macronekton from the 
South Texas Outer Continental Shelf were analyzed for heavy hydrocarbons 
by the techniques outlined in the BL.~i Work Statement, Draft VII . These 
analyses included samples of muscle, liver and gills . Selected samples 
were also analyzed by GC-MS techniques as required . Most muscle samples 
had very low hydrocarbon levels (generally less than 2 ppm), with X15 
and C17a-alkaaes predominating . The hydrocarbons detected were mainly 
of biogenic origin, as indicated by the dominance of the C15 and C17 
n-alkanes, pristane and by the absence of aromatic hydrocarbons (squaleae 
was the only compound detected in the aromatic fraction) . The absence 
of conelations is the pristaae/phytane/C17, phytane/Clg and CPIil,_20 
ratios also implied the absence of significant levels of petroleum is the 
study area . Thus, the data obtained provide present baseline hydrocar-
bon concentrations and distributions against which future monitoring data 
can be compared . 

I7-2 

ABSTRACT 



12 primary STOCS stations . The macronekton were taken from the Topographic 

Features Southern Bank and Hospital Rock stations . The macroepifauna con-

sisted of representatives from three classes of organisms, namely molluscs, 

crustaceans and fish . The macronekton were mainly fish of the snapper 

family . The laboratory analyses were based on methods outlined in Attachment 

A of BLM Contract AA550-CT6-17 . Our methods are detailed in the following 

section . Interpretation of data was based on our previous experience (Giam 

et aZ ., 1976 ; Farrington et aZ ., 1972 ; Farrington et aZ ., 1976), on the 

report of Clark (1974) and on gas chromatography-mass spectral data . 

INTRODUCTION 

The purpose of this project was to analyze macroepifauna and macro-

nekton samples from the South Texas Outer Continental Shelf (STOCS) for 

heavy molecular weight hydrocarbons . The results of these analyses provide 

baseline and monitoring data for the STOCS as outlined in the BLM contract . 

Although petroleum hydrocarbons are known to be taken up relatively 

rapidly by marine organisms (Anderson et aZ ., 1974) and have been detected 

at parts per million levels in animals from highly polluted areas (Farring-

ton and Quinn, 1973 ; Scarrett and Zitko, 1972), little is known about detec-

ting trace or parts per billion levels of petroleum hydrocarbons . One 

obstacle to low level detection of petroleum hydrocarbons is interference 

from biogenic hydrocarbons . This interference may be minimized by obtain-

ing profiles of biogenic hydrocarbons from different species . Such biogenic 

profiles can then be subtracted from profiles obtained from organisms later 

monitored to better detect trace levels of petroleum hydrocarbons . Thus, 

our major effort has been directed to defining biogenic profiles and deter-

mining which organisms are most consistent and most suitable for monitoring 

purposes . 

Samples for these studies consisted of macroepifauna obtained from the 



METHODS AND MATERIALS 

hr before use . Hydrocarbon standards were obtained from Analabs and Poly-

iTrade names of reagents, solvents and equipment, and the suppliers are 
included to facilitate recognition by interested readers of what we use ; 
there is no implication that these are solely recommended . 

Sampling 

All samples were collected by personnel of UTMSI/PArII, . Epif aural and 

demersal fishes samples were collected with a 35-ft (10 .7-m) Texas box 

otter trawl and macronekton samples were caught by hook and line . Every 

reasonable precaution was taken to avoid contamination during sampling . 

Samples were placed in cleaned glass jars fitted with teflon or aluminum 

foil . When potentially contaminating sediment or other foreign material 

was adhering to the organisms they were rinsed with seawater . All samples 

were immediately frozen and so kept until analysis . 

The sampling scheme and frequency as presented below were routinely 

followed, whenever possible . Epifaunal samples for hydrocarbon analyses 

were collected three times (seasonally) at each of the 12 primary STOCS 

stations . These samples consisted of five individuals each of three species . 

In addition, at one station during one season only, a sample was collected 

to allow the analysis of 12 individuals of the same species as well as one 

pooled sample comprised of material from the 12 individuals . Macronekton 

were collected at Southern Bank and Hospital Rock seasonally and monthly ; 

samples were to represent five individuals of each of two species per bank 

station . 

Laboratory Analysis 

Materials l 

Solvents were Mallinckrodt NanogradeR and were used as received or re- 

distilled when required . Silica gel (Woelm, 70-230 mesh) and Aluminum Oxide 

Woe1m Neutral (Activity Grade 1) were activated at 200°C for at least 24 



(b) Extraction of Macrofauna, 

science Co . 

Instrumentation 

A Hewlett-Packard 5830 gas chromatograph (GC) equipped with dual 

flame ionization detectors and a programmable integrator was used . It 

eras equipped with 6' g 1/8" stainless steel columns of 5 percent FFAP on 

Gas Chrom Q 100/120 . The injector was at 280°C and the detector at 

350°C . The column oven was temperature-programmed from 100 to 250°C at 

5°/min . 

Procedure 

(a) Background Reduction . 

Prior to actual sample analysis, procedure blanks and recovery 

studies were performed . e1.11 solvents to be used in the procedure were 

concentrated to the extent required by the procedure and analyzed by gas 

chromatography . Any solvent exhibiting nay impurities fn the hydrocarbon 

region of the spectrum was rejected or redistilled is an all-glass system . 

Solid reagents were purified by heating in a 325°C oven for at least 

24 hr ; concentrates of solvent rinses of these materials were inspected 

by gas chromatography as described for solvents . Glassware and equip-

went were washed with Micro cleaning solution (International Products 

Corp .) and distilled water, rinsed with acetone, methanol and hexane 

and heated overnight at 325°C . After heating, they were rinsed with two 

portions of benzene and two of hexane . The final hexane rinse was 

concentrated and checked by gas chromatography . If any impurities were 

present, rinsing was repeated as needed to obtain an acceptable blank . 

Glassware checks accompanied each sample run and procedure blanks were 

performed at frequent intervals . Routine procedure blanks of less than 

0 .001 ppm were obtained . 



sample and 200 parts silica gel to one (1) part lipid sample was used . The 

co1imm had a length to inside diameter ratio of approximately 20 :1 . Both 

the silica gel and the neutral alumina were activity I . The cola was 

packed is hexane and rinsed with one column volume of n-pentane . At 

Approximately 100 g of tissue were used for all analyses . When 

possible, .a minims of five organisms or portions thereof was used per 

analysis to minimize the natural variability of hydrocarbon content in 

canspecifics . Each sample was cut into smaller pieces and the wet weight 

determined . An aliquot of the sample was then placed in a tared beaker 

and dried at 60°C until a constant weight was obtained . In this manner, 

the wet and dry weights of the sample were obtained . The remainder of 

the sample was saponified . 

(c) Saponi_°ication . 

Saponification was conducted by refluxing the sample with 

0 .05 g ROH/g tissue in approximately SO ml methanol . Saponification was 

continued until the tissues were digested . After the completion of dig-

estion, an equal volume of purified water was added to the mixture . The 

mixture was then refluxed overnight . Upon completion of hydrolysis, the 

mixture was diluted with an equal volume of a saturated NaCl solution . 

The mixture was then extracted three times with n-pentane . The vole 

of n-pentane used for each extraction was equivalent to the volume of 

methanol initially used in the saponification . The a-pentane fractions 

were then combined and washed with an equal volume of water . The solvent 

was removed from the pentane extract, with a Ruderna-Danish evaporator, 

(for weight determination) prior to columm chromatographic separation . 

(d) Column Chromatography . 

A weight ratio of about 100 parts alumina to one (1) part lipid 



The column was also capable of resolution of hydrocarbons from n-C14 

through n-C36 (Figure 1) . To assist identification, the following com-

pounds were used as standards to match the retention times of peaks in 

the gas chromatogram : aliphatic hydrocarbons C15 - C32 ; trimethylbenzene ; 

1,2,3,.5-tetramethylbenzene ; 1,2,3,4-tetramethylbenzene ; naphthalene ; 

2-methylnaphthalene ; I-methylnaphthalene ; 1, 5-dimethylnaphthalene ; 2,3-

dimethylnaphthalene ; 4-phenqltoluene ; 3,3'-dimethylbipheayl ; 4,4'-di- 

no time was the column allowed to run dry . The extract taken up in a 

small volume of n-pentane was then applied to the column and the ali-

phatic fraction eluted with two column volumes of n-pentane . This was 

followed by elution of aromatics with two column volumes of benzene . 

The eluates from the two fractions were then taken to near dryness . 

They were then transferred to screw cap vials with teflon lined caps, 

and the remainder of the solvent was removed with a stream of purified 

nitrogen . Following column chromatography, all eluates were analyzed 

by gas chromatography . 

(e) Gas Chromatographic Separations . 

Each eluted fraction obtained from the column chromatographic 

separation was quantitatively dissolved is a small volume of carbon dis-

ulfide for injection into the GC . A stainless steel column (1/8" x 6') 

packed with S percent FFAP on Gas Chrom Q (100-120 mesh) was used for 

the analysis . The colimm resolved n-C17 from pristane and n-C18 from 

phqtane with a resolution (R) of approximately unity, where 

R - 2d/wl + w2 and, 

w is the width of each peak at the base on one 
phase for both pairs of components, and 

d is the distance between apices . 



GAS CHROMATOGRAM OF ALIPHATIC STANDARDS ON A 10' x 1/S" 
SX FFAP COLUMN . GLC CONDITIONS : CARRIER GAS, 

N2 at 20 cc/min, COLUMN TEMPERATURE 100240 C at 50/min . 
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FIGURE 1 



were analyzed on 30-m glass capillary GC columns (G 50, #1176B and #1176 F) 

coated with OD-101 (J & W Scientific, Inc .) . These columns provide base-

line separation of n-heptadecane and n-octadecane from pristane and phy-

tape, respectively . Hewlett-Packard's variable injection splatter was 

incorporated into the GC-MS system for capillary column analyses . A 

17-9 

methqlbiphenql ; fluorene ; 1-methylfluorene ; phenanthrene ; anthracene ; 

9-methylanthracene ; fluoranthene ; and chrysene (Figure 2) . 

(f) Gas Chromatography-Mass Spectrometry (GC-MS) . 

Aliquots of extracts from 12 percent of the GC samples were 

analyzed by GC-MS . The runs were made by Dr . R . Spraggins (of the 

Center for Trace Characterization) in cooperation with Dr . H . S . Chan . 

Since the concentrations of components were very low (often near the 

limit of detection of GC-MS), only major components found in gas chroma-

pagrams were identified . 

Equipment 

The analyses were run on a Hewlett-Packard 5980A dodecapole mass 

spectrometer interfaced to a 5710A gas chromatograph . This GC-MS system 

was supported with a 5933A Data System, a Tektronix 4012 CRT terminal, 

a Tektronix 4631 Bard Copy Unit, and a 15,000 spectra reference library 

stored on a single disc (Aldermaston) . 

Gas Chromatography Conditions 

The samples for GC-MS analysis were analyzed in four groups (quart-

erly) . The first group of In samples was analyzed using a 6', 3 percent 

apiezon GC column for separation, with temperature programming from I50-

270°C at a rate of 16°C/min and a helix flow rate of 60 ml/min . 

The second group, containing 21 samples and all subsequent samples, 



GAS CHROMATOGRAM OF AROMATIC STANDARDS ON A 
10' x 1/8" SX FFAP COLUMN . (SAME GLC CONDITIONS AS IN FIG . 2) 
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FIGURE 2 

l . othylbenzane 
2 . 1,3,5-trimethylbencene 
7 . 1,2,7-trimnthylDenxens 
4 . 1,Y,7,5-tatramathylben:sne 
S . 1,2,1,4-tetcamethylbanzene 
6 . naphthalene 
7 . 2-oetliylnaphtAalene 
B . 1-methyl naphcAa1 an* 
9. 2,6-Alwechylnaphthalena 

10 . 1,S-d:mechylnaplithalens 
2,3-dlacthyloaphcAalena 

11 . 4-phcnylcoluenn 
12 . 3,]'-d Lnachylbiphenyl 
13 . 4,4'-d3machylblphenyl 
14 . fluorens 
15 . 1-mcchylfluorene 
16 . phuuanthrena 

antliracene 
17 . 9-m ethylanchracene 
18 . fluoranthene 
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Drawout lea - 6 
Repeller - 16 
Ion focus lea - 18 
Electron energy - 70 ev 
Emission - 22 
Target - 21 
X-ray - 1 
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split ratio (10 :1) gave optimum peak shapes while still retaining good 

detection limits using column #1176 B . The capillary column was temp-

erature-programmed from 150-250°C at a rate of 2°C/min. Column #1176 F 

gave optimum results using a 20 :1 split ratio and a temperature program 

rate of 4°C/min . 

Mass Spectrometer Conditions 

The mass spectrometer was operated with an ion source temperature 

of 180°C and an analyzer temperature of 110°C . The maximum detector 

gain remained at 2 x 106 ton during sample groups 1 and 2 . Maxim 

detector gain for sample group 3 was 1 x 107 tort . 

The mass spectrometer was tuned on perfluarotributyl amine (PFrBA) 

prior to analysis . Optimum source potentials for each set of analyses 

were : 

Source Potential Settings 
May, 1976 (Sample Group 1) 

Drawout len - 4 
Repeller - 15 
Ion focus lea - 23 
Electron energy - 70 ev 
Emission - 20 
Target - 20 
X-ray - 1 

Source Potential Settings 
Sept ., 1976 (Sample Group 2) 



Analytical Procedures 

Procedure blanks and recoveries of spikes were carried out prior to 

sample analyses . Excellent procedure blanks (Figure 3) were routinely 

obtained . For a detailed discussion on decontamination procedures, see 

Giam and Wong (1972) and Giam et aZ . (1975) . 
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Source Potential Setting 
December, 1976 

Drawout len - 3 
Repeller - 16 
Ion focus lea - 12 
Electron energy - 70 ev 
Emission - 20 
Target - 15 
X-ray - 1 

Compounds Confirmed by GC-MS 

The total ion chromatogram for each sample was permanently stored 

on auxillary discs . Major sample components which appeared in both GC 

and GC-MS were identified . Some minor sample components were not identi-

fied due to poor signal-to-background spectra . The electron-impact 

spectra of individual components were permanently stored on disc for com-

parison with library spectra or for other uses . Individual spectra from 

data files were compared : (1) by computer with spectra included in the 

Aldermaston Library on disc using the "search" routine ; (2) with ref-

erence spectra run on our instrument ; and (3) with the "Eight Peak 

Index of Mass Spectra" (Mass Spectrometry Data Center) . Table 37, Appen-

dix M, shows the compounds that were confirmed by GC-MS for each sample . 

Representative mass spectra of compounds confirmed in these samples is 

also included in-Figures 3-12, Appendix M . 

RESULTS 
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The analytical methods described in this report were essentially 

those required by BLK Contract No . Ar1550-CT6-L7 . The procedure, which 

included two evaporative concentration steps, gave very good recoveries 

(Table 1) for the higher molecular weight hydrocarbons, but yielded 

a lower recovery for lower molecular weight and more volative hydrocar-

bons . However, this lower recovery did not affect the characteristic 

(add-even) distribution pattern of petroleum . Thus, if a biological 

sample was contaminated with petroleum, the analytical procedure would 

be capable of detecting the contamination . Moreover, the analyses of 

the replicate biological samples gave good reproducibilities (Table 2 ; 

Tables 10-12, Appendix M) . The limits or detection were generally 0 .005 

ppm or better . Examples of typical gas chromatograms of procedure blanks 

and samples and the mass spectra of major components are shown in Fig-

ures 1-3 ; and Figures 1-Z2, Appendix M. 

Analyses of Macroepifauna Samples 

The results of the analyses of 148 organisms are detailed in Tables 

1-12, Appendix M, as total concentration of alkanes, percent distribution 

of n-paraffins, the levels of pristane and phytane, and the ratios of 

pristane/phytaae, pristane/C17 and phytaae/C18 and the carbon preference 

index (CPI) ratios . A summary of the range of total concentrations of 

n-alkanes for the more dominant species of organisms are shown in Table 3, 

while Table 2 illustrates the variation found in replicate samples . In 

most cases, the C13 and CI7 alicaaes were the dominant n-alkanes . As shows 

in Table 4, they frequently constituted more thaw 70% of the total of 

a-alkanes . Pristane was present in almost al? samples at relatively high 

levels, while phytane was present fn approximately ISX of the samples at 

concentrations generally less than 0 .1 ppm. The pristane/phytane ratios 



'Recovery of hydrocarbons (approximately 20 ug added) 
subjected to all steps in the analytical procedure in the absence 
of biota . 
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TABLE 1 

PROCEDURAL RECOVERYI OF ALIPxATICS AND AROMATICS 

PERCENT RECOVERY 
AVERAGE OF 14 DETERMINATIONS 

C17 75 ± 15 

C l$ 75 '± 10 

C l9 93 ± 6 

C20 93 t 3 

C21 97 ± 3 

C22 86 ± 5 

C23 96 ± 3 

C24 91 ± 5 

C25 89 ± 7 

C26 86 ± 9 

1-methylnaphthalene 62 ± 19 

2,6-dimethylnaphthalene 77 t 14 

1,5-dimethylnaphthalene 76 t 16 

4-pheny ltoluene 88 ± 11 

3,3'-dimethylbiphenyl 81 ± IO 

4,4'-dimethylbipheayl 88 t 1I 

fluorene 93 ± 10 

1-methylfluorene 76 ± u 

anthraceae 66 ± 16 
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TABLE 2 

CONCENTRATION OF n-ALKAIVES IN REPLICATE SAMPLES 

Species Station Concentration, ug/g dry wt . 

Squid 1/Z 0 .07 0 .07 

1/11 0 .00 0 .06 

VII 0 .24 0 .22 0 .04 

Longspine porgy 3/II 0 .00 0 .01 0 .02 

Butterfish 2/1 17 .62 17 .17 16 .00 

Wenchman 3/II 0 .48 0 .50 0 .37 0 .96 

Blackeared bass 2/II 0 .00 0 .06 ' 0 .28 

2/IV 0 .55 0 .69 

Brown shrimp 1/II 0 .00 0 .00 0 .01 

2/11 0 .00 0 .00 0 .00 

1/IV 0 .00 0 .02 

Shoal flounder 1/II 0 .00 0 .00 0 .08 

2/11 0 .00 0 .00 0 .04 

Dwarf goat fish 1/III 1 .02 2.17 

2/111 2 .38 2 .60 2 .48 

Rough Scad 1/II 5 .25 6 .32 

1/III 3 .26 3 .21 

1/IV 0 .01 0 .03 
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TABLE 3 

CONCENTRATION OF n-aI.Ke1NES (C14-C32) IN MUSCLE OF MAJOR SPECIES OF 

MACROEPIFAWiA FROM THE SOUTH TEXAS OCS, 1975rI976 

Species Concentration ug/g dry wt . 

Range Mean ' Median 

Squid (44) 0 .00- 7 .45 0 .76 ± 1 .37 0 .22 

Wenchman (32) 0 .13-13 .07 2 .47 ± 3 .58 1 .17 

Rough Scad (25) 0 .01- 8 .07 2 .51 ± 2 .51 1 .22 

Shoal flounder (19) 0 .00- 1 .82 0 .76 ± 0 .65 0 .81 

Longspfne porgy (18) 0 .00- 1 .88 0 .41 ± 0 .49 0 .22 

Dwarf goatfish (.18) 0 .05- 9 .73 2 .54 t 2 .77 0 .20 

8lackeared bass CI4? 0 .00- 0 .69 0 .25 t 0 .23 0 .24 

0 .00-13 .07 

Brown shrimp (36) 0 .00- 0 .32 0 .07 t 0 .09 0 .04 
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TABLE 4 

PERCENTAGES~OF C15 AND C17 IN TOTAL n-ALRANES OF MUSCLES OF SPECIES OF 
MACROEPIFAUNA FROM SOUTH TEXAS OCS (1975-1976) 

Species Percentages (C 15 + C17) 

Wenchman (27) 87 t 13 

Lizard fish (10) 86 ± 10 

Atlantic bumper C7) 86 t b 

Butterfish (6) 84 ± 3 

Rough scad (.17) 84 ± 13 

Dwarf gaatfish (16) 79 t 19 

Squid (32) 68 ± 26 

Longspine porgy (17) 40 t 31 

Shoal flounder (15) 27 ± 35 



hydrocarbon distribution with no odd-even predominance . Aromatics were 
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ranged from 6 to 136 . The pristane/C17 ratios were generally in the 

range of 1 to 10 . The few phytane/Clg ratios that could be calculated 

were mainly in the range from 0 .5 to 5 . The majority of the CPI14-20 

ratios were greater than two, with most values between 10 and 30 . The 

CPI20_32 ratios were in the range of 0 .2 to 46 with the majority of 

values from 0 .5 to 2 . 

Analyses of Macronekton 

The results of the analyses of 85 macronekton samples are presented 

in detail in Tables 13-36, Appendix M, as total concentration of alkanes, 

percent distribution of n-paraffins, the levels of pristane and phytane, 

and the ratios of pristane/phytane, pristane/C17, phytane/Clg and the 

CPI ratios . 

The range of total concentrations of n-alkanes in muscle, liver 

and gill of the two mayor species analyzed, vermilion and red snapper, 

are shown in Table 5 . The C15 and C17 hydrocarbons were the dominant 

n-alkanes (Table 6) . Pristane was present in almost all samples . Phy-

tare was present in approximately 10 percent of the samples in concen-

trations from 0 .004 to 0 .165 ppm . The pristane/phytane ratios ranged 

from 0 .5 to 92 . The pristane/C17 ratios varied from 0 .8 to 23, with 

most values around one . The phqtane/Clg values ranged from 0 .4 to 2 .0 . 

The CPI14_20 ratios ranged from 1 .9 to 70, with most values between 10 

and 30 . The CPI2p_32 ratios ranged from 0 .4 to 8 .5 . 

Analyses of Possible Shipboard Contaminants 

Samples of oily bilge water, a ship's lubricant and a fuel oil were 

analyzed by the techniques similar to that used for biota . These sub- 

stances yielded characteristic petroleum-like patterns of aliphatic 



17-20 

TABLE 5 

CONCENTRATION OF n-r1LKANES (C14-C32) IN MUSCLE, LIVER AND GILL IN 

MACRONEKTON FROM THE SOUTH TEXAS OCS, 1976 

Concentration ug/g, dry wt . 

Species Range Mean Median 

Vermilion snapper 

muscle (16) 0.01- 3 .69 1.23 ± 1 .28 0.69 

Liver (12) 0.00-29 .93 5.89 . 9 .71 1.51 

gill (13) 0.00-23 .98 3.79 ± 7.02 0.31 

Red snapper 

muscle (11) 0 .01 0 .97 0 .33 ± 0 .36 0 .17 

liver (10) 0 .63-13 .33 5 .48 ± 4 .21 4 .93 

gill (10) 0 .00-15 .22 3 .75 t 5 .00 1 .44 



liver (10) 91 ± 11 

gill (11) 91 ± 11 
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TABLE 6 

PERCENTAGES OF Cig ADD C17 IN TOTAL n-ALKANES 
OF MACRONEKTON FROM THE STOCS 1976 

Species Percentages (C15 + C17) 

Red Snapper 

muscle X15) 95 ± 4 

liver (IS) 92 ± g 

gill (13) 90 ± g 

Vermilion Snapper 

muscle (19) 92 t 10 



pies of macrobenthic organisms, 16 more than required . (A summary of 

the analyses is found in Tables 1-12, Appendix M) . The 24 replicate 

samples were also analyzed as required, but the 13 individual and pooled 

quality control samples were too small for individual analysis . (Attempts 

are being made by the Contractor to supply larger samples .) Another 

problem with contract compliance was that samples representing all three 
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found in the appropriate samples, e .g. the fuel oil . The results of 

these analyses are summarized in Table 37, Appendix M . 

DISCUSSION 

General Comments 

The analytical methods were adequate for the main purpose of the 

project, namely to provide baseline data for hydrocarbons in biota and 

to evaluate if the hydrocarbons are of petroleum or biogenic origin . 

Because of the very low levels of hydrocarbons in biota (generally 2 

ppm or lower), contamination during sampling and analysis must be scru-

pulously avoided . Good recoveries, blanks, and reproducibilities were 

obtained in spite of the low levels of hydrocarbons present . The mean 

concentrations of hydrocarbons in muscles of biota from South Texas OCS 

were in the low parts per million (ug/g dry weight) range, with brown 

shrimp having the lowest concentrations (Tables 3 and 5) . For most 

species, C15 and C17 alkanes constituted the major component of the 

hydrocarbons (Tables 4 and 6) . There were little or no phytane, aroma-

tics or distribution patterns to indicate that the hydrocarbons were of 

petroleum origin . 

Macroepifauna 

Contractual obligations were fulfilled by the analysis of 124 sam- 



carbons were pristane and the C15 and CI7 n-alkanes . This was probably 

due to the diet of the organisms, as pristane is the major hydrocarbon 

in zooplankton (Blumer et al ., 1964) and the C15 and C17 n-alkanes are 

the dominant hydrocarbons in unpolluted algae (Clark and Blumer, 1967) . 

The hydrocarbons present in more than 10 percent of the samples were con-

firmed by GC-MS ; squalene was the only compound confirmed in the aromatic 

fraction . Phytane was detected in only 23 samples and tended to occur 

more frequently at some stations than others . None was detected at Sta-

tions 1/I, 3/I and 3/III ; it was present in one sample from Stations 

2/II, 3/II and 3/IV ; in two samples from Stations 2/I and 1/ID ; in three 

samples from Stations 1/II ; and in four samples each from Stations 1/III, 

2/III and 2/IV . As phytaae is generally considered to be derived from 

petroleum rather than from biogenesis (Farrington et al ., 1972), these 

findings suggest that there could be sources of petroleum pollution at 

those stations : However, other indicators of petroleum such as aromatic 

hydrocarbons (Farrington et al ., I972), were absent and the levels of 

phytane were very low implying the preseaCe of very low levels of petro- 

17-Z3 

species, a mollusc, crustacean and fish, were not received from every 

station; often, only fish were available . The diversity of fish samples 

and the lack of shrimp and squid from every station made statistical 

correlations between stations difficult . For example, some stations 

appeared to yield higher hydrocarbon levels or wider distributions of 

n-alkanes, but on close inspection of the data, this might have been due 

to the taxonomic characteristics of the species collected . For example, 

rough scad and butterfish contain numerous hydrocarbons while shrimp 

and squid have relatively few . 

A number of trends mere apparent from the data . The dominant hydro- 



odd-carbon dominance and were calculated as follows : 

n ~ 31 n - 31 
E HC odd E HC odd 

n 21 a " 2I 
CP1 

20-32 1/2 + 
n~32 a=30 

E HC even E HC even 
n ~ 22 a = 20 

.L I-&,+ 

leum, if any . Also, the replicate samples studies shown is Table 2 

indicated that higher hydrocarbon levels were present at some stations 

relative to others (e .g., for rough scad, 1/II>1/III>1/IV), but the 

stations with the high levels were different from those containing more 

samples with phqtane . If significant levels of petroleum were present 

is as area, its presence should be reflected in the hydrocarbon levels 

in the area's organisms as petroleum hydrocarbons have been found to be 

taken up rapidly from contaminated water (Anderson et ¢Z ., 1974) and to 

be retained for long periods from chronic exposure (DiSalvo et at ., 

1975) . Thus, if petroleum is present in the South Texas OCS study area, 

it is probably at very low levels . 

There was also as absence of correlation between and within stations 

of the pristane/phqtane, pristaae/C17 and phytaae/Clg ratios . These 

parameters are often used to identify sources of oil pollution and would 

be expected to be similar is organisms exposed to a single petroleum 

source, although there is some indication that biogenic hydrocarbons can 

affect the ratios (Farrington and Medeiros, 1975) . In nay case, the 

lack of correlation of the ratios further implies the absence of signi-

ficant petroleum sources in the Texas OCS . 

Another index of the presence of petroleum are odd-even ratios . In 

this study, carbon prefereace.iadices (C°I) were used as a measure of 



all were analyzed . Specifically, the August and November monthly samples 

had six rather than the required 12 samples, the Fall sampling was one 

organism, or three samples less than the specified amount, and one monthly 

suite of samples (12) was not received . Extra samples were received and 

analyzed in March, April and July . During the winter analyses, muscle 

but not liver and gill were analyzed because Work Statement Draft V did 

not require analyses of liver and gill . Samples received following 

receipt of Draft 0I were analyzed for muscle, liver and gill . Most of 

the samples were red and vermilion snapper ; a good profile of snappers 

is two banks was available . 

n= 19 n= 19 
E HC odd E BC odd 

n~15 a=15 
CPI I4-20 1/2 + 

II=20 II=18 
E BC even L HC even 

n- 16 n=14 

The CPI2p_32 is generally of the same order of magnitude for petroleum 

(mean 1 .2) and for biological organisms (mean 1 .0-1 .5), but the CPI14-20 

more accurately reflects the odd-carbon dominance of biological samples 

that is absent in petroleum . The CPIl4_2p is almost always >2 for 

organisms, and averaged <1 .0 for petroleum (Clark, 1974) . In this 

study, most of the CPI14-20 values were between 10 and 30 . The few 

values that were close to one were for samples with a small number of 

hydrocarbons whose distribution patterns did not resemble petroleum . 

Thus, this parameter also supports the other findings in indicating very 

low levels of petroleum in the South Texas OCS study area . 

:iacranekton 

Only 85 of the contracted 108 macronekton samples were received and 



As in the 1974-1975 study, heavy hydrocarbons of anthropogenic 

origins were not indicated in this study . The large number of different 

species, but few replicates of the same species studied, have made data 

correlations and interpretation statistically difficult . However, the 

study provides a wide data base which will serve as a baseline against 

which future data can be evaluated . It is hoped that fewer species but 

more replicates will be utilized in future studies to allow more detailed 

intercomparisons between sampling sites and intraspecific variability . 
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The range of total hydrocarbon concentrations was from 0.003 ppm for 

gill to 290 .7 ppm for liver . The dominant hydrocarbons were the C15 

and C17 n-alkanes and pristane, as found for macroepifauna . Phytane 

was found in about 10 percent of the samples and was distributed equally 

between the two banks . The phytane appeared to be associated with higher 

hydrocarbon levels in the samples and CPI14-20 ratios were at the lower 

end of the average range (10-30), but this was not true in all cases . 

With the absence of aromatic compounds in the samples and a relatively 

small number of phytane-containing samples, the presence of petroleum 

in these samples was not conclusive . 

The ranges of the pristaae/phqtane, pristaae/C17 and phytane/Clg 

ratios were smaller than those found for macroepifauna, probably due to 

the smaller number of species sampled . These ratios were not sufficiently 

consistent at either bank, however, to suggest a source of petroleum 

hydrocarbons . The CPI14-20 values were also strongly suggestive of 

biogenic sources of the hydrocarbons detected . 

CONCLUSIONS 
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CHAPTER EIGHTEEN 

TRACE METALS IN EPIFAUNA, ZOOPLANKTON AND MACRONERTON 
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Gill and liver tissue from vermilion snapper had generally higher 
concentrations of trace metals than similar tissues from red snapper . 
Cd levels were higher in livers than gills for both species . Cadmium 
levels were higher is samples from Hospital Ruck than from Southern Bank . 
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ABSTRACT 

This report covers second gear data from an ongoing study to deter-
mine baseline concentrations of trace metals in marine organisms from 
the STOCS area . This data will be used to assess the potential impact 
of future oil and gas exploration/production on biota in the area . Con-
centrations of 10 metals (A1, Ca, Cd, Cu, Cr, Fe, Ni, Pb, V, Zn) were 
determined in 312 samples including : zooplankton (62) ; muscle tissue 
from fish (140), shrimp (19) and squid (14) ; fish gill (31) and liver 
tissue (29) ; and whole oysters (15) . Most samples came from 14 stations 
sampled at least 3 times during 1976 . Concentrations were determined 
by flame atomic absorption spectroscopy (Cu, Fe, Zn), flameless AA.S (Cd, 
Cr, Ni, Pb) and neutron activation analysis (Al, Ca, V) . 

No indication of substantial heavy metal pollution was observed . 
Levels of Cd, Cu and Pb appeared to be higher in the north . Sample 
groups in order of decreasing total trace metals content (except A1, Ca) 
were zaoplankton, liver, oyster, gill, shrimp, squid and fish flesh . 

No significant changes in annual mean trace metals concentrations 
were found for any sample group between 1975 and 1976 . The number of 
metals in these comparisons was limited, however, because of the system-
atic overestimation in 1975 of Cd, Cr, Ni and Pb in many tapes of samples . 

There was considerable variability in the trace metals data . Sample 
groups in order of decreasing variability were zooplankton, liver, fish 
flesh, gill, shrimp, squid and oyster . Variability within species was 
only moderately less than that in groups . With this level of variability, 
only differences of s 100 percent could be resolved statistically . 

Replication of samples for individual species was poor . Samples 
from 29 species were analyzed, but only 11 species had = 9 samples for 
analysis . Statistically valid iaterspecific comparisons could only be 
made between the annual mean trace metals concentrations of these 11 
species . Smaller scale geographical and seasonal comparisons could only 
be made within the larger groupings of similar species . Similar inter-
specific comparisons were infeasible . An improvement in the replication 
of samples by decreasing the number of species analyzed is essential 
for future work . 

Incorporation of aluminosilicate detritus was significant only for 
zooplankton samples . This incorporation was lowest is the spring and 
decreased offshore in all seasons . Levels of Cu, Ni and Pb decreased 
in the south . Lead concentrations decreased offshore, and Cd levels 
were lower inshore . 

Fish, shrimp and squid muscle tissue had generally low, uniform 
trace metals levels with few apparent geographical, seasonal or inter-
specific differences . 



Oysters had generally higher levels of all trace metals . Levels 
of Cd, Cu, Pb and Zn were significantly higher in samples from the 
East Flower Garden than those from four other bank stations . 
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purpose of the STOCS Monitoring Study is to provide a basis for predict-

ing the impact of oil and gas exploration and development on this marine 

environment . Many metals are associated with drilling activities 

including Cadmium (Cd), Chromium (Cr), Copper (Cu), Lead (Pb), Nickel 

(Ni), Vanadium (n) and Zinc (Zn), (Anon., 1975) . The purpose of this 

project is to establish baseline data on trace metals concentrations 

is STOCS organisms before extensive oil and gas exploration begins . 

This baseline data can then be used to assess the impact of future 

petroleum drilling/production activities in terms of changes in organisma.l 

trace metals levels . To assess the geographical variability of trace 

metals in STOCS biota, a variety of organisms were collected from three 

stations on each of four transects across the shelf and from several 

topographic highs (fishing banks) . All stations except a few bank 
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INTRODUCTION 

The introduction of trace metals into the marine environment as a 

result of man's activities has been well demonstrated (Merlfni, I971) . 

Metal pollution has been observed is sediments from Corpus Christi Bay 

(Holmes et al ., 1974) and the Houston Ship Channel - Galveston Bay area 

(Hann and Sloweq, 1972) . There are no reports of significant contamina-

tion is sediments from other areas on the continental shelf of the 

northwest Gulf of Mexico (Trefry and Presley, 1976) . Offshore oil and 

gas exploration is increasing . The South Texas Outer Continental Shelf 

(STOCS) has been designated by the Department of the Interior as a poten-

tial area for such activities . The Bureau of Land Management (BLM) 

under the Department of the Interior is tasked with the proper develop-

went and sound management of these offshore mineral resources . 

As part of BLM'S National OCS Environmental Studies Program, the 
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stations were sampled at least three times to determine any seasonal 

effects on trace metals levels . 

This report covers the second (1976) year of the STOCS Monitoring 

Study Trace Metals Project . A total of 312 biological samples were 

analyzed for 10 metals (Al, Ca, Cd, Cu, Cr, Fe, Ni, Pb, D, Zn) . The 

types of samples analyzed were zooplankton (62), fish muscle (140), 

fish livers (29), fish gills (31), shrimp muscle (19), squid muscle 

(14), whole oysters (15) and miscellaneous crustaceans (2) . In 1975, 

348 samples were analyzed for most of the same metals . The 1975 sample 

types were similar to 1976 except for 35 neuston samples . 

The purpose of this report is to characterize the 1976 trace metals 

data in terms of average concentrations in the various types of organisms 

and compare these levels with similar data from 1915 . Also the geo-

graphical and seasonal trends in 1976 organismal trace metals concentra-

tions are discussed for each sample type, and, where possible, for indi-

vidual species . Finally, an attempt is made to assess the nature and 

magnitude of possible future changes in STOCS organismal trace metals 

levels that could be detected using the current baseline data set . 

Also, ways in which the baseline data set can be improved by future 

work to resolve smaller scale changes in organismal trace metals levels 

are discussed . 

r 

METHODS AND MATERIALS 

All samples were collected by personnel of the University of Texas, 

Port Araasas Marine Laboratory . Epifaunal and demersal fish-samples 

were collected with a 35 ft (10 .7 m) Texas boa otter trawl . Zooplankton 

samples were collected with a metal-free,l-m, 220 um mesh net . Macro-

nekton samples were caught by hook and line . Every reasonable precau- 



Rock during the three seasonal and six monthly sampling periods . Opti-

mally, five individuals of two species (RhombopZites aurorubexs and 

Lutjarcus ccaripechcanus) were collected from each bank during each sampling 

period . A total of 79 macronekton samples was collected . Four quality 

control subsamples were taken from the pooled analytical sample . 

Zooplaakton samples were collected from Stations 1-3, all transects, 

during the three seasonal sampling periods . A total of 72 zooplankton 

samples was collected, including 12 sets of replicate and 12 quality 

control samples . 
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tion was taken to avoid contamination during sampling . Epifaunal, 

demersal fish and macronekton samples were placed in polyethylene bags . 

When potentially contaminating sediment or other foreign material was 

adhering to the exterior surfaces of the organisms collected, they were 

rinsed prior to being put into the polyethylene bags . Zooplankton 

samples were transferred from the cod-end of the net to plastic snap-

cap vials . To avoid any release of metals from the organisms caused 

by microbial activity, all samples were immediately frozen on board 

ship and remained frozen during transportation and storage until pre-

pared for analysis . 

Epifaunal and demersal fish samples were collected at Stations 1-3, 

all transects, during the three seasonal sampling periods . Five indi-

viduals of the three most abundant species were collected at each sta-

tion . The species analyzed in each of the major sample groups are 

listed in the Results section . In addition, one sample consisting of 

twelve individuals of one species was collected . A total. of 157 epi-

faunal samples was collected, including 12 sets of replicates and 24 

quality control samples . 

Macronekton samples were collected from Southern Bank and Hospital 



being prepared .for freeze drying . They were rinsed with deionized 

water as necessary to remove any mud or other foreign material adhering 

to the exterior surfaces of the organisms . All dissections were done 

in a clean room on acrylic plastic cutting boards using stainless steel 
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Additional macronekton samples and samples of the spiny oyster 

(SpondyZua americanus) were collected during the Topographic Features 

Study . 

Sample Preparation 

Non-contaminating procedures used to prepare each of the major 

sample types (i .e . zooplankton, shrimp and other Crustacea, squid, 

oysters, fish flesh and liver and gills) are detailed below. 

Yo sorting was made of the diverse and variable group of zooplank- 

ton organisms collected . Each sample was thawed and poured into an 

acid-cleaned 140 mm diameter plastic petri dish . Filtered seawater 

was added as necessary to cover the entire sample . The sample was 

carefully inspected using a dissecting microscope . Any foreign material 

was removed and the relative proportion of major types of zooplaakton 

(e.g . copepods, ostracods, crustacean larvae, chaetognaths, etc .) in 

the sample was estimated . The sample was poured onto a 220 um NITER 

screen and rinsed sparingly with deionized water . The deionized water 

used for all work in this study was prepared by passing distilled water 

through as ultrapure, mixed-bed demineralizer column (BARNSTEAD D0809) . 

Excess water was removed by placing the screen aver a series of paper 

towels and gently squeezing the sample with a teflon spatula, and 

weighed immediately to determine wet weight . The vial was covered 

with parafilm and placed in a freezer until it could be freeze-dried . 

Fish and macro invertebrate samples were thawed just prior to 



tissue from selected fish were prepared for analysis . A maximum amount 

of the appropriate tissue from each individual was prepared for freeze 

drying as described below . This action was taken to insure that extra 

freeze-dried material would be available for repeat analyses when 

necessary and to avoid having material from the same sample stored in 

two different ways for long periods . Except for samples prepared as 

whole organisms (ti .e. crab, oyster and zooplankton), an equivalent wet 

weight tissue aliquot was taken from up to 10 individuals in the sample 

(if available) and pooled in a tared plastic, snap-cap vial to give a 

total wet weight if possible of 6-12 g . After dehydration this 

pooled sample yielded a dry weight of 1-3 g, all of which was analyzed 

for trace metals . Pooled samples were prepared in this manner to insure 

that the trace metals concentrations in the pooled sample represented 

a true average of the concentrations existing in each of the individual 

organisms included in the sample, and also to avoid having to homogenize 

a large, pooled sample with a ball mill or mortar and pestle and risk 

contamination . If sufficient tissue remained, reserve pooled samples 

identical to the first were prepared in separate vials . If there was 
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scalpels, scissors and nylon or teflon tweezers as required . At no 

point during the dissection were the preparer's fingers allowed to 

touch the tissue to be analyzed . All dissecting equipment was thoroughly 

rinsed with 1 N nitric acid (HN03) and deionized water between each 

sample . At the end of each sample preparation, all equipment was 

thoroughly cleaned in a Na2C03 solution and rinsed with 1 N FIN03 and 

deionized water . The equipment was stored is polyethylene bags until 

the next use . The acrylic boards were soaked in 0 .5 N gNOg between each 

use . 

Muscle tissue from all fish, shrimp and squid and liver and gill 



ysis . The total length (from rostrum to tail) and sex (whenever pos-

sible) were determined for each individual prior to dissection . The 

head and thorax were cut off and discarded . The abdominal musculature 

was removed by making a mid-ventral incision with scissors and peeling 

off the exoskeleton . The mid-ventral artery was removed from the sur-

face of the muscle and the digestive tract and dorsal artery excised 

by making a mid-dorsal incision. This procedure was done to reduce the 

variability in sample trace metal concentration since vascular and diges-

tive tissue could have significantly different trace metals content 

than the muscle tissue . The muscle tissue was rinsed sparingly with 

deionized water to remove any remnants of the arteries or digestive 

tract and was then handled as described below . The single stomatopod 

sample was prepared similarly, except the digestive gland which is 

closely associated with the abdominal musculature was also removed . 

Whole crabs, due to their small size, were freeze-dried . The legs and 

dorsal carapace were removed before drying to decrease the concentration 

of calcium and other interferants from the exoskeleton in the final 

sample matrix . 

For squid, the mantle length (from the dorsal anterior margin to 

the tip of the tail) and the sex (whenever possible) of each was deter-

mined . The mantle was slit from the funnel to the tail and laid open . 

The pen, viscera, exterior skin and tail fins were removed . The remain- 
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insufficient tissue remaining to prepare a second replicate pooled 

sample, or if there was still tissue left over after the preparation 

of the additional replicates, the remaining tissue from each individual 

was placed in separate vials for possible future use . 

The abdominal musculature was removed from whole shrimp for anal- 



fish was determined . In dissecting out the lateral trunk musculature, 

a concerted effort was made to avoid contamination of the .muscle sample 

which could occur if the sample came into contact with the exterior 

surface of the skin . On each side of the fish, a dorso-ventral inci-

sion was made along the anterior margin of the lateral trunk musculature . 

This incision was continued posteriorly just lateral to the mid-dorsal 

and mid-ventral planes . The skin was flayed off and discarded . The 

muscle was cut away from the axial skeleton, and, when sufficient 

tissue was available, the margins, where possible contact with the exter-

ior skin could occur, were tried off and discarded . If there was 

insufficient tissue available, these margins were rinsed sparingly with 

deionized water . For macronekton samples, gill and liver tissue were 

also sampled . The gills (including gill takers) were removed by cutting 

the dorsal and ventral attachments and were rinsed sparingly with deion-

ized water to remove any foreign material . As the last step, the body 

cavity was opened and the liver excised . All tissues once removed were 

handled as described below . 
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iag mantle muscle tissue was rinsed sparingly as required with deioaized 

water to remove any remnants of viscera, etc . and treated as described 

below . 

The shell length and width of each oyster were measured . The 

whole organism was then removed and placed in an acid-cleaned 140 

plastic petri dish . Mucus, particulates and other foreign material 

were washed off with filtered seawater . Portions of the gut contain-

ing ingested material were also removed . The whole oyster was then 

placed in a tared, snap-cap vial and handled as described below . 

The standard length and sex (whenever possible) of each individual 
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placed immediately is a tared snap-cap vial gad weighed immediately to 

determine wet weight . The samples were covered with Pazafilm sad placed 

is a freezer . Whoa sufficient number of samples had accumulated, au 

samples were freeze-dried for 24 to 96 hours to a constant weight . After 

removal from the freeze dryer, the samples were reweighed to determine 

dry weight sad the percentage of moisture lost by each sample was cal- 

To check possible sources of contamination during sample preparation, 

the following experiment was conducted . Eight replicate aliquots o£ flesh 

from a single red snapper (Lutjmtus ecmVechanus) were prepared as described 

above. Two replicates were frozen immediately . Four aliquots were refrig-

erated for 18 hours sad then frozen . During refrigeration one replicate 

received no further freshest . The blade sad of a scalpel which had bees 

used is numerous previous dissections was put directly into the ascend rep-

licate . The blade end of a similar scalpel which had never been used was 

put into the third replicate . The cutting blades of a pair of dissecting 

scissors were put into the fourth aliquot . The remaining two aliquots were 

placed directly onto as acrylic cutting board or a WHATIW Number 1 filter 

paper for 20 minutes at room temperature and then frozen. A11 samples were 

then handled as described below. The only significant contamination observed 

was a Z.30-fold increase is the Cr concentration of the aliquot exposed to 

the scissors . The use of dissecting scissors is sample preparation through-

out the study vas minimized . However, the time of contact between tissue 

and dissecting instruments during this experiment was~much longer than would 

ever occur during actual sample preparation. This experiment suggests that 

the preparation techniques were not a source of sample contamination for 

the eight metals measured. 

At the end of each sample dissection, the tissue sample(s) was 



double redistilled) and to a much lesser extent nitric acid (HNO3, 

double redistilled) since up to 25 ml HNO3 were being used per sample 

digested . To minimize this blank problem, a new lot of HCL04 containing 

considerably lower concentrations of Cd, Cr and Pb was obtained and the 

amount of HIJ03 and HCI.Ol, used to digest each sample was significantly 

reduced . This reduction was realized by changing to as essentially 

closed refluxing system . A 1-3 g dry-weight sample was placed is a 

spoutless, electrolytic style pqrex beaker and 4-5 ml of 70 percent HN03 

per gram of sample and 1 ml total of HCL04 were added . The beaker was 

covered with a 75 mm, non-ribbed pyrex watchglass and allowed to sit 

overnight at room temperature . The mixture was then refluxed at low heat 

on a hotplate for 6-24 hours. A bent glass rod was placed between the 

beaker lip and the watchglass and the heat increased to permit X103 

evaporation. At the first sign of white HCL04 fumes (i .e . when most of 

the BN03 was gone), the glass rod was removed allowing the watchglass 

to again rest flush on top of the beaker . The sample was allowed to 

reflex until cleared completely . If the sample did not clear, an addi-

tional 1 ml HN03 and 0 .5 ml HCL04 were added and the refluxing continued 
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culated . Samples were then stored in a desiccator until analyzed . 

Digestion (Wet Oxidation) of Samples 

Freeze-dried samples were prepared for atomic absorption spectro-

photometric (AAS) analysis using a nitric (HNO3): perchloric (HCL04) 

acid digestion procedure as described is Method 3 of Attachment B to 

the 1976 BLM STOCS contract (AA550-CT6-17) . Unacceptably high procedural 

blanks for Cd, Cr and Pb were observed is preliminary sample digestions 

using this method . 

The primary source of contamination was perchloric acid (HCL04, 



tion of "Micro" detergent and distilled water in covered polyethylene 

pans for up to several days . The glassware was then rinsed thoroughly 

with deionized water and soaked in 3 N reagent grade HN03 in covered 

polyethylene or polypropylene pans until the next use . The centrifuge 

tubes were prepared for use by cleaning is a "Micro" solution . They 

were then filled with 5 N reagent grade HN03, heated for several days 

at 50°C and stored in room temperature until used . Prior to use, the 

tubes were emptied, rinsed thoroughly with deionized water and taxed . 

The 5 dram snap-cap vials used for further dilutions were filled with 

1 N reagent grade X103 and . allowed to sit at roam temperature for sev-

eral days . Prior to use they were emptied, rinsed with deionized water 
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until clearing occurred . This step was repeated once if necessary . 

Finally, the watchglass was removed and the mixture was allowed to evap-

orate to near dryness . 

Each digested sample was transferred to a taxed 30 ml Oak Ridge- 

type, screw-top polypropylene centrifuge tube by washing the beaker 

several times with 0 .1 N HNO3 (BARER ULTRER grade) and pouring the 

resultant solutions into the centrifuge tube . Each sample was brought 

to approximately 25 ml, thereby diluting the original dry weight sample 

10-20 times . The volume of each sample was determined by reweighing 

the filled sample tube and making a small correction (e.g . 1 .01 - 1 .04, 

pH ti 0 .5 - 1) for the specific gravity of the sample solution which was 

determined for each digestion . Insoluble residue which occurred in sig-

nificant amounts in several zooplankton and . fish gill samples was allowed 

to gravity settle in the tubes . Further dilutions from the original 

solution were made on a weight/weight basis in 5 dram snap-cap vials 

using 0 .1 N HN03 . 

All digestion glassware was soaked immediatelq after use in a solu- 



samples during digestion, spike recovery experiments were conducted dur-

ing four different digestions . Three experiments used aliquots of fish 

flesh and one used shrimp flesh . In each experiment two replicate ali-

quots of tissue were placed in separate beakers and digested as described 

above . One aliquot was spiked during initial heating with the following 

amounts of metals : Cd ( .025 ug), Cr (0 .25 ug), Cu (50 ug), Fe (50 ug), 

Ni (2 ug), Pb (0 .5 ug) and Zn (50 ug) . Replicate aliquots of the spike 

were placed in two separate tared centrifuge tubes and brought to 20 ml 

with 0 .1 N EN0g diluent . These two samples were analyzed to determine 

the actual amount of each metal in the spike . The unspiked tissue sample . 

was analyzed to determine the amount of each metal in the sample itself . 

The total amount of each metal expected in the spiked sample was calcu-

lated using these two values . Percent recovery was determined by com- 
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and tared . 

About fifty samples and blanks were digested at any one time using 

the above procedure . Three to five procedural blanks were included in 

each digestion to determine the amount of each metal contributed to the 

samples by the digestion glassware and reagents . These blanks received 

the same reagents and treatment as the tissue samples . An aliquot of the 

0 .1 N HN03 used to transfer and dilute the sample was placed in a cen-

trifuge tube and analyzed with each digestion as a diluent/tube blank . 

Reagent blanks were analyzed for all bottles of acid prior to their use 

in sample digestion . These blanks were prepared by taking a 10 ml of 

acid, evaporating it to near dryness in digestion glassware and trans-

ferring the residue to a centrifuge tube in the same manner described 

above . For each series of dilutions made using 5 dram vials, one or more 

vial blanks were prepared and analyzed . 

To determine if nap of the metals of interest was being lost from 



biological samples from the 1976 STOCS study . Cadmium, Cr, Ni and Pb, 

which occurred at low levels, were measured using flamelesa AAS . These 

analyses were made using a PEB&IN-EIM8 Model 306 atomic absorption 

spectrophotometer equipped with an HGA-2100 graphite furnace atomizer . 

A armory of the instrumental operating conditions and the average pro-

cedural blanks for all eight digestions are given is Table 1 . External 

and internal furnace purge gas flow rates were verified at specified 

levels of 0 .9 and 0 .3 1 per minute repectively at 40 psi delivery pressure . 

Injection vole was 25 u1 . The furnace temperature gauge was calibra-

ted using a clamp-on (inductive) ammeter and an optical pyrometer . Dry, 

char and atomization temperatures and tames were optimized for each 

metal using selected representative samples according to the manufacturer's 

recommendations (Anon., 1974) . Non-resonance lines used for this opti-

mization to estimate the magnitude of broad band molecular absorption for 

various sample types were 225 .5 (Cd), 231.6 (Ni), 282.0 (Pb) and 352 .0 

(Cr) nm . Corrections for non-specific or broad band molecular absorption 

were made by a deuterium arc background corrector . For Cd and Pb, 

sample dilutions 1 1/50 were used for quaatitation, and for Cr and Ni, 

paring the expected amouat of each metal with the actual amount measured 

3a the spiked sample. The average percent recovery was as follows : Cd 

93Z, Cr 94X, Cr 94%, Cu 1072, Fe 93%, Ni 95%, Pb 103% and Za 107 . Con-

sidering the low levels of metals used in the spikes and the precision of 

the analyses, these results were quite acceptable . They indicate that 

there was no significant loos of any of the metals studied during the 

digestion procedure . 

Atomic Absorption Spectroscopy (aAS) Procedures 

Eight elements (Cd, Cr, cu, Fe, Ni, Pb, 0 and Zn) were analyzed is 



1 Electrodeless discharge lamp (EllI.) . Numbers in parentheses are source energy in watts . 
Hollow Cathode Lamb (HCL) . Numbers in parentheses are source current in milliamps . 

Average amount of metal injected giving a signal of .0044 absorbance units . 

3 At lOx scale expansion and approxlmately 1 chart unit ; except Ni at 3x and 2 chart units . 

TABLE 1 

SUMMARY OF OPERATING CONDITIONS FOR Fi.AMELESS ATOMIC ABSORPTION ANALYSIS 

Temperature (°C) Minimum Average 
Element Wavelength Sourcel 7'i me (seconds) Detectable Sensitivity2 Procedural 

(nm) dry char atomize Concentration3 GO Blank 
(PPI)) (11 6 ) 

Cd 228.8 EDL (5) 850 3000 18000 0.025 9 6 

HCL (8) 60 sec 60 sec 8 sec 

Cr 357.9 HCL (10) 850 8000 2600° 1 25 <27 ,r 
00 

60 sec 30 sec 8 sec ,r 
o~ 

N1 232 .0 11CL (20) 850 1200° 25000 4 100 <107 

60 sec 30 sec 8 sec 

Pb 283 .3 EDL (9) 850 5000 20000 0 .3 25 39 

60 sec 60 sec 8 sec 



ing two NBS standard biological reference materials (i.e . X1571 orchard 

leaves and #1577 bovine liver) with each digestion . The results of 

these analyses as compared to NBS values are given in Table 3 . These 

results indicate the AAS techniques used were acceptable . The only 

significant deviation occurred with Fe in orchard leaves . We were con-

sistently below this NBS value using a variety of different batches of 
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dilutions of 9 1/50 . Chemical interference was evaluated and corrected 

as necessary by frequent use of the standard additions technique and 

check dilutions . Mixed standard metal solutions were prepared is dilute 

HN03 (BAKER DLTRE% grade) by diluting concentrated commercial atomic 

absorption standards . Samples were quantitated by peak height comparison 

with bracketing standards injected before and after the sample . Consid-

eration was given to temporal variations in instrumental sensitivity, 

non-linearity between bracketing standards and gross differences in 

peak shape . 

Copper, Fe and Zn were analyzed by flame AAS using a JARREI.L-ASH 

Model 810 atomic absorption spectrophotometer . Analyses were carried 

out following the manufacturers recommended procedure (Anon., 1971 ; 1972) . 

A summary of the operating parameters for these analyses is given in 

Table 2 . Non-specific absorption was monitored by measuring simultaa-

eously the absorbaace of a non-resonance line and the analytical line 

of the element of interest . A fairly lean air-acetylene flame with 

flow rates of circa 7 and 2 .5 1 per minute, respectively, were used for 

all three elements . Aspiration rate was generally 5 to 6 ml per minute . 

Chemical interference was checked by use of the standard additions tech-

nique. Mixed standards used were prepared as described above . 

The accuracy and precision of AAS analysis was evaluated by aaalqz- 



l 
Average concentration giving a signal of .0044 absorbance units . Minimum detectable concentration was 
generally about one half of the sensitivity . 

TABLE 2 

SUMMARY OF OPERATING CONDITIONS FOR FLAME ATOMIZATION ATOMIC ABSORPTION ANALYSIS 

Analytical Non-resonance Sensitivity) Average 
Element Wavelength Wavelength (ppm) Procedural 

(nm) (nm) Blank 

Cu 324 .7 322 .9 0.05 < 75 

Fe 248 .3 247 .3 0.07 <100 
r 

2n 213 .9 220.2 0.02 < 75 00 
F-' 
00 



Bovine liver 
(NBS No . 1577) 

This study (8) 0.31 1 .03 0 .08 ± .01 198 t 22 257 1 68 0 .09 1 .03 0 .39 ± .09 130 ± 13 

NBS values 0 .27 1 .04 <0 .22 193 t 10 270 t 20 <0 .22 0 .34 ± .08 130 ± 10 

r 
a 
r 

Precision) 

This study 18 18 8 18 9 7 

NHS values 18 8 8 7 15 7 

Precision expressed as pcrcenL coefficient of variation i.e . Std . dev./mean x 100 . 

Not certified values . 

25 

12 

TABLE 3 

ACCURACY ANA PRECISION OF ATOMIC ABSORPTION ANALYSIS 

Standard Concentration 
Reference (ppm dry weight ± 1 standard deviation) 
lfaterial Cd Cr Cu Fe Ni Pb n 

Precision ) 

This study 10 13 11 26 33 23 

NBS values 15 NA S 7 NA 24 

Orchard Leaves 
ZNIiS No . 1571 

This study (8) 0 .11 1 .02 2 .2 ± 0 .4 12 ± 1 220 ± 40 1 .1 ± 0 .1 43 ± 3 

NIIS values 0 .11 1 .02 2 .6 ± 0 .2 12 ± 1 300 ± 20 1 .3 ± 0 .2 45 ± 3 

10 

8 

24±6 

25±3 
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effort to implement in the laboratory . A method had to be developed 

for the synthesis of HAP (Sb205 .4H20) since the sole commercial source of 

SAP is in Italy, delivery is slow and the product variable in Na affinity . 

Also large amounts of C1, which are very difficult to remove, are intro-

duced into the samples by using HCL04 as the oxidizing agent . To keep 

C1 below the interference level in the samples, it was necessary to do 

separate, duplicate digestions of each sample for D analysis using hydro-

gen peroxide (H202) as an oxidizing agent (i .e. Method 2, Attachment B, 

1976 contract) . Chlorine concentrations after this digestion procedure 

were at acceptable levels and no further treatment was required . The 

HAP procedure was modified from Girardi and Sabbioni (1968) . A batch 

method was used to remove Na from the sample digests . The FiN03 :H202 

digest of a 0 .5 to 1 g dry-weight sample was added to a 50 ml screw-top, 

AA standards . We feel that this plant material may be resistant to com-

plete disillusion by HN03 :HCL04 and are trying other digestion procedures . 

Analysis of Vanadium in Organisms 

The sensitivity for 0 determination by AAS analysis is very, low 

with a minimum detectable quantity of = 100 ng . Instrumental neutron 

activation analysis (INAA) was prescribed by BLM in Attachment B to the 

1976 STOCS Study Contract in an effort to improve the sensitivity of V 

analysis . The primary difficulty that must be overcome when using INAA 

for V in marine organisms is interference from Na-24 and C1-38 background 

levels produced during irradiation. BLX prescribed the use of sulfuric 

acid (H2SO4) and hydrated antimony pentoxide (HAP) as pre-irradiation 

chemistry reagents for the removal of C1 and Na, respectively, from acid 

digests of organism samples . 

These pre-irradiation chemical separations required considerable 



monitor was counted by a multi-channel pulse height analyzer . After an 

appropriate delay period (usually 3-5 minutes, so that the dead time was 

< 30 percent), the irradiated sample was placed on a ORTEC GE (Li) 

detector and counted using a separate GEOS Quanta 4096 channel pulse 

height analyzer . After a 5-minute counting period, the spectres was 

stored on magnetic tape . 

Data reduction was done using the program SEVESY (Schlueter, 1972) . 

This program calculates peak intensities and converts them to concen-

tratioa by comparison with standards . Corrections were made for vary-

ing delay times, dead times and neutron fluxes . 
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polyethylene centrifuge tube containing from 0 .1 to 0 .5 g of HAP . 

Enough 70 percent X103 was added to provide a final acid concentration 

of about 10 N. After shaking for 5 minutes, the samples were centri-

fuged and the supernatant poured into a 50 ml teflon beaker . This 

step was repeated using 10 ml of 70 percent SNOB . The teflon beaker 

contents were then evaporated to a volume which could conveniently be 

poured into a 1 .5 ml irradiation polpvial used by the Texas A & M Univ-

ersity Nuclear Science Center . The vial was heat-sealed to prevent 

sample loss during analysis . 

Each sample was irradiated separately for 2 minutes by a 1 MW TRIGA 

REACTOR . This process was facilitated by a pneumatic transport system 

which can rapidly transfer samples is and out of the reactor core . The 

sample was first placed in a secondary poly vial, together with an alum-

room flux monitor, before being transported to a core for irradiation . 

Standards prepared from commercial AAS standards or pure metals were 

used . 

After return of the sample and a 1-minute delay, the aluminum flux 
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elements from a single irradiation . Concurrent with 0 analysis, the 

concentrations of A1, Ca and Cu were determined . However, the analyti-

cal conditions could not be optimized for all four elements during a 

single irradiation . The sensitivity for Al was good and the Al concen-

tration data satisfactory . However, the sensitivity for Ca was marginal 

and many of the samples were below the detection limit which was quite 

variable and often very high . The sensitivity for Cu was very poor and 

almost all the samples were below the elevated detection limit . These 

less-than values were consistent with Cu concentrations for the same 

samples determined by AAS analysis, but are of no practical use and are 

not reported is the raw data tabulation in Table 1, Appendix N . 

In spite of achieving acceptable levels of Na and C1 is the sample 

digests, the average minims detectable quantity (MDQ) for O by IN" under 

the conditions used is this study was about 60 ng . Many samples were 

below the limit of detection . This relatively poor sensitivity was appar-

ently due to interference from the considerable remaining sample matrix . 

This problem was exacerbated by the fact that the concentration in many 

samples was low (ti .e., 0 .3 ppm), and relatively large samples were required 

to get a sufficient amount of 0 for analysis . Another problem on a small 

percentage of samples was Sb carryover to the treated samples . Although 

Sb lends no direct interference to INAA determination of 0, its neutron 

cross-section is large enough to render the sample sufficiently "hot" after 

even 2 minutes irradiation to increase tie dead time to a prohibitive level . 

Sometimes this situation can be compensated for by altering the counting 

geometry. In either case, the sensitivity for detecting 0-52 is severely 

reduced and moat often no usable data derived . 

One characteristic of IIdAA is its capability for analyzing several 



sample groups specified in the 1976 STOCS contract (AA550-CT6-17) : Zoo-

plankton (ZPL), Macroepifauna and demersal fish (EPI) and macronekton 

(MNR) . These three groups are further divided into seven groups of sim-

ilar types of organisms or tissues : zooplanlcton, shrimp, squid, oyster, 

fish muscle, fish livers and fish gills . These seven groups included 

twenty-nine identified species of marine organisms and zooplankton . This 

table emphasizes that there were only a few individual samples for a 

single species and no species provided significant coverage of the STOCS 

study area in either space or time . This situation resulted from both 

the difficulty of consistently sampling the same species at selected 

locations over a gear and the contract requirement to analyze the three 

dominant EPZ species at each traasect station each season regardless of 

species . For MII1R, the situation was better because there were essen-

tially only two species at two stations . However, these :'= samples were 

spread over eight separate sampling periods during the year . Thus, 

temporal and spatial intraspecific comparisons within the STOCS study 

area, based on reasonable numbers of samples, were generally not justi-

fied with this data set . To make such comparisons, individual species 
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RESULTS AND DISCUSSION 

Table 1, Appendix N, gives the complete trace metals project data 

set and includes the concentrations of 10 elements in 312 samples . Alum-

room, Ca and V data are missing from several samples for one of two 

reasons . First, Sb carryover is some samples prepared for INAA resulted 

is excessive background activity as discussed under Methods . For a few 

samples, no additional sample material was available for the separate 

HN03 :H202 required for INAA sample preparation . 

Table 4 summarizes the 312 samples analyzed according to the major 



Species collection data 
Number of Number of Number of Number 

Sample type and species Seasons Transect Bank of 
Sampled Stations Stations Samples 

Sampled Sampled Analyzed 

Zooplankton (LPL) 

Macroepifauna and 
demersal fish (EPI) 

A . Shrimp (flesh) 
1 . Penaeus aztecus 
2 . Penaeus aetiferus 
3 . Solenocera vioscai 
4 . Parpandalus sp. 

B . Squid (flesh) 
1 . Loligo ep alai 
2 . Loliguncula brevis 

C . Demersal fish (flesh) 
1 . Chloroscombrus chrysurus 
2 . Cynoscion arenarius 
3 . Gonioplectrus hispanus 
4 . Larimus fasciatus 
5 . Leiostomus xanthurus 
6 . Lutlanua campechanus 
7 . Micropogon undulatus 
8 . Peprilus burti 
9 . Polydactylus octonemus 

10 . Prionotus paralatus 

00 
1 
N 

2 2 - 5 
2 2 - 4 
1 1 - 1 
1 1 - 1 
1 1 - 3 
1 1 - 1 
1 2 - 2 
2 2 - 4 
2 2 - 2 
2 2 - 2 

TABLE k 

ANALYSES BY SAMPLE TYPE, SPECIES AND COLLECTION DATA 

3 12 - 62 

3 7 - 9 
2 2 - 5 
2 1 - 4 
1 1 - 1 

3 7 - 12 
2 2 - 2 



Species collection data 
Number of Number of Number of Number 

Sample type and species Seasons Transect Bank of 
Sampled Stations Stations Samples 

Sampled Sampled Analyzed 

C . Demersal fish (cont .) 
11 . Pristipomoides aquilonarie 3 5 - 28 
12 . Serranus atrabranchus 2 7 - 11 
13 . Stenotomus caprinus 3 7 - 
14 . Syacium gunteri 1 4 - 
15 . Synodus foetens 3 7 - 10 
16 . Trachurus lathemi 3 7 - 12 ~, 
17 . Trichopsetta ventralis 1 1 - 1 a° t 
18 . Upeneus ap rws 3 4 - S 

D . Miscellaneous Invertebrates 
1 . Callinectes similis 1 1 - 1 

(crab, whole) 
2 . Squilla em usa 1 1 - 1 

(stomatopod, flesh) 
3 . Spondylus americanus 1 - 5 15 

(oyster, whole) 

Macronekton 

A. Flesh 
1 . Holocentrus rufus 1 - 1 1 
2 . Lut anus campechanus 8 - 6 16 
3 . Rhomboplitea surorubens 9 - 6 14 

B . Liver 
1 . Holocentrus rufus 1 - 1 1 
2 . Lut anus campechanus 8 - 6 16 
3 . Rhomboplitea aurorubens 8 - 6 12 

TABLE 4 CONT .'D 



C . Gills 
1 . Holocentrus rufus 1 - 1 1 
2 . Lut anus campechanus 8 - 6 16 

3 . Rhomboplites aurorubens 9 - 6 14 

r 
00 

N 

TABLE 4 CONT .'D 

Species collection data 
Number of Number of Number of Number 

Sample type and species Seasons Transect Bank of 
Sampled Stations Stations Samples 

Sampled Sampled Analyzed 



above seven groups for 1976 with similar data from 1975 analyses . These 

annual averages, although derived by grouping several similar species, 

provide a concise and general way of comparing differences in trace metal 

concentrations among different types of organisms and between the same 

kind of organisms from two consecutive years . These averages for both 

years were calculated using all less-than values at the indicated limit 

of detection to avoid excluding too much data from consideration . In 

1975, there were undetectable values only for V and this was predominantly 

in EPI and MJR flesh samples . There were few undetectable values for the 

other metals due to the systematic overestimation of the concentrations 

of several metals is many sample types for reasons discussed later (cf . 18-33) . 

In 1976, there were more undetectable values as a result of the more 

sensitive flameless AAS analysis used . Fish flesh had the most frequent 

undetectable values for Cr, Ni and n and less frequently for Cd and Pb . 

Undetectable values for the same metals also occurred infrequently in 

shrimp and squid samples . Because less-than values were used in these 

calculations, the true means for the above elements and sample groups were 

lower than indicated values . However, since the 1976 detection limits 

for Cd, Cr, Ni and Pb were quite low (i .e . < 0 .01 to 0 .1 ppm dry weight), 
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must be organized into larger, meaningful groups . 

The groups selected for discussion in this report were zooplankton, 

fish muscle (' flesh), fish liver, fish gills, shrimp flesh, squid flesh 

and SportdyZus cvrtericanus (spiny oyster, whole organism) . The zooplankton 

were a diverse group resulting from a specific sampling technique, and no 

sorting was done on the resultant samples . The fish-flesh group included 

samples of rIIdK from six bank stations and EPI from 12 transect stations, 

and, thus, was the group which had the largest geographical distribution . 

Table 5 compares the annual mean concentrations of 10 elements in the 



TABLE 5 

COMPARISON OF ANNUAL AVERAGES OF TRACE METALS IN MAJOR SAMPLE TYPES FROM 1975 AND 1976 

Number Number Year 
of Species of Samples Collected 

- 62 1976 

- 70 1975 

Cd Cc Cu 

2 .911 .4 4 .314 .2 20122 

3 .511 .5 4 .412 .6 131 7 

0.02 :0.02 0.0410 .03 1 .110 .5 

0.1110.07 1 .811 .3 1 .210 .6 

0.8211.20 0 .1230 .07 2 .912 .5 

0 .6730 .25 3.830 .2 1 .010 .4 

7 .218 .5 0 .0710.05 25123 

4 .511 .4 2.230.2 121 2 

U.09:t0 .08 0 .0430.02 2418.6 

0 .1510 .07 1 .810.8 251 4 

0 .2210 .20 0 .0310.02 17117 

0 .1910 .54 2 .712 .5 103 4 

24318 2.611 .7 26135 

31 
6 

29 

6 

19 

29 

14 

24 

15 

1976 

1975 

1916 

1975 

1976 

1915 

1976 

1975 

1976 

N 

1 
N 
00 

433 0.2110.14 O .Odt0 .06 0.510 .9 631 18 79!40 180011700 

- 0.9710.66 0 .8630 .50 2 .210.8 51! 9 - 

515 0 .1610 .12 0 .1330 .10 0 .210.2 471 8 31114 4901250 

- 5 .4±10 1 .0!0 .58 2.6±O.8 441 7 - - 

140.02 41±17 3.312 .9 937 1701 99 500!1500 330012100 

Shrimp 

(E!'1) 

Squid 

(EPI) 

6 . amer icanus 

(oyster, TOPO) 

4 

5 

2 

1 

1 

Sample 
Type 

Zooplankwn 

(ZPI.) 

Fish Muscle 

(EP I, !WK/TOPO) 

Fish Cilia 

(MNK/1'OPO) 

Fish Livers 

(lQJK/1'OPO) 

20 

16 

3 

1 

3 

1 

140 

118 

1916 
1975 

ntration_ (plm_drv uelKh t t 1 standard deviation) 
Fe Ni Pb V Zn A1 Ca 

2100:3000 6 .61 6.2 20145 13!22 1201170 310035600 34000122000 

- 7 .11 3.4 111 9 17!15 1131 38 - - 

614 0 .0910 .06 0 .0530 .05 0.210 .3 121 7 26113 21001 5500 

- 1 .0 31 .1 0 .9710.52 1 .811 .4 161 6 - 

140170 0.4810 .14 1 .4t1 .6 212 823 48 110140 75000138000 

116110 4 .6 10 .4 7 .911 .8 - 641 1 - -

8501640 0.24±0 .22 0 .3810 .36 336 320350 791120 62000169000 

5631176 0.81t0 .10 2 .812 .4 - 1601 67 - 



;gym total of the eight metals is each one . The relative positions of 

my the first three groups changed using the second criteria . Zooplank-

on dad the highest total metal context (2 .3 mg/g) with livers second 

1 .2 mg) sad oysters third (0 .42 mg) . Gills had a total of 0 .23 ug with 

he three remaining groups all having <0 .1 mg . Zoop2aakton were first 

solely because of the extremely high concentration of Fe . Comparfag 

:he A1 sad Fe concentrations in all groups with the mean concentrations 

)f these metals in bottom sediments from the study area (Berryhi2l, 1977), 

suggested how significant the incorporation of iron-bearing aluminosili- 

overestimation of these means should not be excessive and should not 

act the relationships in these general comparisons . 

Two approaches were used to characterize systematically the relative 

els of trace metals among the groups is Table 5 . The first approach 

to rank the groups numerically from one to seven for each of eight 

als (except A1, Ca) . The average ranking for each group was they 

,culated (ti.e . sum of ranks for each group/eight) . SpandyZua has gea-

aly the highest trace metals concentrations with zooplaakton having a 

Lghtlq lower level . The order of the remaining groups was liver, gill, 

-imp, squid and fish-flesh . Liver and gill tissues sowed a complimea" 

ry distribution of several .metals . Livers had higher concentrations 

the metabolically important metals, Cu, Fe and Za as well as Cd . 

Us bad higher levels of A1., Cr, Ni and Pb which do not form organic 

mplexes as readily as do the metabolically active metals . Aluminum, 

and Ni may tend to be incorporated in the non-living portions of tissues 

:ch as boas and cartilage. The higher levels of Al, Cr and Ni in gills 

.ght result from the fact that gill samples included a larger proportion 

these non-living, structural tissues than did liver samples . 

The second approach was to order the seven groups according to the 



how small a change in the concentration of one of the trace metals could 

be detected during some future monitoring program. Relative variability 

in trace metals content among the seven groups (Table 5) was quantita-

lively characterized in two ways . First, the mean percent coefficient 

of variation (C .V .) for eight metals was calculated for each group 

(percent C .D . = std . dev ./mean x 100) . Zooplankton had the greatest 

variability in trace metals concentrations (percent C .V . = 128) with liver 

samples second (percent C .O . = 105) . The remaining groups in order of 

decreasing variability were fish flesh, gills, shrimp, squid and oysters 

(percent C .V . = 85, 84, 77, 74, 74, respectively) . The high variability 

in trace metal content among zooplanlcton samples was most likely a 

result of the variable species composition of the samples and the 

variable incorporation of aluminosilicate detritus by zooplankton 

over space and time . Several factors contributed to variability 

is the remaining groups . A small amount of the observed variability 
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sates is in each sample type . This comparison showed that such incorpor-

ation was only significant for zooplankton and was the most likely expla-

nation for the high Fe concentration in this group . Livers were second 

on the basis of total metal content because of the higher concentrations 

of the important metabolites, Fe and Zn, in this metabolically active 

tissue . Oysters were third because this group had relatively high con-

centrations of all metals but none matched the high levels that occurred 

in zooplankton or livers . The remaining four groups were in the same 

relative order according to both criteria . They had generally lower con-

centrations of most metals with expected higher concentrations for only 

the metabolically active metals, Cu, Fe and Zn . 

Variability in this data is one of the key factors in determining 



content (Table 5) was to calculate for each metal (except A1, Ca) the 

average of the individual percent coefficients of variation from each of 

the seven sample groups . Nickel had the lowest variability (percent C .D .= 

66) . The remaining elements in order of increasing variability were Zn, 

Cr, Fe, Cu, Cd, Pb and D (percent C .O . = 67, 71, 81, 86, 97, 112, 137, 

respectively) . Zinc had the lowest variability among the three metaboli-

cally important elements, Cu, Fe and Za . This fact suggests that Zn 

metabolism in the organisms sampled may be more independent of environ-

mental and organismal factors than Cu and Fe metabolism . Copper and Fe 

are directly involved in respiration, a physiological process sensitive 
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resulted from lumping several different species in a single group . For 

example, similar calculations on single species yielded mean percent 

coefficients of variations which represented only moderate reductions 

from the group averages (P. aat2cus, 56 ; L. peaZei, 78 ; and P. aquiZonaris, 

64) . Some variability may have been an artifact of including less-than 

values when calculating the averages and variances for many sample groups . 

Some variability could also arise from differences in sample preparation 

techniques such as taking tissue from different body areas of various 

individuals for a pooled sample or from individuals of very different 

size, etc . The contribution from this factor should be small because an 

effort was made during preparation to minimize these differences . Much 

of the variability may be simply that naturally found in similar individ-

uals of the same species from nay one place and time . This suggestion 

was supported by data from the separate analyses of 12 individual P. aqui-

Zaruzris from the same trawl . The percent coefficients of variation for 

Cu, Fe and in from these samples were 20, 42 and 58, respectively (mean 

percent C .V . = 40) . 

The second way of examining the relative variability in trace metals 



concentrations is the same sample groups for 1975 and 1976 (Table 5) . 

First, Fe data was obtained in 1975 from only a limited number of zoo-

plankton, shrimp and squid samples . This 1975 Fe data cannot be realist-

ically compared with 1976 Fe values for these groups . Second, between 

different years of this study, an effort was made in 1976 to analyze the 

same species that were analyzed in 1975 . Consequently, the species compo- 
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to environmental change . Cadmium and Pb both had higher variability . 

Their distribution in the marine environment is significantly affected 

by man's activity . Consequently, with industrial point sources along 

the Texas coast and changeable transport processes, the distribution 

of Cd and Pb and their resultant incorporation into organisms would be 

expected to be quite variable within the STOCS study area . 

The amount of variability in this data set would permit the detec- 

tion of only large-scale concentration changes (on the order of several-

fold) . Variability fn trace metal data from this study must be reduced, 

if possible . Some reduction may be possible by further analysis of the 

data involving factors related to sample composition . However, the most 

direct approach would be to maintain the same analyses effort, but con-

centrate on fewer species and analyze a significant number of each species . 

With the current sampling program, this approach would result in some 

missing values from the station - season data matrix . However, such 

missing data would probably have a small effect on our ability to make 

projections about any part of the study area . The important gain would 

be the probable decrease in data variability and the resultant increase 

in our capability to detect smaller-scale changes in organismal trace 

metal content . 

Three factors must be considered when comparing mean trace metals 



less atomic absorption spectrophotometry (AAS) analysis for Cd, Cr, Ni and 

Pb because low levels of these metals were encountered is the organisms 

sampled . Analysis of seven elements (except A1, Ca, V) in 1975 wax by 

flame atomization AAS . The concentrations of trace metals i a zoaplankton 

samples from 1975 and 1976 were very similar (Table 5) . This fact demon-

strates that the different AAS techniques used in 1975 sad 1976 gave com-

parable results when the metals analyzed were at concentrations above the 

detection limits for flame AAS . For other sample groups, the 1976 mean 

values of Cr, Ni and Pb were significantly lower than those from 1975 . 

It is clear sow that this difference is as artifact due to errors in the 

1975 data . Reanalyses of 1975 samples is 1976 (Table 6) shows that the 

concentrations of Cr, Ni sad Pb is the involved sample types are below 

the detection limits of flame AAS . Determination of the concentrations 

of Cr, Ni and Pb in these samples by flame AAS resulted in a systematic 

overestimation of the true concentrations . The situation was similar for 

Cd, but since the sensitivity of Cd analyses by flame AAS is much better 

than for Cr, Ni sad Pb, the overestimation was of a smaller magnitude . 

sition of the seven sample groups was quite similar for both 1975 and 

1976, although the proportion of any species within a given sample group 

varied between gears . In general, over 90% of the samples is each group 

were from the same species in both years . Liver and gill tissues from 

only 8hombopZites aurorubena were analyzed in 1975 as compared with simi-

lar tissues from thin same species plus Lutjanus cwrpechmnaus in 1976 . No 

SportdyZus or molluscs of any kind were analyzed in 1975 . 

The third factor eras the change in 1976 to the more sensitive flame- 



For 1975 gill and liver samples, the Cd concentration was high enough to 

permit accurate analysis by flame AAS . 

This conclusion concerning Cd, Cr, Ni and Pb levels in 1975 and 1976 

samples was supported by two additional checks which were made in 1976 . 

As discussed in the Methods, several spike recovery experiments showed 

that there was no significant loss of any metals studied using the 1976 

procedures for sample digestion . Second, homogenized freeze-dried samples 

which had been collected, prepared and analyzed in 1975 were reanalyzed 

this gear . Table 6 summarizes results from the reanalyses of fourteen 1975 

samples in 1976 and compares this data with results from the 1975 analyses 

of the same samples . The agreement between 1975 and 1976 analyses of the 

zooplankton sample was good for all metals . Zinc and Cu concentrations in 

the remaining species also agreed well . The concentrations of Cd, Cr, Ni 

and Pb in these species were all much lower in the replicate aliquots 

reanalyzed in 1976 . As discussed above, the 1975 data are artifacts from 

trying to determine the concentrations of these metals by flame AAS in 

samples where the actual concentrations were below the detection limits for 

this method . However, these differences due to changes in analytical tech-

piques cannot account for all of the differences for the same metals and 

species observed between samples collected, prepared and analyzed in 1975 

(Table 6) or 1976 (Tables 7 and 9) . The remaining difference could be due 

to a change in metals levels in STOCS biota between 1975 and 1976 or a 

result of some contamination of 1975 samples during preparation . Our 

current data is inadequate to distinguish between these two possibilities . 

Considering the above three factors, comparisons between 1975 and 1976 

trace metals concentrations in each sample group (Table 5) can be 

discussed . The mean concentrations for both years were generally quite 



Sample Number of Year Concentration (ppm dry weight t 1 standard deviation) 
Description Samples Analyzed 

Reanalyzed Cd Cr Cu Ni Pb Zn 

Zooplankton 1 1976 2 .70 4 .7 13 6 .7 3 .7 140 

1975 2 .86 4 .1 8 .6 11 . 3 .5 130 

Penaeus aztecue 4 1976 0 .0610 .02 0 .89±0 .90 2611 .3 0 .6510 .54 0 .12±0 .04 50±2 .4 

1975 0 .15±0 .05 2 .25±0 .9 2612 .1 1 .6±1 .1 0 .85±0 .33 4713 .3 

Loligo ep alai 4 1976 0 .10±0 .07 1 .0±1 .0 12±6 .4 0 .7110 .70 0 .25±0 .19 39±5 .5 

1975 0 .17±0.04 3 .211 .1 11±4 .2 2 .010 .8 1 .2±0 .6 42}8 .1 

Lut anus campechanus 1 1976 <0 .01 0 .04 0 .8 <0 .05 <0 .05 12 

1975 0 .11 1 .4 0 .9 1 .1 1 .1 11 

Prionotus paralatus 1 1976 0 .02 0 .38 0 .9 0 .25 0 .47 15 

1975 0 .11 2 .6 0 .8 0 .8 1 .5 16 

Pristlpomoides 2 1976 0 .09±0 .06 0 .15±0 .18 1 .1±1 .0 O .OSf0 .01 0 .16±0 .17 22±13 

aquilonaris 1975 0 .08±0 .03 1 .611 .1 1 .1f0 .2 0 .5±0 .5 0 .6±0 .4 18± 8 

Rhomboplites 1 1976 0 .03 0 .22 1 .1 0 .11 0,17 11 

aurorubens 1975 0 .13 1 .7 1 .2 1 .5 2 .0 11 

m 
i 
w 

TABLE 6 

COMPARISON OF AVERAGE TRACE METALS CONCENTRATIONS IN 
SAMPLES COLLECTED AND ANALYZED IN 1975 and REANALYZED IN 1976 



similar for every sample group . No significant differences were found 

between the mean concentrations of seven trace metals (Table 5) in zoo-

plankton from 1975 and 1976 . For fish flesh, shrimp and squid, only Cu 

and Za data from both years could be compared . The levels of these two 

trace metals were similar in 1975 and 1976 within all three groups . 

Similar 1975/1976 comparisons of annual mean concentrations of trace 

metals were made involving individual species of fish (P. aquitortaris, 

S . atrobrcuzchus, S. ccmrinus, T. Zaticcani), shrimp (P. aztecus) and 

squid (L. peaZei) with sufficient samples analyzed in both 1975 and 1976 . 

The results were the same as for the sample groups' comparisons within 

each species, i.e . Cu, Zn levels from both years were similar . This 

observation showed that Cu and Zn concentrations among individual species 

of fish, shrimp or squid were generally uniform . Thus, comparisons 

within a given grouping of similar species gives similar results as com-

parisons within each individual species making up a significant portion 

of that group . Vanadium was undetectable in many fish flesh, shrimp and 

squid samples from both years . The differences is mean n levels between 

the two years (Table 5) in these three groups was simply a reflection of 

increased sensitivity of the V analysis techniques used in 1976 (see 

Methods) . Gill and liver tissues from only RhomCOptites were analyzed 

is 1975 . Cadmium, Cu, Fe and Zn data in 1975 can be realistically com-

pared to 1976 data for reasons discussed above . The 1975 levels of the 

four metals in both tissues were lower than similar data from 1976 Rhombo-

pZites samples . One possible reason was that five of the six 1975 gill 

samples came from bank stations not sampled in 1976 . 

The comparisons of 1975 and 1976 data discussed above, allow the 

detection of changes in trace metals levels which occur over a large 
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to those of previous studies (Sins, 1975 ; Martin and Kaauer, 1973) . 

Several 1976 zooplankton samples showed extremely high Pb concentrations 

suggestive of contamination . These samples also showed relatively high 

Fe concentrations, probably due to incorporation of aluminosilicate 

detritus . However, the concentration of Pb in such detritus (Berryhill, 

1977) was too low to account for the high Pb levels observed . Two 

samples of shipboard contaminants (paint chips and lube oil) were 

analyzed is 1976 (Table 2, Appendix N) . The observed Pb contamination 

did not appear to involve inclusion of either of these contaminants in 

the samples . Only Cr in lobe oil was at a sufficiently high concentra-

tion to contaminate samples . Iron, Pb and Zn concentrations in paint 
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portion of the STOCS study area during an entire gear . However, to detect 

changes on smaller geographical and temporal scales requires comparisons 

of trace metals data collected at several different times from stations 

located throughout the study area . Such geographical and seasonal com-

parisons of trace metals data for each sample group are discussed in 

separate sections below. Similar comparisons, as well as annual mean 

trace metals levels, are given for individual species with sufficient 

numbers of samples analyzed in 1976 . Such intraspecific comparisons 

were, however, often based on only two-to-five samples per season or 

geographic area (e .g. all samples from Transect I, all samples from a12 

inshore stations 1/I, 1/II, 1/III, 1/IV, etc .) . Comparisons among indi-

vidual stations (e .g. 1/I vs 2/I, etc .) were infeasible because replica-

tion of samples at individual stations for any species was too infre-

quent . 

Zooplankton 

The levels observed in zooplankton (Table 5) were generally similar 
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The mesa trace metals concentrations observed in 1976 (Table 5) were 

chips were high enough to contaminate zooplankton samples, but the con-

terminated zooplankton samples showed no elevated Zn levels . 

The mean trace metals concentrations were generally similar among 

the three seasons sampled . However, incorporation of suspended matter 

was distinctly lower is the spring samples as shown by the lower Al, Fe 

and V concentrations . 

Several geographic trends were apparent is the 1976 zooplaakton data . 

The incorporation of aluminoailicate detritus appeared to be maximum in 

the samples from Transect III . The amount of incorporation eras also maxi-

mum at inshore stations and decreased with increasing distance from shore . 

This tread was reflected by decreasing concentrations of Al, Cr, Fe and 

0 offshore since these metals occurred in significant concentrations in 

aluminosilicate detritus . This tread also correlated well with the 

decreasing amount of alum-In silicate-rich suspended matter offshore 

(Berryhill, 1977), 

Copper, Ni and Pb concentrations generally decreased from north to 

south . A decrease in Pb concentrations away from shore was also apparent . 

This tread was probably a result of offshore samples being farther away 

from coastal sources of Pb input to the STOCS area . Cadmium showed the 

reverse trend from Pb . The Cd increase offshore, also observed is 1975, 

correlated with the decrease in zooplankton biomass observed offshore 

(sea Dr . Park's zooplankton report) . This tread suggested a dilution 

phenomenon where, as the zooplankton biomass increased, the amount of Cd 

accumulated per unit biomass decreased . The opposite treads for Pb and 

Cd suggest that more Cd than rb was transported offshore . Another possi-

bility would be an additional source of Cd offshore such as gas seep . 

Fish Muscle 



The low and uniform levels of trace metals in fish flesh provide a 

potentially good opportunity for detecting any future increases of metals 

in the STOCS study area due to man's activities . However, many fish 

flesh samples in 1976 were below the limits of detection even by flameless 

AAS . These less-than values will permit the detection of any future 

increases in trace metals levels, but not with the resolution provided 

by knowing the actual concentrations in the samples . Such actual concen-

tration data, unless quite variable, would allow the early detection of 

small increases . To measure these low levels would require additional 

separation and concentration techniques with greater potential for sample 

contamination . These procedures would significantly increase sample prep- 
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similar to those reported in earlier studies, except that Cr and Ni were 

generally lower (Goldberg, 1972) . The trace metals in fish muscle data 

were very uniform with no major seasonal or geographic trends . Even 

RhombapZites and Lutjanus collected at six bank stations had flesh trace 

metals levels similar to fish collected from the 12 transect stations . 

Adequate annual baseline trace metals data were obtained for seven species 

of fish which had a sufficient number of samples distributed among several 

stations and two or more seasons analyzed in 1976 (Table 7) . The only 

significant difference in metals levels among these species was that 

T. Z¢thcarri had significantly higher levels of Fe and Zn than several of 

the other species . Intraspecific comparisons of trace metals data by 

seasons and sampling stations were made . Again, no significant trends 

were observed . For several species, Fe levels in winter samples were 

higher than in samples from the other two seasons . No differences between 

any of the bank stations or seasons for either of the two major macro-

nekton species (L. cmrrpechca2us, R. auroruberts) were observed . 



Lut anus 
campechenua 

Prietlpomoidee 
oquilonarie 

lthomboplitea 
aurorubena 

Serranue 
atrobranchua 

Stenotomua 
captious 

Synodus 
foetens 

Trachurua 
lathaal 

N 
OD 
I 

O 

12 0 .0510 .03 0 .0430.05 2 .110 .) 1316 .1 0 .1310 .10 0 .0710 .04 O .1f0 .1 2114 .1 201 8 710± 240 

Species 

TABLE 7 

AVERAGE CONCENTRATIONS OF TRACE METALS IN FISH MUSCLE IN 1976 

Number of Concentration _ (ppm dry weight 2 1 standard deviation) 
Samples Cd Cr Cu Fe N1 Pb V Zn A1 Ca 

17 0.0310 .00 0 .0310 .01 0.810.3 5.412 .8 0 .06*0.02 0 .0330 .01 0 .210.1 12110 31125 43001 7000 

28 0.02:0 .02 0 .0410 .04 1 .310.5 3.811 .8 0.0810.03 0 .0410 .02 0 .2:0.1 8 .214 .8 28t10 16001 3000 

14 0 .0110 .01 0 .0310 .03 1 30.2 6 .922 .7 0.0530.02 0.0310 .02 0 .210 .1 11t6 .3 211 7 6600313000 

11 0 .0210 .O1 0 .0310 .01 0 .830.3 2 .911.5 0.0810.02 0.0410 .04 0.210 .1 8.513.8 28s 7 10003 300 

9 0 .0210 .01 0 .0310.01 0 .910 .2 4 .631 .9 0.1010 .03 0 .0520.04 0 .210 .1 1133 .7 28113 8201 490 

10 0.0110.01 0.0310.01 0 .910 .3 3.612 .0 0.06f0 .01 0 .1010.13 0.210 .1 1214 .1 231 6 9201 410 
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Shrimp 

Trace metals levels in shrimp (Table 5) were generally similar with 

those of other studies (Suns and Presley, 1976) . The 1976 shrimp trace 

metals data were quite uniform . No seasonal or geographic trends were 

aration time . 

Fish Gill and Liver Tissue 

Adequate baseline trace metals data were obtained for liver and gill 

tissues from two species of fish, but only for two bank stations where 

each species was sampled several times (Table 8) . Copper and Fe concen-

trations were higher in livers than gills, as would be expected for this 

metabolically active tissue . Cadmium vas significantly higher in liver 

tissue from both species than in the gills . 

Trace metals levels in both tissues of RhombopZites were generally 

not significantly different from levels in the same tissues from Lutjanus . 

At Hospital Rock, RhombopZites gill and liver tissue had significantly 

greater Cd concentrations than did Lutjmcus gills and livers. However, 

is almost all cases (31/36 comparisons) the metals levels in Rhomboptites 

gill and liver tissue at each station were higher than those in similar 

tissues from Lutjanus from the same station . Both species were collected 

at the same time from the same station . One possible reason for this con-

sistent difference is differential exposure of the two species to metals 

caused by differences in habits or diets . Within each species, the con-

centrations of all metals studied in each tissue were similar for both 

Hospital Rock and Southern Bank. 

No seasonal trends is trace metals concentrations in gill and liver 

tissue from either species were observed . The data were quite variable 

making small trends difficult to see . 



Rhombo Lp lies HB 3 L 15 t4 0 .1310 .08 141 4 1900i1100 0 .6730 .40 0.7610.47 431 490!350 631 24 1300001180000 

aurorubens SB 5 L 8.8 26 .4 0.080.03 341 46 11001 640 0.200 .06 0 .36x0 .22 110 .5 3401390 30± 19 500003 69000 

HR - Hospital Rock; SB - Southern Bank 

2 G - gill tissue ; 4 - liver tissue . 

TABLE 8 

AVERAGE CONCENTRATIONS OF TRACE METALS IN FISH GILL AND LIVER TISSUE IN 1976 

Bank Number of y ~ Concentration (pP~o dry weight 3 1 standard deviation)__- 
Speciea Station Samples Tlaeue Cd Cr Cu Fe Ni Pb V Zn A1 Ca 

l.ut anus Ilk 6 C 0 .1610 .14 0 .1030.06 1 .820 .8 1001 44 0.5010.18 1 .0 11 .7 0.50.2 723 23 931100 910001 38000 

campechanus SB 6 G 0 .4910 .43 0 .1010 .07 1 .510 .6 1102 32 0 .4410 .20 0 .5410 .29 0 .610 .2 741 32 1101 98 1100001 19000 

Rhomboplites HR 3 G 0 .62±0 .10 0 .2120 .10 2.71.0 2401 110 0 .6010.13 3 .3 13 .9 6 160!140 220 12700 

aurorubena SR 7 G 2 .1411 .82 0 .1210 .07 4 .313 .9 1603 76 0.4210.10 1 .6 31 .4 211 751 8 761 60 660001 43000 
r 

LutJenue NH 6 L 1 .5 30.6 0 .0530 .01 22123 6801 300 0 .1410 .08 0.2430 .08 0 .910.7 130! 54 1201130 250001 28000 ,c 
N 

campechanue SB 6 L 1 .6 10.5 0 .0610 .02 131 6 3501 150 0 .1410 .07 0.2130 .14 0 .410 .1 1131 30 32± 5 580001 50000 



collected over a 2 to 3 week period . Compared to sediment trace metals 

levels (Berryhill, 1977), Cd, Cu, Ni and Zn were enriched is SportdyZus . 

The enrichment in Ni was especially noteworthy since Ni was generally 

very low in the other organisms analyzed . The concentrations of A1 and 

Fe were generally low, showing that incorporation of aluminosilicate 

detritus was not a significant source of trace metals . The levels 
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apparent . No significant interspecific differences were found . Adequate 

annual baseline data were obtained for Penaeus aztecus (Table 9) . Too 

few samples were collected to permit any intraspecific comparisons on the 

basis of season or area sampled . A single stomatopod crustacean (SquiZZa 

empusa) sample was analyzed in 1976 . This species is sympatric in -any 

areas with the shrimp species analyzed . SquiZZa had distinctly higher 

concentrations of Cd, Ca, Fe and Zn than shrimp . Although only one 

sample was analyzed in 1976, this relationship has been observed con-

sistently with shrimp and stomatcpod samples from the STOCS area analyzed 

is this lab . 

Squid 

Squid trace metals levels were also quite uniform is the STOCS area . 

No seasonal trends were observed . Both species of squid analyzed had 

similar concentrations of trace metals . Sufficient annual average base-

line data were obtained for LoZigo peaZei (Table 9) . The only geographic 

trend noted was the decrease in Cd and Cu levels from north to south . 

Copper in zooplankton showed a similar relationship . There was also some 

indication that Cd concentrations decreased offshore . 

SporcduZua mrterticcrnus (oyster) 

SpandyZus samples were only analyzed in 1976 . All samples were 
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TABLE 9 

AVERAGE CONCENTRATIONS OF TRACE METALS IN PtNAEUS AZTECUS AND LOLICO PEAI.EI MUSCLE IN 1976 

Number of Concentration 
~P
( m dry vei ht 3 1 standard deviation) 

Species Sampled Cd Cr Cu Fe N1 Pb V Z11 ~ A1 Ca 
Analyzed 

P. eztecus 
(shrimp) 

9 0 .0830 .04 0 .0430 .02 701 5 3 .713 .4 0.1720.11 0 .0130 .06 0 .330.2 58x6 273 7 9601650 

1. eels! 
12 0 .1830 .20 0 .0310 .02 13313 4 .614 .5 0 .1630 .13 0 .1330 .10 0 .230 .2 4719 30f15 4501250 

(squid) 



The primary purpose of this study is to establish current baseline 

concentrations of trace metals in marine organisms within the STOCS study 

area . This baseline data can then be used to determine if future oil 

and gas exploration in the area contribute significant amounts of trace 

metals to the biota . Adequate baseline data have been obtained for sev-

eral species of organisms in the form of mesa concentrations of eight 

metals (except A1, Ca) in all 1976 samples of each species (Tables 5, 7, 

8 and 9) . There was considerable variability in the trace metals data ; 

however, it is probably as accurate reflection of the natural variability 

within each species since as effort was made to control potential sources 

of additional variability (contamination, metal loss, erratic dissection 
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observed were similar to concentrations reported in other studies (Suns 

and Presley, 1976), although the reported trace metals concentrations in 

oysters were quite variable . 

The concentrations of Cr, Ni and V were similar among the five bank 

stations sampled . The levels of Cd, Cu, Fe, Pb and Zn were quite vari-

able among these stations . SpondyZus from East Flower Garden had the 

highest levels of Cd, Cu, Pb and Zn . This mean Cd concentration was 

significantly greater than the levels at Southern Bank and Stetson Bask . 

The Cu concentration was significantly greater than those at au other 

stations . The Pb and Za levels were probably not significantly dif-

ferent from any of the other stations . Oysters from Hospital Rock had 

the highest concentration of Fe which was significantly different from 

the lower levels at East Flower Garden and 28 Fathom Bank . The variabil-

ity in trace metals levels among Sbondytus from a sIngle bank station 

was generally quite low for most metals . 

CONCLUSIONS 



seasonal trace metals baseline data are needed . Such data permit the 

detection of smaller scale changes (i .e . station - station differences 

and seasonal changes at one station) such as might result from oil and 

gas exploration/production confined to only a few petroleum lease blocks . 

Adequate geographical and seasonal trace metals baseline data for indi-

vidual species have been slow to accumulate due to difficulties in con-

sistently sampling the same species throughout the gear . With the intra-

specific variability in trace metals concentrations observed in 1976, at 

least 5 to 10 replicates would be needed per station to detect a 75-100 

percent difference between mean concentrations of a metal in the same 

species at two stations . Far too few samples of any one species were 

collected in 1976 to permit this magnitude of replication at any station 

or season . To increase the number of replicates being compared, pooling 

of similar species into larger groups (Table 5) was done . However, little 

was gained since the variability of trace metals levels in these groups 

was generally higher than for individual species, and more replication 

was required to achieve the same percent level of resolution. The only 

valid solution is to analyze many more samples of fewer species . This 

approach increases the number of replicate analyses per species, thereby 

providing a better opportunity for intraspecific geographical and seasonal 
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procedures, etc .) during sample preparation . Large (= 100 percent) 

changes in organismal trace metals levels which occur over significant 

portions of the STOCS study area could be detected with this data . Sim-

ilar annual averages for groups of related organisms (Table 5) had gen-

erally more variability than the species averages and could detect only 

larger changes . 

To fully meet the needs of the BLM OCS program, geographical and 



The choice of which species to emphasize in collection and analyses 

is important . Species selected should be widely distributed within the 

STOCS study area and available during all seasons . Consideration must 

be given to species analyzed in previous years so that good continuity 

among yearly trace metals data sets will be maintained . With these 

factors in mind, the following species should be emphasized in future 

work: L . ccanpechanus, R. aurorubercs, P. aquiZanartis, S. atrobranehus, 

T. Zathrmtz, P. aztecus and L. peaZei . 
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comparisons between individual sampling stations . It also minimizes 

the waste of effort involved in analyzing just two-to-three samples of 

several species . Such data can only be used as part of pooled group com- 

parisons . 
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The Department of the Interior Mission 
 
As the Nation's principal conservation agency, the Department of the Interior has responsibility 
for most of our nationally owned public lands and natural resources.  This includes fostering 
sound use of our land and water resources; protecting our fish, wildlife, and biological diversity; 
preserving the environmental and cultural values of our national parks and historical places; 
and providing for the enjoyment of life through outdoor recreation. The Department assesses 
our energy and mineral resources and works to ensure that their development is in the best 
interests of all our people by encouraging stewardship and citizen participation in their care. 
The Department also has a major responsibility for American Indian reservation communities 
and for people who live in island territories under U.S. administration. 
 
 
 
The Minerals Management Service Mission 
 
As a bureau of the Department of the Interior, the Minerals Management Service's (MMS) 
primary responsibilities are to manage the mineral resources located on the Nation's Outer 
Continental Shelf (OCS), collect revenue from the Federal OCS and onshore Federal and Indian 
lands, and distribute those revenues. 
 
Moreover, in working to meet its responsibilities, the Offshore Minerals Management Program 
administers the OCS competitive leasing program and oversees the safe and environmentally 
sound exploration and production of our Nation's offshore natural gas, oil and other mineral 
resources.  The MMS Minerals Revenue Management meets its responsibilities by ensuring the 
efficient, timely and accurate collection and disbursement of revenue from mineral leasing and 
production due to Indian tribes and allottees, States and the U.S. Treasury. 
 
The MMS strives to fulfill its responsibilities through the general guiding principles of:  (1) being 
responsive to the public's concerns and interests by maintaining a dialogue with all potentially 
affected parties and (2) carrying out its programs with an emphasis on working to enhance the 
quality of life for all Americans by lending MMS assistance and expertise to economic  
development and environmental protection. 
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