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FOREWORD 

The reports contained herein are the result of supplemental 
studies to the 1976 STOCS biology and chemistry program that 
were authorized by Contract Modification No . 5 to Contract 
AA550-CT6-17 and were funded with surplus shiptime and naviga-
tional funds from that contract . 

The report has been reviewed by the Bureau of Land Management 
and approved for publication . Approval does not signify that 
the contents necessarily reflect the views and policies of the 
Bureau, nor does mention of trade names or commercial products 
constitute endorsement or recommendation for use. 
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The significant findings include : the division of benthonic foramini-
ferans into groups or individuals characteristic of such features as near-
shore-offshore, seasonality, regions of the shelf such as the modern mud 
blanket, etc . Findings that may prove useful for site evaluation or 
monitoring include : the use of BoZivina Zawmani as an indicator of silting 
and bottom current movement, the use of Ananonia becearii and other species 
to indicate perturbations in the water column and sediments, and the sug-
gestion that the bank stations may represent a region very susceptible to 
man's activities . 

1_G 

ABSTRACT 

The South Texas Outer Continental Shelf was sampled for living ben-
thonic foraminiferans at 12 stations during three seasons in 1975 . Dur-
ing 1976, 29 stations were sampled during three seasons and 10 of these 
stations were sampled during six monthly cruises . These samples were 
processed and the living benthonic foraminiferans were picked, counted, 
identified and the data evaluated via cluster analysis and maps of den-
sity, diversity and richness . 



Literature Survey and Previous Work 

Most of the many studies made on the foraminifera of the Gulf of 

Mexico and its continental shelf have been concerned with the distribu-

tion of dead and total assemblages . There have been relatively few 

studies of living populations of the Northwest Gulf of Mexico . Of these 

the most useful are the studies of Phleger (1951, 1956) . There have 

been no other comprehensive seasonal studies on living benthonic forami-

niferans except for our current studies on the South Texas Outer Continen-

tal Shelf (STOCS) . A thesis by Anepohl (1976) concerns itself mainly with 

the taxonomy of living benthonic foraminifera collected for the Bureau 

of Land Management (BLM) in the STOCS area during 1975 . A thesis in 

progress by Camille Hueni of Rice University concerns itself with the 

distribution of living benthonic foraminifera on the STOCS, 1975 and 

1976 and down core fossil studies . 
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INTRODUCTION 

Purpose 

The purpose of this study was to supplement taxonomic identification 

of shelled microzoobenthic organisms (benthonic foraminiferans) taken 

from primary stations (Stations 1-3, Transects I-IV) during the 1976 

sampling year . The data were combined with those from the 12 primary 

stations and analyzed via cluster analysis . Dendrograms were prepared 

and evaluated . Maps of dominance, diversities and richness were plotted 

for the seasonal and monthly Transect II samples . 



MATERIALS AND METHODS 

The samples were mixed and split with a large, modified plankton 
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Collecting Procedures 

For 1975, bottom samples were obtained by subsampling the Smith- 

McIntyre grabs at Stations 1, 2 and 3, all transects, during the winter, 

spring and summer (36 stations) . There were 24 samples studied for the 

1975 Final Report . The subsampling was accomplished by inserting a 6 .5 cm 

diameter coring tube at least 5 cm into the sediment from the sediment 

surface . The sample was then preserved in 25 ml of buffered formalin 

solution with rose Bengal stain added . 

For 1976, bottom samples were obtained by subsampling Smith-McIntyre 

grabs at Stations 1-6, Transects I-III and Stations 1-7, Transect IV, and 

two stations on Southern Bank (SB) and Hospital Rock (HR) (29 stations) 

during seasonal samplings and at Stations 1-6, Transect II, and two sta-

tions on SB and HR (10 stations) during monthly samplings (147 total 

samples) . Subsampling was accomplished by inserting a 3 .5 cm diameter 

coring tube at least 5 cm into the sediment from the sediment surface . 

On-board processing of samples was identical to that described for the 

1975 samples . 

As different size cores were used for the 1975 and 1976 sampling, 

a comparison was made by collecting samples with both cores during the 

1976 spring sampling period . Comparing the two samplers, the dominant 

species appear to be the same for both size subsamplers . Densities also 

appear to be within lOx which is comparable to the regular patchiness of 

these organisms . 

Post-Collecting Procedures 



mart' stations) were processed as above, except not all were hand-picked . 

Those processed samples not hand-picked were identified and counted for 

dominant foraminiferans only . The data were placed on computer cards 

and cluster analyses performed and dendrograms prepared . The dendrograms, 

density plots, and other faunal maps were compared to each other and to 

data of other oceanographic parameters . 
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splitter . One-half of the sample was archived and the other half washed 

through a 63 um screen . The sands on the screen were dried in an oven at 

70°C . If only a small amount of material remained on the screen, the 

sample was ready for picking or identifying . If considerable non-organic 

material remained, the sample was floated as described below . A 400-m1 

beaker was filled with 200 ml of carbon tetrachloride, a 500 um screen 

was placed over the beaker, and the dried sands were sprinkled through 

the screen . The floating fraction was then decanted onto a paper towel 

folded as a filter and supported by a glass funnel . The residue was 

swirled to suspend lighter material, allowed to stand for two seconds 

and decanted . (This process was repeated several times to process a 

large sample by aliquots .) The paper towel plus filtrate was oven-dried 

at 70°C as was the residue . Both portions were placed in labeled bottles . 

The seasonal samples from the 12 primary stations were hand-picked 

under a dissecting microscope for live foraminiferans and other live, 

shelled microzoobenthon and placed on cardboard foraminiferan slides . 

The picked organisms were then identified to the lowest possible taxon 

and counted . 

Samples from the remaining bottom stations (other than the 12 pri- 



group (IMSSo) ; an outer shelf northern transect group (OSNo) ; a mid-shelf 
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Eight of the processed samples from the 1976 stations proved to be 

suspiciously barren . In these suspicious cases the residue was investi-

gated and any data recovered from the residue (positive or negative) was 

parenthetically inserted on the maps . These data were not used in the 

calculations of densities, diversities, richness, etc . nor were they 

used in the cluster analysis . 

RESULTS AND DISCUSSION 

A discussion of the physical and chemical oceanography setting, sea- 

sonal circulation patterns, and results of the work-up of the 1975 and 1976 

shelled microzoobenthon samples is contained in the 1975 and 1976 BLM-

STOCS Final Reports [see Casey, In Parker (ed .) 1976 and In Groover (ed .) 

19771 . 

Living Benthonic Foraminiferans 1976 and 1975 (new data) 

Specifically for this report, we have produced four cluster dendro- 

grams and map-figures . Three dendrograms have been produced by using 

all 29 stations for each 1976 season (Figure 1 for winter 1976, Figure 

2 for spring 1976 and Figure 3 for summer-fall 1976), and one dendrogram 

for the six monthly sampling periods along Transect II (Figure 4) . Our 

cluster program does not have the capacity to process a combination of 

all 1976 seasonal or all 1976 Transect II monthly data into dendrograms . 

Appendix A contains a complete printout of the 1976 benthonic foramini-

feran data . 

The winter 1976 seasonal dendrogram (Figure 1) can be divided into 

the following cluster groups : a weak inner-mid shelf southern transect 



"""BENTHONIC FORfIMINIFERH .NINTER 1976 """ 
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Figure 1 . Benthonic Foraminiferan Collected During the Winter, 1976 . 

IMSSo = inner-mid shelf southern transect9 OSMid = outer shelf mid trsnsect 
OSNo = outer shefl northern transects IIKS =inner and mid shelf 
MS =mid-shelf 



Figure I~ Key to Benthonic foraminifera winter, 1976 dendrogram. 
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Figure 2 . Benthonic Foraminifera Collected During Spring, 1976 . 
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Figure '2 . Key to Benthonic foraminifera spring, 1976 dendrogram 
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FIGURE 2 CONT .`D 
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Figure 3 . Benthonic Foraminiferan Collected During Summer-Fall, 1976 . 

0M5 = outer-mid shelf group MS = mid-shelf group 
OSNo = outer shelf northern transects IS = inner shelf group 
OSSo = outer shelf southern transects ISNo = inner shelf northern transects group 

ISMiSo = inner shelf mid and southern transects 
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3 " Key to Benthonic foraminifera summer-fall, 1976 dendxogram 
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outer-mid shelf (OMS) with northern offshore (OSNo), southern offshore 

1-1J 

(MS) strong group including arenaceous foraminifera ; an outer shelf mid 

transect (OSMid) association ; and, a loose inner and mid shelf group (IMS) . 

The absenee of a tight inner and mid shelf or distinct inner shelf (Sta-

tions 1 and 4) cluster found in the other seasons may be due to the mix-

ing of assemblages as a result of "isothermal conditions" of the winter 

season . Figure 4 shows BoZivina Zowmmti (a component of these tight 

inner and mid shelf clusters of the other seasons) as a dominant in outer 

shelf stations during the winter season . We interpret this to indicate 

that this meroplanktonic species can reach the bottom, during these winter 

isothermal periods, . in a reasonable time, so it is still very viable . 

The spring 1976 seasonal dendrogram (Figure 2) can be divided into 

the following cluster groups : three strong outer shelf groups (0S1, OS2, 

and OS3) ; a strong inner and mid-shelf group (IMS) ; and a strong inner 

shelf group (IS) . The presence of strong well developed outer shelf 

clusters probably represents the incursion of offshore waters . These 

shared-dominance, deep-water faunas are well established at the shelf 

edge and move into the mid-section (Transects II and III modern mud 

blanket and occasionally into the inner shelf region (Stations 1 and 4) 

during the spring [Casey In Parker (ed,) 1976 and Groover (ed,) 1977), 

The spring also exhibits the greatest number of living benthonic species . 

This is probably due to the addition of species from the upper slope 

environment as a result of the incursion of deep offshore waters . We 

believe this incursion is caused by the open ocean estuarine type upwel-

ling bringing these deeper faunal components in with the "salt water 

wedge" bottom intrusion . 

The summer-fall 1976 dendrogram (Figure 3) can be divided into : 



pant in more than one adjoining station . This method allows the visual 

presentation of the main seasonal domiaance.in the area . From these 

dominance maps it can be seen that B . Zmwartani, the most abundant ben-

thonic foraminiferan on the STDCS, exhibits a very interesting pattern 

showing dominance over most of the shelf in winter including the outer 

shelf stations, and showing greatest dominance in the area of the 

northern stations . In the spring (Figure 4, map 2) the dominance of 

B . Zowmani switches to the south, and in the summer-fall it appears to 

"invade" the north via a mid-shelf route from the south . This same 

sequence can be seen in the 1975 sampling period (Figure 5, maps 1, 2 

and 3) . 

1-16 

(OSSo), and mid-shelf (MS) subgroups ; and, an inner shelf cluster (IS) 

with northern (ISNo), and mid and southern (ISMiSo) subgroups . Here the 

inner (essentially Stations 1 and 4), mid (essentially stations 2 and 5) 

and outer (essentially 3, 6 and 7) shelf regions appear to show their 

greatest "individuality" . We believe this to be due to the relatively 

calm bottom conditions of the summer-fall . These calm bottom conditions 

are a result of the "grounding of a detached loop ring pushing into the 

mid-shelf stations", little runoff, a relatively weak southerly wind 

system, and a strong thermocline over the area . 

These general groups shown in the dendrograms complement the inter- 

pretations of the seasonal data presented on Figure 4 . Figure 4 illus-

trates the dominant benthonic foraniniferan species (maps 1, 2 and 3), 

the density of BoZivina Zawmani (maps 4, 5 and 6), the total density of 

benthonic foraminiferans (maps 7, 8 and 9), and the richness of benthonic 

foraminiferans (maps 10, 11 and 12), 

The dominance maps were constructed by contouring the species domi- 
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The density of B. ZmJmani show somewhat the same pattern with a high 

density in the northern transects during winter (Figure 4, map 4), an 

increase in the south in spring (Figure 4, map 5) and an indication of 

the northern "invasion" in the summer-fall (Figure 4, map 6, the 5 con-

tour) . We believe this is due to B. Zarumani being meroplanktonic and 

moving to the outer shelf during the winter water column mixing ; somewhat 

eutrophic or mesotrophic and establishing itself in the south during -

opportune times in the spring ; and, being an indicator of general bottom 

circulation and reflecting the bottom water movement to the north along 

mid-shelf with the northerly directed arm of the spiral of the anti-

cyclonic gyre that grounded on the shelf in the simmer-fall . Figure 6 

shows this movement of water from the south to the north inferred from 

the microplanktonic and physical and oceanographic data . 

The maps of total benthonic foraminiferan density (Figure 4, maps 

7, 8 and 9) are useful in delineating the modern mid--shelf mud blanket 

which is roughly outlined by the 20 individuals/10 cm2 contour for 1976 . 

When comparing the total densities for 1976 (Figure 4) with 1975 (Figure 

5, maps 7, 8 and 9), it appears that the 1975 densities are generally 

higher than 1976, and that the low density mud blanket fauna of 1976 

cannot be defined by the same contour . In 1975, there were greater den-

sities in this mud area and the richness of the modern mud blanket 

in 1976 (Figure 4, maps 10, 11 and 12) can be defined by the five species 

contour but in 1975 (Figure 5, maps 10, 11 and 12) the richness appears 

to be greater in the mud blanket . The richness in other areas appears 

to be similar in 1975 and 1976, 

The same parameters of dominance, density of B. Zotumani, total ben- 

thonic fo=aminiferan density, and richness compiled for the seasonal data 
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iniferans at each of the nine monthly stations on Transect II, and Figure 

9 illustrates the density of B. Zou'rtani at each of these stations . These 

data agree well with the seasonal maps on Figure 4 . During winter there 

is a dominance of and a higher density of B . Zowmani in the inner and mid 

shelf and a high percentage on the outer shelf (Figures 8 and 9, February 

maps), a low point in B. Zowmani dominance and density in late spring 

(Figure 4, map 2 ; and Figures 8 and 9, June and July maps), a slight 

increase in B. Zowmani dominance and density in late summer and fall 

(Figure 4, map 5 ; andFigures 8 and 9, August map), and the beginning 

of a re-establishment of B . Zowmani in winter (Figure 4, maps 2 and 

1"LV 

for 1976 and 1975 were compiled for the .nine monthly samplings of Transect 

II in 1976 . A dendrogram was also produced of the Transect II monthly 

samples exclusive of the seasonal samples . 

This dendrogram (Figure 7) can be divided into the following groups : 

a mid-shelf spring and summer fauna (MSSpSu) ; an inner shelf spring fauna 

(ISSp) ; an inner and mid-shelf fauna (IMS) that is subdivided into a pos-

sible epibenthic (IMSepi) and inbenthic (IMSin) groups ; and two outer 

shelf groups (0S1 and OS2) . These groups agree with the dominance groups 

for each of the nine percent dominance maps (Figure 8) . A . beecarii (the 

IMS individual on Figure 7) is the only benthonic foraminiferan from the 

study area to be known as an infaunal member from the literature (Brooks, 

1967) . Species were considered epifaunal (IMSepi on Figure 7) if they 

commonly appeared fn plankton samples in the BLM-STOCS area (Casey, 1975) . 

This difference between infaunal and epifaunal species is suggested from 

separation on the dendrogram (Figure 7) . 

Figure 8 illustrates the percentages of the various benthonic foram- 
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Southern Bank does (41 .04/10 cm 2 compared to 32 .28/10 cm2), and Southern 

1-LJ 

6 ; and, Figures 8 and 9, November and December maps) . 

Figures 10 and 11 illustrate the total density of benthonic foramini- 

ferans and the richness for these nine samplings on Transect II . There 

appears to be a positive correlation between total density and richness 

on both a monthly Transect II (Figures 10 and 11) and STOCS seasonal 

(Figure 4) level . In general, both rich (many species) and high density 

collections are from the sand as opposed to the modern mud blanket areas 

(Figure 4, maps 7 through 12) . This generality holds for Transect II 

(Figures 10 and 1I) except during April (when there was an increase-in 

richness and total density) at Station 2, followed by a drastic decline 

in density but not richness in May . This trend appears again, but not 

as dramatically at Station 2 from July to August . These trends may 

represent a succession on a sub-seasonal level that may be linked to 

different times of reproduction for different benthonic foraminiferan 

species . 

Bank Stations 

Figures 12, 13 and 14 illustrate the dominant species, richness and 

total densities of benthonic foraminiferans on the bank stations (Hospital 

Rock and Southern Bank) in relation to the surrounding stations of Tran-

sect I and II . The bank stations exhibit extreme variability in all these 

characteristics . In general, the bank stations exhibit a more diverse 

fauna with a greater amount of shared dominance than the transect sta-

tions . Also, the densities are generally higher than the surrounding 

stations . There appears to be a greater number of Ammonia beccarii and 

arenaceous species on the banks than the surrounding stations . 

Hospital Rock averages a greater density throughout the year than 
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Figure 10 . Total Pentho5c Foraminiferan Density in 
Number/10 cm for Transect II Monthly Stations . 
() Equals Questionable Data ; see Text . 
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The general distribution in time and space has already been addressed 

in previous BLM-STOCS reports and will not be repeated here . We will 

mention only new conclusions, and add some comments that might be useful 

for site evaluation and future mnniroring . The modern mud blanket fauna 

can usually be characterized by low density and richness values of ben-

thic foraminiferans . These trends change on at least a seasonal basis 

and may perhaps be used as an indicator of silting . 

Bank a slightly greater richness (6 .59 to 6 .17 species/sample) . 

The bank stations do not appear to conform to the patterns of B. ZmW-

mani dominance and migration that were mentioned earlier . In fact, as 

can be seen on Figure 4, the banks appear to be the greatest anomaly in 

the general patterns that have been developed in this report for the ben-

thonic foraminiferans . 

Perhaps the simplest reasons for these anomalies are that the dank 

regions are regions of relatively great relief and considerable variabil-

ity in sediment texture . The variability in sediment texture may account 

for the presence of A . beecarii which is usually a nearshore infaunal 

component existing in the coarse sediment regions of the banks . The 

great local relief plus the sediment variability may account for the com-

mon occurrences of deep and shallow forms; and, mud and sand facies members . 

The peaks in density appear to occur mainly in February and July at 

both banks except for the greatest density recorded from the banks at 

Station HR 1 in November of 1976 . Although up-current and down-current 

trends were looked for, none have been found in the benthonic foramini-

ferans to date . 

CONCLUSIONS 
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Perhaps one of the best indicator species of the benthonic forami- 

niferans is the most abundant species B. Zoramani . This species appears 

to be meroplanktonic and present in the water column throughout the 

year, but it only appears to settle out in shallow waters, or in deep 

waters when the waters become isothermal such as in winter . Therefore, 

the presence of this species in deeper waters may indicate a water 

column mixing . B. Zowmani densities and dominance in benthon samples 

appear to be useful as a tracer for bottom currents on a robust scale 

(months) . This is good since the microplankton in contrast appear to 

be indicators for immediate circulation patterns . The migration of 

B. Zowmani to the north in late summer of both years of this study seems 

to be a true and good trend . 

Another possible good indicator is Amonia beecarii a species that 

is common in the lagoons and estuaries and may illustrate outflow periods . 

A, beccarii appears to be an infaunal component and most of the other 

species appear to be epifaunal (such as B. Zawmani) . This difference 

shows up on the dendrograms and may be useful in determining the amount 

of perturbations (in the water column and sediment) of oil spills, etc . 

Lastly, the bank stations appear to be unique and perhaps very sus- 

ceptible to perturbations due to their complex and diverse fauna in an 

obvious area for oil drilling . 
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W = Winter sampling period 
S = Spring sampling period 
F = Summer-Fall sampling period 
M = March sampling period 
A .= April sampling period 
J = July sampling period 
U = August sampling period 
N = November sampling period 
D = December sampling period 
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APPENDIX A 

COMPLETE PRINTOUTS FOR 1976 BLM-STOCS BENTHONIC FORAMINIFERAN DATA . 
NUMBERS ON LEFT-HAND COLUMN ARE THE NUMBERS ASSIGNED EACH SPECIES, 

NUMBERS ACROSS TOP REFER TO THE STATIONS AS LISTED AT 
THE FIRST OF EACH DATA SECTION ; 

THE REMAINING NUMBERS AND FRACTIONS CORRESPOND TO DENSITIES OF SPECIES 
(INDIVIDUALS/5 cm 2) 

Explanation of Tables : 



Alveoloph . sp . Alneolphragmium sp . 
A . wiesneri Alveolophragmium wiesneri 
A, beccarii Ammonia beccarii 
A . paucilocul . Ammonia pauciloculata 
A .?lessons 4mnhistegina ? lessons 
A, carinata A stigerina carinata 
B . irregularis Higanerina irregularis 
H . subspinesc . Holivina subspinescens 
Hrizalina sp . Hrizalina sp . 
B . lowmani Holivina lowmani 
H . spinata Hrizalina spinata 
B . hannai Bucc ella hanrbai 
H . marginata Hulimina marginata 
H . cf . bassend . Euliminella cf. bassendorfensis 
H . elegantiss . Huliminella elega.ntissima 
C . sagra Cancris sagra 
C . subglobosa Cassidulina subglobosa 
C . cf . subg3.ob . Cassidulina cf . subglobosa 
C . mollis Cibicides mollis 
C . umbonatus Cibicides umbonatus 
C . orbicularis Cassidulina orbicularis 
D . candeiana Discorbis candeiana 
D . floridensis Discorbis floridensis 
E. poeyarnum II.phidium poeyarnua 
E. vitrea Epistominella vitrea 
Florilus sp . Florilus sp . 
F. atlantica Flor3lus atlantica 
F . gratelcupi Florilus grateloupi 
F . pontoni Fursenkoina pontoni 
H, strattoni Hanzawaia strattoni 

TABLE 1 

WINTER SAILING PERIOD DATA PRINTOUTS 

Explanation of Table : 

Species Names : The left-hand column gives the names of the benthonic 
foraminiferans as they appear on the data printouts . 
The right-hand column gives the complete scientific 
name . 



C . laev, carin. Cassidulina la evigata var, carinata 
R. flor3dana Rosalina of . floridana 
H, fragilis Hrizalirsa fragilis 
H, albatrossi Holivina slbatrossi 
P, meod.cana Pseudoclavulina mezicana 
T. belle Trifarina belle 
T. trigoriul.a Triloculina trigonula 
R, comatvla Pseudonodosaria comatula 

TABLE 1 CONT .'D 

La, atlantica Lamarckirla atlantica 
L . galbi Loxostoum gelbi 
M. planata Marginul.ina planata 
N . terquemi Neoconorbina tarquemi 
N . antillarum <Neoeponides antillarum 
Nonion sp . Nonion sp . 
N . basiloba Nonionella basiloba 
N . cf . basiloba Non3onella cf. basiloba 
P . corrugate Patellina corrugate 
P . diffugifor. Proteonina diffugiformis 
Quinquelocvl . Quinquelocul.ina sp . 
Q, aff, co:api',a Quinqueloculina aff . compta 
R . advena Rectobolivina advena 
Reo . atlantic . Reophax atlantica 
R . comprima Reophaa comprima 
R . atlantics Reussella atlantica 
R . sp. "A" Robulns sp . "A" 
S . bradyana Siphoning bradyana 
S, affinis Siphotextularia, affinis 
T . advena TrochamnrLiria advena 
Uvigerina sp . Uvigerina sp . 
U. bellula IIvigexina balling 
II . peregrine Uvigerina peregrine 
Virgulinella Virgulinella sp . 
T . eariandi Textularia eariandi 
C. oblongs Cancris oblongs 
B . haste Brizalina ha.stata 
H . concentrica Hanzawaia concentrica 
Eponides sp . Epondies sp . 
A . belle Angulogerina bel].a 
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Species Names : The left-hand column gives the names of the benthonic 
foraminiferans as they appear on the data printouts . 
The right-hand column gives the complete scientific 
name . 

Alveolphragmium sp . 
Alveolphragmium wiesneri 
Ammonia becca.rii 
Ammonia pauciloculata 
Ammosclaria sp . 
Arenaceous sp, 
Bi generian irregularis 
Bolivina subaenariensis var. ncexicana 
Holivina lowmani 
Hrizalina spinata 
Buccella hannai 
Hulimina marginata 
Huliminella cf. basiloba 
Huliminella cf. bassendorfensis 
Buliminella bassendorfensis 
Huliminela elegantissima 
Huliminella carte 
Cancris sagra 
Cancris sagra juvenile 
Cassidulina subglobosa 
Cibicides aff . floridanus 
Cibicides umbonatus 
Cassidulina orbicularis 
Discorbis floridensis 
Discorbis cf . nitida 
Elphidium poeyanum 
Epistominella sp . 
Epistominella vitrea 
Eponides repandus 
Florilus atlantica 
Florilus-grateloupi 
Fursenkoina pontoni 
Guttulina australis 
Hanzawaia strattoni 
Lagena nebulosa 
Lagena spirata 

Alveolph. sp . 
A, wiesneri 
A . beccarii 
A, paucilocul . 
Atmno scla ria 
Arenaceous sp . 
B . irregularis 
H . sub . mexicana 
B, lowmani 
B . spinata 
B . hannai 
B, marginata 
H . cf . basiloba 
B . cf . bassend . 
H . bassend . 
B . elegantiss . 
B , carte 
C . sa gra 
C, sagra juv . 
C . subglobosa 
C . aff . florid . 
C . umbonatus 
C . orbicularis 
D . floridensis 
D . cf . nitida 
E . poeyanum 
Epistominella 
E . vitrea 
E . repandus 
F . atlantica 
F . gratelopius 
F . pontonius 
G . australisus 
Fi, strattoni 
L . nebulosa 
L . spirata 

1 TI 

TABLE 2 

SPRING SAILING PERIOD DATA PRINTOUTS 

Explanation of Table : 



L, atlantica Lagenammiria atlantica 
La . atlantica Lamarckina atlantica 
L . peregrines Lenticulina peregrine. 
M . villa Marginulina villa 
Neoconorbina Neoconorbina sp . 
N . terquemi .Neoconorbina terq uemi 
N . 7 terquemi NeoconoTbina 1 terquemi 
N, antillarum Neoeponides antillarum 
Nonion sp . Nonion sp . 
N . basiloba "Nonionella basiloba 
N . cf . basiloba Nonionella cf . basiloba 
P, diffugifor . Proteonina diffugiformis 
P . ? decorate . Pseudoparrella ? decorate 
Pseudoparrela Pseudoparrella sp . 
P . quinqueloba Pullenia quinqueloba 
Quinquel.ocul . Quinqueloculina sp . ' 
Q . compta Quinqueloculina compta 
Reo . atlantic . Reophax atlantica 
R . bilocularis Reophax biloculaMs 
R . ? bilocularis Reophax ? bilocularis 
R . comprima Reophax comprima 
R . atlantica Reussella atlantica 
R, d-Lffugifor . Reophax diffugiformis 
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Explanation of Table : 

A . wiesneri 
A, beccarii 
B, irregularis 
H, subspinesc . 
B, sub . mexicana 
H, lowmani 
B, spinets 
H . marginata 
H, cf. bassend . 
$ . bassend . 
B, elegantiss . 
C . sagra 
C . subglobosa 
Cibicides sp . 
C . mollis 
D. candeiana 
D. floridensis 
Eo poeyanum 
Epistominella 
F . atlantica 
F . grateloupi 
F . pontoni 
H . strattoni 
L . spirata 
L . atlantica 
L, gelbi 
N . terquemi 
? N . terquemi 
N . antillarum 

--N. basnobs 
N . ef . basiloba 
P . diffugifor. 
P . 1 decorate 
P, quinqueloba 
Quinquelocul . 
Q . compta 
R . comprima 
R, atlantica 

., _ R . diffugifor . 

Alveophragmium . wiesneri 
Ammonia beccarii 
Higenerina irregularis 
Bolivina subspinescens 
Bolivina subaenariensis var, mexicana 
Bolivina lowmani 
Hrizalina spinets 
Bulimina margina:ta 
Buliminella cf . bassendorfensis 
Hulimi.nella bassendorfensis 
Buliminella elegantissima 
Cancris sagra 
Cassidulina subglobosa 
Cibicides sp . 
Cibicides mollis 
Discorbis candeiana 
Discorbis floridensis 
Elphidium poeyarium 
Epistominella sp . 
Florilus atlantica 
Florilus grateloupi 
Fursenkoina pontoni 
Hanzawaia strattoni 
Lagena spirata 
La genammina atlantica 
Loxostoum gelbi - 
Neoconorbina terquemi 
? Neoconorbina terquem3. 
Neoeponides antillarum 

_-Nonionella basilQba 
Nonionella cf, basiloba 
Proteonina diffugiformis 
Pseudoparrella Z decorate. 
Pullenia quinqueloba 
Quinqueloculina sp . 
Quinqueloculina compta 
Reophax comprima 
Reussella atlantica 
Proteonina diffugiformis 

1-59 

TABLE 3 

SUMMER-FALL SAMPLING PERIOD DATA PRINTOUTS 

Species Names : The left-hand column gives the names of the benthonic 
foraminiferans as they appear on the data printouts . 
The right-hand column gives the complete scientific 
name . 



S . pul . var, prim Sagrina pulchella var . primitive 
S . brac~yana Siphonina bradyana 
S, affinis Siphotextularia affinis 
T . ef . candeina Textularia cf . candeina 
U . bellula Ovigerina bellula 
U . flintii Uvigerina flintii 
U . parvula Uvigeriria parvula 
iT . peregrine Uvigerina peregrine 
U-.-per. per . Uwlgerina peregrine peregrine 
U . per, pare. Uvigerina peregrine nar. parvula 
Virgulinella Virgulinella sp . 
T . earlandi Textularia earlandi 
H . concentrica Hanzawaia concentrica 
La gene sp . La gene sp . 
B . barbata Brizalina barbata , 
B. translucens Bolivina translucens 
E. conanunis Enantiodentalina connminis 
B . fragilis Bolivina fragilis 
T . belle Trifarina belle 
E . vitrea Epistominella vitrea 
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B, irregu].aris Bigenerina irregularis 
B . lowmani Bolivina lowmani ' 
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H, ef. bassend . Buliminella cf, bassend . 
B . fragilis Brizalina fra.gilis 
H . elegantiss . Huliminella elegaritissima 
B, spinata Brizalina spinata 
B, sub, mexdcana Bolivina subaenariensis var. mexdcana 
C . sagra Cancris sa gra 
C . aff, florid . Cibicides aff, f'loridensis 
C . umbonatus Cibicides umbonatus 
C, subglobosa Cassiduli.na subglobosa 
Cibicides sp . Cibicides sp . 
Cibicides juv. Cibicides juvenile 
C . mollis Cibicides mollis 
E . poeyanum Elphidium poeyarrum 
E . vitrea Epistominella vitrea 
F . grateloupi Florilus grateloupi 
F . atlaritica Florilus atlantica 
F . pontoni Fursenkoina pontoni 
Hanzawai juv. Hanzawaia juvenile 
H . concentrica Hanzawaia concentrica 
H . strattoni Hanzawa3a strattoni 
Juv. benthonic Juvenile berrtrionics 
Lenticulina sp, Lenticulirla sp, 
La gena sp . Lagena sp, 
N . cf. basiloba Nonionella cf. basiloba 

1'-0 8 

TABLE 4 

MONTHLY SAMPLING PERIOD DATA PRINTOUTS 

Explanation of Table : 

Species Names : The left-hand column gives the names . of the benthonic 

" foraminiferans as they appear on the data printouts . 

The right-hand column gives the complete scientific 

names . 



N . basiloba Nonionella basiloba 
N . antillarum Neoeponides antillarum 
P . meadcana Pseudoclavulina mexicana 
P . diffugifor . Proteonina diffugiformis 
P . ? decorate Pseudoparrella ? decorate 
Quinquelocul . Quinqueloculina sp . 
R . lotus Robulus lotus 
R . advena Rectobolivina advena 
R . atlantica Reusella atlaritica 
R . comprima Reophax comprima 
Reo . atlantic . Reophax atlantica 
S, affinis Siphotextularia affinis 
S, pulchra Sivhonina nulchra 
S, bradyana Siphonina bradyana 
T . earlandi Textularia earlandi 
T . 3amaicensis Trifarina jamaicensis 
T . pergola T eatularia parvula 
T . belle Trifarina belle 
U, bellula IIvigerina bellula 
U, peregrine Uvigerina peregrine 
U, parviLla Uvigerina parvula 
U . va.r . pare. Uvigerina peregrine var. parvula 
V, pertusa Virgulinella pertusa 
S, pul, var, prim Sagrina pulchella var, primitive 
Virgulinella Virgulinella sp . 
L . peregrine Lenticulina peregrine 
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CHAPTER TWO 

ANALYSES OF 1975-76 MICROZOOPLANKTON SAMPLES FROM TRANSECT II 

Principal Investigator 



It is possible that marine protozoa may serve as both short and long 
term indicators of water quality and should therefore be monitored at 
regular intervals . 

10 
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ABSTRACT 

Seventy-two (72) one liter--samples were collected from the BLM-STOCS 
Transect II during 1975 and 1976 . These samples, which were preserved 
with 5% buffered formalin, were analyzed for ciliated protozoa using the 
Utermohl method . 

Extremely poor and inconsistent preservation of the ciliated protozoa 
by buffered formalin makes interpretation of the data difficult . Inter-
pretation problems were further complicated by infrequent sampling during 
the 1975 effort . 

Some quantitative information was obtained from samples collected 
in November and December 1976, and preserved with basic Lugol's fixative . 
During November and December 1976, the protozoan biomass ranged from 
three to seventeen percent of the macrozooplankton biomass . 

Some qualitative information was obtained from the remaining data . 
Oligotrichs as a group were widespread in both time and space, while 
tintinnids, foraminifera, radiolaria/acantharia and other protozoa 
tended to be more restricted in both temporal and spatial distribution . 



zone at Stations 1, 2 and 3 along Transect II on the South Texas Outer 
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INTRODUCTION 

During 1975 and 1976 the microzooplankton effort of the BLM STOCS 

program was directed toward the sarcodine protozoa, i .e ., foraminifera, 

radiolaria and acantharia . The ciliated protozoa were largely ignored, 

primarily because most of them either passed through the 76 um mesh of 

the net or were destroyed by filtration through the net . However, the 

ciliated forms (mostly tintinnids and oligotrichs) commonly comprise 

> 90% numerically of the marine protozoan community (Beers and Stewart, 

1967, 1969, 1970, 1971 ; Johansen, 1976) and, on the Scotian Shelf in 

summer, at least, the protozoan biomass exceeds the macrozooplankton 

biomass . Hence, the ciliated protozoan component of the zooplankton is 

rather significant . This problem was partially corrected in 1977 with 

the inclusion of a ciliate sampling program into the SLM project . 

During 1975 and 1976, 1-R unconcentrated seawater samples were 

collected along Transect II, preserved and stored by Dr . R . E . Casey for 

future reference . These samples were kindly made available to Dr . P . L . 

Johansen for analysis of the ciliate fraction of the protozoa . It was 

hoped that the 1975-76 samples would provide back-up and comparative 

data for the 1977 microzooplankton study . This report is the result of 

the analyses of those 1975-76 samples . 

METHODS 

Sampling 

During three seasonal cruises in 1975 and during three seasonal 

and six monthly cruises in 1976, 1-R water samples were collected with 

a 50-R Niskin bottle from 10 m and from 1/2 the depth of the photic 



S 
Hs = E pi In pi ; where : 

i=1 
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Continental Shelf . These samples were preserved with 5% buffered formalin . 

In addition, during November and December 1976, additional 1-k samples 

were taken from the surface and 1/2 the depth of the photic zone at Sta-

tions l, 2 and 3 along Transect II . These samples were preserved with 1I 

basic Lugol's fixative . 

Sample Analysis 

A 500-m1 aliquot of each 1-R sample was placed in a graduated cylinder 

and allowed to settle for 24 hours . At this time, 400 ml were drawn off 

and the remaining 100 ml transferred to an Utermohl settling chamber . The 

ciliates were identified to species and enumerated . The foraminifera, 

radiolaria and acantharia were enumerated . Following counting, the aliquot 

was combined with the original sample, resettled, drawn down to 10 ml and 

archived . 

Biomass estimates were calculated by estimating the volume of the 

ciliates (not including the lorica) . Assuming a cell density of one, then 

one u3 approximately equals 10'6 ug ; dry weight was assumed to be 13% of 

the wet weight (Beers and Stewart, 1970) . Total dry weights (mg/m3) were 

calculated by multiplying the abundance of each species in the sample by 

its respective volume, converting to dry weight and summing the individual 

estimates . 

The Shannon-Wiener Index (Pielou, 1974) was used to calculate 

species diversity of each sample . The Shannon-Wiener Index was calculated 

as follows : 



three stations . Values were obtained by averaging all data from each 

station regardless of month or depth . Table 3 indicates the occurrence 

of the various species during the course of the sampling period each year . 

These values were obtained by averaging all data from each month regard-

less of station or depth . Figure 1 shows the abundance of total protozoa 

for each station, depth and month during 1975 and 1976 . 
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H = the diversity index of the sample ; 

S = the number of species in the sample ; 

pi =the relative abundance of the ith species measured ; 

In pi = the natural log of pi . 

RESULTS 

Seventy-two (72) protozoan species were observed in the 84 samples 

analyzed . Of these, 39 were tintinnids, 9 were oligotrichs, 5 were 

foraminifera, 10 were radiolaria/acantharia and 9 were other protozoan 

species . Forty (40) species (56%) were found in 1975 while 61 (85I) 

were found in 1976 . Eleven (11) species (15I) were found only in 1975 

while 32 (44%) were found in 1976 . Twenty-nine (29) species (40I) were 

found in both years . Table 1 lists the occurrence of each species in 

1975 and 1976 . 

Species lists and abundances for each sample are presented in 

Appendix A. The number of individuals of the various groups per liter, 

the percentage of the total protozoa of each group represented, number of 

species per sample, species diversity indices, and total dry weight of 

the protozoan are presented in Appendix B. 

Table 2 indicates the distribution of the various species at the 



TINTINNIDS 

1 Amphorides quadriZineatct R x 45 Strombidium ovate X X 
2 CZimacocyZis scaZaroides x X 46 Strombidiwn strobitus X X 
3 CadoneZtopsis cunericana R X 47 Strombidium suZcatum X X 
4 DadayieZZcz ganymedes X X 48 Strombidium typicum X X 
5 Dietyocysta Zcrta X 

FORAMINIFERA 6 Dictyoeysta reticuZata X 
7 EpipZocyeZoides acuta x x 49 BoZivina striatuZa 
8 Eutintinmcs apertus X 50 BuceZla frigida 
9 Eutintinnus Zasus-undae x X 51 GZobigerina paehyderma X X 

10 Eutintinnus tenue X 52 Hastigerina peZagica 
11 OrmoseZZa bresstczui X 53 RobuZus reniformis 
12 ParundeZZa dificiZis % gADIOLARIA/ACANTHARIA 
13 ParundeZZa subcaudata R 
14 PropZecteZZa eZaparedei X 54 Acanthostarus paZZidus X 
15 PropZeeteZZu subcaudata X 55 Aeanthostarus purpurascens X 
16 ProtorhabdoneZZa coma X X 56 Acrobotrys sp . 
17 PseudometaeyZis ormata X 57 Anthocyrtidium ophirense X 
18 RhabdoneZZa brandti x 58 Conehidium argiope 
19 RhabdoneZZopsis triton X 59 HexaZoncha phiZisophica 
20 SaZpingacantha zcndata X X 60 LithomeZZisa setosa X X 
21 SaZpingeZZa acwninata X R 61 Neprospyris docris X R 
22 SaZpingeZZa minutissima X 62 StichoZonche zancZea K 
23 SteenstrupieZZa graeiZis X X 63 TripZaciaeantha abietiha X 
24 StenosemeZZa ventricosa X R 
25 Tintinnidiwn ineertum X R OTHER PROTOZOA 
26 Tintinnopsis acuminata X R 

64 Arrrphisia pernix 
27 Tintinnopsis compressa X 

65 EpheZota gerrrinaria 28 Tintinnopsis dadayi X X 
66 EugZypha Zoevis 

29 Tintirmopsis director X 
67 Euptotes minuta 

30 Tintinnopsis fennica R 68 EupZotes sexcostatus x 
31 Tintinnopsis Zevigata X 

69 Mesodinium rubrum x 
32 Tintinnopsis Zobiancoi X R 
33 Tintinnopsis mircuta g 70 Tiarina fucus 

34 Tintinnopsis saecuZus X ~1 Tiarina fuses 

35 Tintinnopsis tocantinensis X ~2 Tontonia graciZZima x 

36 Tintinnopsis tubuZosa % x 
37 Tintircrcus tubuZosus R X 
38 UndeZZa hyaZina X 
39 XystoneZZa treforti R X 

Oi.IGOTRICHS 

40 LohmanieZla oviformis X X 
41 Strombidium acuminatwn X X 
42 Strombidium caZkinsi X X 
43 Strombidizvn coniezun X X 
44 Strombidiwn corrcucopiae X 
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TABLE 1 

OCCURRENCE OF PROTOZOAN SPECIES ALONG TRANSECT II BY YEAR 

Species 75 76 Species 75 7b 



TINTINNIDS 
Amphorides quadriZineata 2 .7 .7 7 .3 1 .1 
CZimacocyZis scaZaroides .7 .2 .2 10 .2 
CodoneZZopsis americana 21 .3 .7 - .2 
DadayieZZa ganymedes 2 .7 .2 24 .7 .2 
Dictyocystcz Zata .2 
Dzctyocysta reticuZata .2 
EpipZocyeZoides acuta 6 .7 .2 1 .3 .6 3 .3 
Eutintinnus apertus .7 
Eutintinnus Zasus-undae .7 2 .2 2 2 .6 7 .3 2 .8 
Eutintinnus tenue .2 
OrmoseZZa bresslaui .2 
ParundeZZa dificiZis .2 
Parundetta subcaudata .7 
PropZecteZZa eZapcrredei .6 
PropZecteZZa subcaudczta .2 .2 .2 
ProtorhcrbdoneZZa cotta .7 2 .7 .8 
Pseudometacy Zis orrtata . 7 
RhabdoneZZcz brandti .7 1 .3 2 .7 
RhabdoneZZopsis triton .7 
SaZpingczcanthcz undatcz .2 .2 2 .7 1 .1 
SaZpingeZZa acuminata .7 .7 .2 
SaZpingeZZa minutissima 1 .3 
SteenstrupieZZa graciZi,s 3 .3 .6 
StenosemeZZa ventricosa 4 16 .7 1 .3 .9 .4 
Tintinnidium incertzon 43 .3 20 .7 8 2 
Tintinnopsis acuminata 4 2 .7 
Tintirazopsis compressa 1 .9 
Tintinnopsis dadayi 4 .7 .2 
Tintinnopsis directa .2 
Tintinnopsis fennica .6 
Tintirmopsis Zevigata .2 
TZYItZYIYEOj782S Z0bZQ32COZ 2 .4 
TZYitZYCn0pSZS 1I12YlZ1tQ 29 . 3 
Tintinnopsis saccutus 11 .3 
Tintinnopsis tocantinensis 11 .3 
Tintinnopsis tubuZosa 3 .3 .2 .2 
Tintinnus tubuZosus 4 5 .6 2 .7 .4 .7 1 
UndeZZa hyatina .9 .4 
XystoneZZa treforti .4 2 .2 

OLIGOTRICHS 
LohmanieZZa oviformis 5 .3 22 .7 11 .3 36 .1 12 9 .7 
Strombtidizvn acumincztum 1 .3 .9 2 .7 .7 
Strombidium caZkinsi 6 .7 22 .7 15 .3 13 .4 3 .3 3 .3 
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TABLE Z 

AVERAGE .ABUNDANCE (INDIVIDUALS/Q) OF PROTOZOA BY SPECIES 
AT EACH OF THE SAMPLING STATIONS ON TRANSECT II DURING 1975 AND 1976 

Species Station 1 Station 2 Station 3 
75 76 75 76 75 76 



Station 1 Station 2 Station 3 
75 76 75 76 75 76 

Strombidium conicamt 
Strombidiwn eorrcucopiae 
Strombidiwn ovate 
Strombidizon strobiZus 
Strornbidiwn suZcatzon 
Strombidiwn typieum 
Tontonia graciZZima 

FORAMINIFERA 
BoZivina striatuZa 
Bucetla frigida 
Conchidinium argiope 
GZobigerina paehydenma 
Hastigerz.na peZagiea 
RobuZus renifozanis 

RADIOLARIA/A~CANTHARIA 
Acanthostarus paZZidzts 
Acanthostarus purpurascens 
Acrobotrys sp . 
Anthocyrtidium ophirense 
HexaZoncha phitisophica 
LithomeZZisa setosa 
Nephrospyris doeris 
StichoZonche zaneZea 
TripZaciacantha abietiha 

OTHER PROTOZOA 
Amphisia perreix 
Ephe to to gemircarza 
EugZypha Zoavis 
EupZotes minutes 
EupZotes sexeostatus 
Mesodinizan rubrwn 
Tiarincz focus 
Ticrrina fusus 

.2 
7 .6 .9 
.7 

1 .1 
.4 

2 .7 7 .8 
.4 .2 

3 .6 
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TABLE 2 CONT .'D 

OLIGOTRICHS CONT .'D 

12 .7 52 .9 28 53 .7 26 .7 13 .6 
.7 

8 .7 1 .6 4 .7 16 .9 20 .7 7 .1 
10 .7 29 .6 17 .3 13 .7 6 7 .3 
38 85 .8 46 61 .9 35 .3 20 .2 
2 23 .8 3 .3 3 .8 3 .3 1 .9 

1 .1 .2 

1 .1 .2 
.2 
.2 

.7 .2 1 .3 .2 
.4 ~ .6 

.7 

.2 
.2 

.2 

.2 

.2 
1 .1 2 .7 .2 

.7 .2 
.2 
.2 



AVERAGE PROTOZOAN ABUNDANCE (INDIVIDUALS/JC) BY SPECIES FOR EACH SAMPLING MONTH IN 1975 AND 1976 

SPECIES Jan Feb Mar 'Apr May June July Aug Sept Nov Dec 
75 76 76 75 - 76 75 76 76 76 75 - 76 76 75 - 76 

TINTINNIDS 
Amphorides quadriZineata .7 .7 2 22 2 .7 .7 .7 .7 2 
CZimacoeyZis scaZaroides 14 .7 21 .3 8 
CadoneZZopsis amerieana 2 .7 2 .7 
DadayieZZa ganymedes .7 72 .7 1 
Dictyocysta Zata ,7 
Dictyocysta reticututa .7 
EpipZoeyeZoides aeuta 2 .7 8 1 .7 4 
Eutintinnus apertus .7 
Eutintinnus Zasus-undae 2 .7 2 2 2 14 7 .7 1 .3 4 .7 
Eutintinnus tertue ,7 
OrmoseZta bressZaui .7 
ParundeZZa difieiZis .7 
ParzcndeZZa subeaudata ,7 
PropZectetla etaparedei 1 1 .7 
PropZeeteZZa subcaudata 1.3 
ProtorhabdoneZZa eurta 4 1.7 
PseudometaeyZis ormata .7 
RhabdoneZZa brandti 8 2 
RhabdoneZZopsia triton 2 
Satpingaeantha undata .7 .7 .7 .7 .7 .7 4 .7 
SaZpingeZZa acuminata 2 1 .3 .7 1 
SaZpingeZZa minutissima 1 .7 
SteenstrupieZZa graciZis 
StenosemeZZa ventricosa 2 .7 4 3 .3 8 .7 .7 .7 2 .7 1 37 .3 
Tintinnidium incertum 3 .3 68 11 .3 5 .3 4 48 .7 
Tintinnopsis aeuminczta 3 .3 .7 1 7 .3 
Tintinnopsis eompressa 1 .7 .7 4 
Tintinnopsis dadayi 7 .7 
Tintinnopsis directa .7 

TABLE 3 
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TABLE 3 CONT .'D 

SPECIES Jan Feb Mar Apr May June July Aug Sept Nov Dec 
75 76 76 75 - 76 75 76 76 76 75 - 76 76 75 - 76 

Tintinnopsis fennica 1.7 
Tintinnopsis Zevigata .7 
Tintinnopsis Zobianeoi 1 .3 4 
Tintinnopsis minuta 29 .3 
Tintinnopsis saecuZus 17 
Tintinnopeis toccmtinensis 11 .3 
Tintinnopeis tubuZosa .7 3 .3 .7 
Tintinnus tubuZosus 2 3 .3 1 .7 4 1 .3 7 .3 
UndeZZa hyaZina 2 .7 
XystoneZZa treforti .7 1 .3 3 

OLIGOTRICHS 

LohmanieZZa oviformis 28 22 2 .7 5 12 8 3 2 2 5 4 .7 66 13 90 .7 
Strombidiwn aeuminatum 2 6 1 .3 1 .3 
Strombidiwn eaZkinsi 28 1 .3 5 .3 9 4 2 1 .3 2 6 1 .7 29 .3 5 73 .3 
Strombidiwn eonicum 42 18 .7 12 19 19 .3 34 25 .3 6 .7 2 10 .7 9 .7 134 .7 28 115 .3 
Strombidiwn eormueopiae 
Strombidium ovate 8 10 11 .3 3 7 .3 4 10 .7 3 .3 2 8 .7 1 .3 29 30 .7 
Strombidiwn strobiZus 32 5 .3 12 6 20 .7 12 15 .3 6 .7 5 .3 12,7 6 .3 53 .3 4 18 .7 
Strombidiwn sutcatum 56 32 .7 22 .7 43 31 .3 14 26 .7 10 16 .7 36 9 188 .3 47 184 
Strombidium typieum 6 .7 1 .3 2 4 4 3 .7 .7 2 34 3 44 

FORAMINIFERA 

BoZivina striatuZa .7 2 
BuceZta frigida ,7 
Gtobigerina paehyderma 2 .7 .7 
Hastigerina peZagica 1 .7 1 .3 
RobuZus reniformis 1 

RADIOLARIA/ACANTHARIA 

Acanthostarus paZZidus ,7 
Aeanthostarus purpzcrascens .7 



N i 
1-r 

TABLE 3 CONT .'D 

SPECIES Jan Feb Mar Apr May June July Aug Sept Nov Dec 
75 76 76 75 - 76 75 76 76 76 75 - 76 76 75 - 76 

Acrobotrys sp . .7 
Anthoeyrtidium ophirense ,7 
Conchidium argiope .7 
HexaZoneha phiZisophiea .7 
LithomeZZisa setosa 2 4 2 
Neprospyris docris .7 .7 
StichoZonehe zaneZea .7 
TripZaciacantha abietiha .7 

OTHER PROTOZOA 
Amphisia permix .7 
EpheZota geminaria 6 19 .3 
Euglypha Zoevis 2 
EupZotes minutes 4 
EupZotes sexcostatus 1 .3 
Mesodinium rubrum 3 .3 28 
Ticzrina fucus .7 .7 .7 
Tiarincz fusus 1 .3 9 .3 
Tontonia graciZZima .7 .7 1 .3 1 .3 
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Figure 1 . Abundance of Protozoa on_STOCS Transect II, 1975-76 . 



abundance data (Figure 1) . However, in more recent data (1977), there 

are indications of a winter and early spring maximum in protozoa abundance . 

The apparently greater protozoan abundance in 1975 may be spurious . The 

1975 samples merely seemed to be in a better state of preservation than 

the 1976 samples . The reason for the different preservation is unknown . 

Perhaps the formalin used in 1976-was not buffered properly . 

Besides the preservation difficulty, the 1975 data also suffers from 

extreme infrequency of sampling . The greater number of species observed 
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DISCUSSION 

The extremely low numbers of protozoa observed in these samples 

(Figure 1) is due to the inadequacy of the buffered formalin fixative . 

The extent of this problem is revealed clearly in Table 2, Appendix A 

which lists the total of protozoans found during November and December 

1976 in samples preserved with basic Lugol's as opposed to samples pre-

served with formalin . None of the soft-bodied ("other") protozoa (Tables 

1 and 3) survived formalin fixation . Occasionally, some oligotrichs 

were preserved . Tintinnids with arenaceous loricae, as well as those 

with hyaline or sculptured loricae, were preserved . Tintinnids with 

agglomerated (biogenic) loricae occasionally survived but were usually 

destroyed . The foraminifera, Fadiolaria and acantharia were all preserved 

with the buffered formalin . Due to the inconsistent preservation abili-

ties of formalin, it is impossible to extrapolate these data to more rea-

listic estimates of abundance for the various groups of protozoa . These 

data, then, should not be used for the interpretation of the role of 

protozoa in marine food web . . Likewise, correlations with physical .or 

other, biological . data would be meaningless . 

Also, because of very low abundances, no trends are evident in the 



December 1976 samples which were preserved with basic Lugol's (Table 2, 

Appendix A) . Table 4 shows the biomass data from the two depths at each 

station compared with the average macrozooplankton biomass data for each 

station reported by Park (1976) . 

Protozoan biomass averaged 8% of the macrozooplankton biomass . More 

recent data (Johansen, unpublished data) reveal that the protozoan biomass 
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in 1976, especially among the radiolaria, (Tables 1 and 3) merely reflects 

the greater number of samples collected in 1976 . Many protozoa species 

are somewhat restricted in their periods of maximum occurrence (Johansen, 

1976 ; Hedin, 1974) and can easily be missed when sampling is infrequent . 

Despite the lack of quantitative information contained in the data, 

there is much valuable qualitative information . For example, the data 

reveal that the oligotrichs, as a group, are widely distributed in 

time (Table 3) and space (Table 4) . This quality may permit the Oligo-

trichs to be useful indicators of water quality . On the other hand, 

the tintinnids as a group are more restricted in temporal and spatial 

distribution . For example, the hyaline and sculptured-loricate forms 

(e .g . Amphorides, CZimaeocyZis, DadayieZZa, Eutintinnus, OrrnoseZZa and 

RhczbdoneZZa) tend to inhabit more offshore regions while the arenaceous-

loricate forms (e .g . CadoneZZopsis, Tintinnidium, Tintinrtopsis) tend to 

inhabit inshore areas . Population alterations in individual species of 

tintinnids, therefore, may serve as very sensitive and immediate (short-

term) indicators of water quality at specific times or specific areas in 

the Gulf . The pelagic foraminiferans encountered and the radiolaria/ 

acantharia tend to occupy offshore areas while the "other" protozoa are 

more common at Station 1 . 

A small piece of quantitative data can be obtained from the November- 



December 12% 6% 3% 
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TABLE 4 

AVERAGE PROTOZOAN BIOMASS DATA IIXPRESSEI) AS PERCENTAGE OF 
MACROZOOPLANKTON BIOMASS, NOVEMBER AND DECEMBER 1976 

MONTH STATION 
1 2 3 

November SZ 4% , 177 
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may be as high as 59% of the macrozooplankton biomass, indicating that the 

protozoa are a significant fraction of the zooplankton community . 

There is increasing evidence (Hirota and S2yper, 1976 ; Beers et aZ ., 

1977) that stressed ecosystems tend to go from a macrozooplankton-net 

phytoplankton community to a microzooplankton-nanoflagellate community . 

If this is the case, a frequent monitoring of the changes in abundance and 

composition of the microzooplankton community may reveal short-term as 

well as long-term changes in the health of the marine community of the 

STOCS as a whole. 



Park . E . T . 1976 . Zooplankton, pages 154-193 . In Parker (editor) 1976, 
Environmental Studies, South Texas Outer Continental Shelf, 1975, 
Biology and Chemistry . Final Report to the Bureau of Land Management, 
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SACD = Sample Code 
S = Station 
T = Transect 

Date = Date 
Time = Time of Sampling 

Z = Depth .of Sample 
SPCD = Species Code 
NOPL = Number of Organisms/Z 
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APPEbTDIX A 

TABLE 1 

LIST OF SPECIES AND THEIR ABUNDANCE IN NUMBERS/2, 
FOR EACH SAMPLE COLLECTED IN 1975 FROM STATIONS 1, 2 AND 3 

ALONG TRANSECT II 

Explanation of Table : 



~ncu s i uarL f lI}k 1 spcu SPECIES NAME NOPL 
---w-- ---- W- M-W - --------- wmft~ ---------- w --- wmm"w 

AAKW 1 2 121/1H 1314 v)5 ?41r1d SfNUIHfiIUIUM CAI.KINSI 4 
AAhN 1 z 121174 13114 Ids 2405 S1kUMb1UlUM CUNIGUM 12 
NNKiv 1 2 121714 1311 WS 2424 S11tUMtsIUtUM STkIltiiLUS 
AAnN 1 c? 121114 1310 05 8425 STkUMHIUIUM SULCAIUM 20 
AAKrv 1 c' 1e11/4 1311 L45 1450 TINfl14NIUIUM INCEHTUM 4 
aNKH 1 2 1211114 131+o 05 1560 TlNi INNUS TUHULU3U3 

AAhL 1 2 121174 1310 10 1045 AHNrtUFtIUES G1UADkIl1NEATA 8 
AAKL 1 i? 11174 1310 10 1385 STENVSEMELLA VENtfiICUSA 
AAhL i 2 121114 1319 1+o zUlAS SikOMti]pIUM CONICUM 12 
ANKL 1 2 121714 1310 141 14Sy f11411N14UPSI5 AGUMINATA 4 

AANM 2 1 a10y1S 1754 1» 235 LOHMANIELLA uV1fUItMIS 12 
aAtdM 2 2 010975 1754 18 1360 SALF'1NGElLA ACUMINATA 

M z 2 diwy75 1154 !n 2400 STk()MBIOIUM GALKINSI 16 
AAivM 2 2 010915 1154 18 2u105 STHUMksIUIUM CUNYCUM 32 
AANM 1 2 010975 1754 18 2415 3TKUMd1UIUM OVALS 12 
ANNM 2 2 010975 1754 18 2420 9THUMbIUIUM 3tNUHILU3 12 
NANM 2 2 010975 ilSu 18 2425 STkUMdIUIUM SULGATUM 28 

AArvK 2 2 b10915 1745 id 32116 GLUB1GEkINA pACNYUEHMA 4 
AAwK Z 2 d1+d975 1745 14 2235 LUHMANIEII.A UYIFURMIS 44 
AArvK 2 2 010975 1745 10 1385 STENUSEMELLA VENTKICU3A 4 
AAi4K 2 e 010975 1745 1b 2400 STRUMHIUIUM CALKINSj 40 

K 2 2 010975 1745 10 2405 siRUM81UIUM CUNiCUM 5? 
RANK d 2 010975 1145 Id 215 STHUMt3IUlUM UVAI.E 4 
AANK 2 2 d1Wy1S 1745 10 24,20 STkualblDIUM 3TRUd1LU9 52 
anrvK 2 2 010975 1745 1e 2425 STKCIMNiUIUM SULC'A1UM 84 
NaraK 2 c! 010975 1745 ire 2430 5TRUMBIUIUM TYHICUM 12 

AAWM 3 2 121214 1200 1h 1085 CI.IMAGQCYI.IS SCALAKUlUE9 24 
AntaM 3 2 121274 1200 10 1115 UAUAYIELIA GANYMEUt3 4 
AAijM 3 2 121,2111 1200 1e 1160 EF'IPIUCYCLUtUES ACUTA 4 
NNIJM 3 2 1g!1274 1200 10 1185 EU1INIINNUS IASUS "UNDAE 9 



N 
1 
N 
O 

kCMIi 1 2 041715 1525 05 13135 S1ENl1SEMElLA VEN11tICU3A 8 
ACMt! 1 2 N417r5 1505 05 2395 51KUMdIUIUM ACUMINATUM e 

SALU 5 1 UA1E TIME 1 3FCU SPECIES NAME NUPL 
- w--- -~ mmft~ ~ mmft~ ~ ---- w 

AAiaM S 2 121274 1200 1d 4230 LI tHUMEL.LISA 3E1U3A 4 
AAwM S Z 12174 12"W 1m 235 LUHt+IANIEILA UVIFOkMIS 36 
AAUM S ?. 121d!/4 1200 10 1355 SALPINGACANiHA UNUATA 12 
AAwM 3 2 11214 1200 1h 1380 3TEENSTRUwIELLA GRACILIS 16 
AkUM 3 2 121214 1200 lb e4Na S1FtUhiHIUIUM CALIcINS1 8 
AANNi S 2 121274 1Zoo 10 e405 SikuMSiUIuM CUWiCUM 52 
aaWM 3 ?. 121214 1200 10 2415 SikUMHiaIUM UVALE 44 
AAi,+M 3 ?. 121214 1200 lte 2420 STHUMHIUlUM 9TFtuBILUS 4 
aAUM S 2 121274 1200 1d 2425 SfROMbIDIUM 3ULGAtUM 89 
ANi4M 3 2 121214 1200 1d 145(d TINII(vNIDIUM INCERtUM 4 
AAwm .S 2 121214 lZOe 10 1540 lINT1NNUpSIS 5ACCULUS 32 
AnUM 3 c? 121214 1200 ire 1590 xYStUNELLn TKEFUklt 12 

ApUU 3 ~' 121274 1200 25 1085 CLIMAGOGYLIS SCAL.ARUIUEB 6 
AnwU 3 ~ 11214 12od 25 116 EPIPIUCYCLUlUES ACU1A 12 
AlWU 3 2 121214 1200 25 1185 EUTINIINNUS LASU3-UNUAE 8 
naUu 3 2 121274 1200 25 4230 L11HUMEI.LISA SETuSA 12 
AAtjU 3 Z 121214 12Yid 25 2235 LLINMANIELLA UV1FUItMIS 16 
NNuU 3 2 1212711 1200 ZS 1355 SALPINGACANTHA UNUATA q 
AAUU 3 ? 11274 1200 25 1364 SAl.P1NGELLA ACUMINATA 4 
AAWU 3 2 121274 12oN 213 1313b STEENSTRUPiELIA GFtAC1L1S 4 
AAtJU 3 2 121214 1200 25 241616 3tRU(wbIb1UM CALKIN3I 9 
Aauu 3 2 121274 l,JOO 25 24e5 S1HUMtilplUM CUNICUM 36 
AAwU s 2 11274 1 .200 25 e41a 3TkUMbIDIUM GUKNUCUNIAE 4 
AAW(1 3 2 121-214 12oo 25 2415 S(kUMl1IUlUM lIVAIE 72 
nAWU S 2 121214 1200 25 2420 STKUMBIUIUM STHUtt1LUS 8 
AAwU 3 2 121274 1200 25 2425 STkUMtsID1UM 3Ul.GAi.UM 80 
anwu 3 2 121274 1200 25 24 .316 STFtUhihIUIUM TYP1CUr4 12 
NAWU 3 Z 121214 120N 25 1454 TINTINNIUIUM INGkFtIUM 8 
AAwu 3 2 121LJ7U 12ve 25 1515 TINTINN(lPBIS LUH1Ah1CUI 1Z 
t+AWU 3 2 11274 1200 25 1540 TiN1iNNOPSIB SACCULU9 36 



Id AN 3WVN S3IIldS (I3eiS 7 CWT t 3 1 Mo I S (l)v9 

2t ISrviXIvI wnintpWOti1S ooh? ST (A ISi SLBihA ? ?. 4aia 
STWNOAtAO Vll3tNVwNOl Sf2?_ SI piSt SlR1hN ? ? 4dId 

8 3dc1Nn-SnSVI SnNNI1N11n3 SRit St N1SI SlQIhV 2 ? Ad7v 
Vl11lVIH1S VNIAIIfIfi SSOF St PtSr SLRibH ? ? AdIV 

h Vld3NIlI?l(11I(1M S30INf1NdwV ShAT ST NTSI 5lPihP 2 2 4d:1V 

l Sf1Soif18111 Sf1NNt1NI1 095T PT ATSZ SLR1bP 2 ?. (Idi11 
hz Wnl~H33NI W/1tf1INNt1tlll AShT of V1I51SIHThPI ? ? f14'1M 
e wniwi wnrotnwoats eja? vt Ntst sLutnV 2 Oir+)v 45 wntviins wntotawoHls s?n? pt vtst ScRtnv ~ ~ adav 
zt sn7iAO"1s wnioiqwoHls p2n? of NiSt SLNIb0 2 ~ od)d 
z£ WniINf)3 wnIOIHw(1N1S 50b? of ATSI SIRThp r ? nel1a 
bZ ISNIVlV3 Wf1IqminHiS mob? of NTSi S(Aiha 2 Z adjV 
9t wnlvaiwnaV wniniqwnNts 56v2 of NtSt StNtrc+ 2 ~ nd3h 
h VS031H1N3A 1I113W3SnN315 SAfI A1 NT51 S1Biho Z ? cld'lV 

SIWHn4IAO vll3INVwNp'1 S£Z? of OM S1RThH ?_ P adiv 
vinlvINIS VNtAtlOA SSA of PTST SLRth11 ; ? qcl;)d 

snsoinent snNrvtlNil 095T 01 V?5I Sl!?nO 2 t 711ti 
1AVaVa SISdONNT1NT1 OJBhT Al oZSj SLI ThP 2 T 711t1 

ZIT wniH33Ni wniatNMI1Ni1 ASat Pi a25t StLinP ? t 77lv 
AZ w11m1f1S wntcliAwnH1S Szh2 Opt 025t St.! ihA ? i T1:1V 

3lVAO wfltfltA!4ONiS Sib? of O?Si SLl tbN 2 t ZlIv 
b wnjiNOI Wf1I0IAwntf 1 S ;oh? u t N751 5l t T hv~ ? 1 7'11d 
b VSO3iN.lN3A Vll3W3SnN31S SAft HT N?ST SlLtnP ? I l.l1n 

SIWNOAINIH Sn'IIlAfld oSsf of H?SI SLL Iho ? t 713d 
sIwHn4IAO Vll3INVWHOI Sf?.2 01 N?Si Stl inP ? I Zl')b 

v1v3NiIiaclvnM Sl4iH11NdwV ShHT 01 NEST SLLtnA 2 1 711v 

9 Swlf1Af11 SINN T 1 N I 1 09S T Sty S?S t 5L l t hA ?. T A01;)tr 
91 iAv4VC7 SISdnNNIlrJTl PAat SO S?ST StL1hP ;~ ~ 1 owiv 
zb wI11H33NI Wfli(IINNTINTI AShi SCI S?.SI 5LlthN ? t Aw7H 
e wnlv3lns Wf1I(IIAWQNIS S2h7. So S?St SlLtbP ? T Fw'lV 
h wf1jIN(l3 wf1T(ITHwnH1S so"? 5p ;?ST SL! IhP 2 ! Aw'lb 



SALU s I UAIE TIME 1 SPCu SPECIES NAME NOPL 
ww-= - - M~m~ ~m~ ~_w~ m- W-mm 

i 

AGSE 3 2 451675 1615 23 1015 ACANTHOSTOMEILA NURVEGICA 4 
ACSE S 2 451675 1b15 23 1(d4S AMPHURIDES QUAURiLINEATA 12 
AC5E 3 2 HSIb'l5 1615 23 1085 CLIMACUCYLi3 SCALAHUIUE3 24 
AGUE 3 2 d51615 1615 23 1115 UAUAYIELLA GANYMEDES 76 
aCSk 3 2 451615 ibis 23 ties EUlINT1NNU3 lASU3-UNUAE 8 
AGSE 3 2 051675 1415 23 2235 L(JHMANIELLA UVIFUkMI3 12 
AI;SE 3 2 dS1675 1615 23 1245 PAFtUNDEIIA 3UHCAUUATA 4 
ACSE 3 2 d51b15 1615 23 2400 STFtUMt31DIUM CAIKINSI 4 
ACSE 3 l 051615 1615 23 24145 STFtUMBIDIUM CUNICUM 64 
nCSE. 3 2 051615 1615 d3 42420 STkUMBIUIUM S1kUHILUS 12 
AGUE S 2 d51b75 1615 23 2425 STkUMtiIDIUM 9ULCAfUM 8 
pCSE 3 2 051615 1615 23 2430 STkUhi81UIUM lYNICUM 4 
ALbL 3 d 051615 1615 23 1560 11N11wNUS TUBUlUSUS 4 

NLNF 2 2 041875 1510 15 2445 SIRUM61UIUM CUNICUM 36 
ACPF 2 2 d41tfl5 1510 15 2415 STRUMb10IUM UVAIE 8 
ACNF 2 2 041875 1510 15 2420 STHUMtiIUIUM STRUHILUS 12 
at;PF 2 2 041875 1510 15 2425 sTHOMHiUIUM SuLLA1uM 88 
NGNF 2 2 041815 1514 15 1450 1INTINNIDIUM 1NCERfUM 24 

ACSC 3 2 dSlb75 1615 1(0 1045 AMpH(MIUES GIUAURILINEATA 32 
AC3L 3 2 051675 115 1(D 1085 CLIhiAGpCYLIS SCALAHOIUES 4 
ACSC 3 2 X151475 1615 10 1115 DApAY1kLLA GANYMEUES 68 
aCSC 3 2 051675 1e15 lo 1160 EPIPLUCYCLUIDE3 ACUTA 4 
ALsc 3 2 051675 1615 10 1105 tutln+liNNUS LaSUS-uNDAE 20 
A(.SC 31_ 051675 1615 1b 2235 LUHMANjEL1.A UVIFUKMIS 4 
pGSC 3 2 bSlblS 1h15 16 1305 PKUTURNAHUUNELLA CURIA 8 
pC3C 3 e 051675 1615 10 1334 RHAdUUNELLA NFtANUTI 16 
AGSC 3 2 051675 1615 la 1345 HHAbUUNELLUP3I5 TRITON 4 
AG3C 3 8 051675 1615 10 2405 STKUMbIUIUM CUN1CuM 4 
AGSC 3 2 d51b75 1615 1e 2415 S1kUMBIUIUM UVALE Et 
ACSG 3 2 (A5167S 1615 1e 2420 31ftUMtiIUIUM 3TFtUBIIUS 12 
AC5G 3 2 dSlti75 1615 10 2425 31FtOMbiUIUM 3ULCA1UM 20 
ACC 3 2 05105 1615 1h 2430 STkOFtliIDlUM iYPICUM 4 



AFMO i cl eydUl5 1345 11 1085 CLIMACUCYLI3 SCALAKUIUE9 4 
Akr4H 1 2 090415 1345 11 1090 COUUNLLLUPSIS AMERICANA 52 
AkMH 1 2 0ydu15 1345 11 1115 UAUAYIEIIA GANYMkUES 4 

H 1 e 090475 1345 11 1125 pAUAYIELIA pACHYTUECU3 4 
AE~~b 1 2 09a475 1345 11 llbd EPIPLUCYCLUIWE5 ACUTA 24 
AEt48 1 2 J9H4lS 1345 11 2235 LUFiMANIELLA UVIFURMI$ 1Z 
Akttb 1 d 4vd'175 1345 11 1310 PSEUUt)METACYLIS UHNATA q 
AE:Mtf 1 2 090475 134S 1 1 1330 RHAHUUNELLA HkAND II 4 
AkrAH 1 Z 1690415 1345 11 1365 SALPINGELLA MINUfISSIMA 4 
AEMb 1 ?_ 090475 1345 11 2400 31kOMbIUIUM 4ALKiN3I 28 
Atari 1 Z 090415 1345 1 1 2405 S TRUMH jDIUM CUNICUM 20 
AtMti 1 e kf904)S 1345 11 241 STkUMBIUIUM UVALE 16 
AtMli 1 ? 090415 1345 11 2420 S1kUMtiIUIUM STkOH1LUS 40 

SAGU S 1 UA(t TIME 1 SNCU SPECIES NAME NUPL 

AtLt 1 2 09u475 1345 1d 1090 CUUUhELLUNSIS AMtkiCANA 76 
AEL1 1 2 090475 1345 10 1115 UAUAYlELLA GANYMEULS 12 
AEL1 1 2 090415 1345 10 1125 UAUAYlEILA NACNYTUECUS 4 
ALLZ 1 2 090475 1345 10 iibd EPIPLUCYCLUtUES ALUTA 16 
AELL 1 i! 090475 1345 1d 1185 EUTIti11NWUS LA5US-UNUAE 4 
AEL1 1 2 dy04lS 1345 1d 235 LUHMANiELLA uvlFUkMtS 12 
ALLZ 1 2 NyW415 1345 1d 1365 SAlP1NGELLA M1NU11S3IMA 4 
AtL1 1 2 090415 1345 10 1385 STENUSEMELLA VENIKICUSA 8 
Atl1 1 2 090415 1345 lkt 2400 91kUMBIUIUM CALKINSj 8 
ALLZ 1 2 090415 1345 1d 2405 STHOMHIUIIIM CUNICUM 24 
ALLZ 1 e 090415 1345 la 2415 STkUMNIUIUM UVALE 32 
ALLZ 1 2 090475 1345 1d e420 STkUMHIUIUM STkUHILUS 20 
ALLZ 1 ? 090415 1345 10 2425 STkUMOIUluM SULGAIUM 88 
ALLZ 1 2 090475 1345 1d 2430 3fHQMbjUIUM TYNICUM 8 
ALLZ 1 2 d90475 1345 la 1450 1IN1iNNIDIUM INCERTUM 4 
AELZ 1 2 090475 1345 1y 1455 TINi1NNUPSIB ACUMINATA 1b 
AEL1 1 2 090475 1345 10 1520 TiNT1NNUNSIS MINUTA 132 
ALLZ 1 z 0yWy7S 1345 10 1550 TINTINNUP5IS fUCANTINEN3I3 40 
AEL1 1 1 090475 1345 la 1555 TINT1hNUP3I3 TUbULUSA g 



SACU 5 i UAIE TIME Z SPGU SPECIES NAME NOPL 

r 
i 
r 

U 
4 
4 

12 

AkSk 3 4~ 090b!5 1h52 29 1180 EU1IN11NNU3 APEFtiUS 
AksE 3 2 dg0b75 1652 29 2235 LqHMANIELLA uv1FUKMis 
AESE S r 490615 1652 29 1305 PRUTUkNAtiUUNfLLA CURIA 
AESt 3 d 090675 1652 29 2425 SiFiUMbIUIuM SuLCn1uM 

AEMH 1 ? 096475 1345 11 245 STkUMbIUIUM SUL4AlUM 
aEM8 1 r 09a475 1345 11 2430 STHOMbIDIUM TYPICUM 
AEMb 1 2 090475 1345 11 145 TiNT1NNlUlUM INCEkTUM 
AkMb 1 2 by0y15 1345 11 1455 tINTiNNUPSI3 ACUMINATA 
AkMd 1 2 090475 1345 11 152 T1NfINNUPSIS M1hUTA 
AE.r1ti l 2 16916475 1345 11 155ra TIN11NNOPSIS TUtANTINENSis 
AEMK 1 2 090475 1345 11 1555 TINTINNUPSI3 TUBUL03A 
AkhIH 1 2 090475 1345 11 1564 1INTINNUS TUbULUSUS 

AENE 2 2 090515 1430 la v13(d DICTYUCOH1rNE PNOFUNUA 
AENL 2 ;J~ 090575 143 to 1165 EUIINTINNUS LASUS-UNUAE 
AtNt e e 090575 1434 1N 4255 NEi'HkOSF'YRIS UUCK13 
ACNE 2 e 0905 75 1430 10 1331 RHAHGUNEILA f3RANl) f 1 
AtPE c' z d9d575 1430 110 2405 STkUMH10IUM GUNICUM 
AFF'E 1 2 090575 1430 to 2415 STRON181UIUM UYALE 
HEFT 2 2 r~ydS15 . 1430 10 2420 STHUMbIU1UM STkU8ILl13 

'L 2 2 090575 1434 1d 2425 31RUMHIUIUM 3ULGAIUM 

AkF'G 2 Z 090575 1430 25 1160 ENIPLUGYClU1DES ACUiA 
ALFI; 2 i~ 090575 1434 25 13310 RNAbUfiNELLA HkANpTI 
Atl'G 2 i' d9d51S 1431 25 2420 STRUMkiIUIUM 3TkUEiILUS 
ALPG 2 r 090575 1430 25 2425 3TFtUMUIUYUM 5ULCAIUM 

AE5C 3 2 090675 1652 1H 321(4 GLUHIGERINA PACHYUEF2MA 
AkSC 3 2 090615 1652 la 135 PRUfUftHAbUUNELLA CURIA 
AtSC 3 2 b9d675 1652 10 24W5 SfkUMBIDIUM CUNICUM 
AkSC 3 2 09005 1652 1d 2425 STRUMHIOIUM SULGATUM 

92 
u 

28 
4 

44 
28 
12 
4 

4 
u 
4 
4 

16 
4 
4 
1b 

9 
4 

12 
4 

8 
4 
4 
q 



SACD = Sample Code 
S = Station 
T = Transect 

Date = Date 
Time = Time of Sampling 

Z = Depth of Sample 
SPCD = Species Code 
NOPL = Number of Organisms/Q 
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APPENDIX A 

TABLE 2 

LIST OF SPECIES AND THEIR ABUNDANCE IN NUMBERS/Q 
FOR EACH SAMPLE COLLECTED IN 1976 FROM STATIONS 1, 2 AND 3 

ALONG TRANSECT II 

Explanation of Table : 



Spcu 5 t uNi E 1 1ME Z SpCU SPECIES NAME NO PL 

a 

Auv4M 3 2 020176 1800 21 1045 AMPHUkiUES (JUAGRILiNEATA 4 

ASP 1 2 42We16 1730 d5 e405 S1HUMn1UlUM CuN1GUM 
A68N 1 2 4tJ-0276 1730 05 2420 StFtUM8101UM STkUdIlUS 
A63H 1 2 020276 1130 05 156e 1INTIN14US TUBULUSUS 

AG5N 1 2 020216 1730 1b 5175 EUHLUTE9 SfXCU3TATU9 
AI;SN 1 2 020216 17310 1y c'4bk1 STHUh1HIUIUM CALKIN9t 
AVSN 1 2 020276 1730 ld 2405 3TKUMIiIDIUM CUNIGUM 
A6SiV 1 e- ideo2lb 1134 1+1 24216 STkUMaIUIUM STHUbILUS 
AGSN 1 2 020276 1730 1d 2425 3TkUMtiIUIUM 3ULCAlUM 

A6UG 2 2 020,216 lield 10 2235 LUHMANIE.I.LA UVIFURMIS 
020216 1214 10 2405 STFtUMkiIUIU14 CONICUM 

AuU6 2 Z Id202lb 121e Id 2415 STkUMtsIUIUM UVALE 
A6UG 2 2 020276 1210 lld e420 STRUMBIUIUM 3TKUHILUS 
nuu6 e 2 02k)216 1210 1d 2425 STKOMeio1UM SULCATUM 

AGUJ 2 2 020216 1211 14 3214 GLUH1GEFtINA PACNYUEkMA 
HbuJ z 2 020216 1214 14 2235 LUNMAwIELLA oY1FURMI3 
AVUJ 2 2 020e16 1210 14 2400 STFtUMHjpjUM CALK1N31 
a6UJ 2 2 020276 1210 14 2405 91RUM81uIuM CoNiCUM 
AGUJ e 2 020276 1214 14 2415 STItUMdIDIUM UVAI,E 
AI;UJ 2 2 420276 1214 14 c'42S 81'FtQMdiDtUht SULCAIUM 
I+6UJ 2 2 020276 1210 14 2430 STHUMBtUIUM iYNICUM 

AGwK 3 2 d2017b 1755 1d 1185 EUTINIINNUS LASU5"UNDAE 
AGoK S 2 Ue01 Ib 1755 1d 1265 URMUSLLLA HKESSLAUI 
AGwK 3 2 02+n1/v 1755 10 1355 SALPINGACANiHA UNUATA 
AGwK 3 2 dzal7b 115 Id 245 5THUMHIUIUM CUNICUM 
A60K 3 2 020176 1155 10 2415 STHUMtijUIUM UVALE 
AGwK 3 2 020176 1755 10 2420 STROMHIUIUM STkUH1lU3 
AI;wK S 2 IdeWb 1155 10 2425 sTHUMdIuIUM SULCnTUM 
AGwK 3 2 020176 1755 10 1590 XY3TUNEl.LA tkEFOFt11 

24 
4 

12 

8 
4 
8 
8 
4 

36 
52 
32 
8 

76 

4 
96 
4 

116 
16 

$4 

e 
4 
4 
u 
4 
4 
8 
4 



SACU 5 t UAtE (IME Z 5PCU SPECIES NAME NUPL 
-wmm -- M--m 

AGSM 3 d 020176 l6dd 27 1185 EUTiNtINNU3 LASUS-UNUAE 9 
AbwvM 3 e 020116 1800 27 2405 9INUMbIOIUM CUNICUM 8 
AbwM 3 2 eLo17e 1800 27 2415 51kUMBjp1UM UVALE 8 
At;Y:M S 2 020116 18hd 21 242(A 3TRUMbIUIUM S1FtUt11LU9 8 
AWoM 3 2 02o17h 1000 27 2425 STHUMHIUIUM 9UlCAtUM 20 

aJIL 1 Z dSi6la ilud 05 1385 S1ENUSEMELLA YENTKICU3A 4 
AJLL 1 2 03187b 1140 65 2395 STFtOM8101UM ACUMINATUM 4 
AJLL 1 2 d31ts1b ltud 05 2400 31kUMbIUIUM CALKINSI 4 
AJLL 1 2 031876 llqd 05 24214 STkUMliID1UM 3TkUtiILU3 20 
AJLL 1 2 (e3ltilb 1140 05 245 S1kUhIbIUIUM 3ULCATUM 8 
AJLL ! 2 b3ltslb 1140 05 1454 T1N11NNIUlUM INCERTUM 8 
AJLL 1 2 031ti7b 1140 05 156e TiN1INNUS 1UliULUSUS 12 

AJLJ 1 2 031d1b 1141 10 3055 HULIVINA S1N1AlUlA 4 
nJI.J 1 e 031816 1140 la 1300 pROPLECTkLLA SUOCnUUnTA 4 i' 
AJLJ 1 2 031876 1144 to e395 S(FtUMbIUtUM ACUMINAIUM 4 
AJLJ 1 2 031876 1140 !o e405 STFtUMiiIUIUM CONICUM U 
AJLJ 1 2 031816 1140 10 2420 3TkOMH1UIUM STkUH1LU3 4 
AJLJ 1 2 F»ib7b i1vW 1d 2425 S1KUMBluIUM SULGaTUM 20 
AJLJ 1 2 aSltfl6 llyd 1b e430 STkUMtiIUIUM TYPICUM y 
aJI.J 1 r 031676 ilea lb 1454 TIi4T1NNlUluM INCkH1uM 12 
aJLJ 1 2 031e76 ii4o 1N 1505 TINFINNUPSis LEVIGnTA 4 
AJI.J 1 2 031d76 1144 1b 1564 1INIINNUS TUHULUSUS 

AJIVG 2 2 031976 0020 1b 2235 LONMANIELLA OVIFURMt3 H 
AJ146 2 2 031916 0820 10 1305 PHUTUKHAbUuNtLLA CURIA 4 
AJrv6 2 2 031916 0820 10 2395 StItUM8101UM ACUMINAIUM 4 
NJ146 x j? 031916 082e 10 24aH S1kUMti10 1 UM CALKINSI 16 
AJN6 2 2 e31916 0820 10 2405 STKUMBIUIUM GUN1LUM 12 
aJra6 2 e 031976 0820 1e 2415 31kUMNIUIUM UYALE 24 
AJ146 2 2 031916 0820 10 2424 $1KUMtlIUIUM S1'RUHILU$ 
AJNb 2 2 wjlylb 0620 ld 245 STtiUMH1UIUM SULGAfUM 24 
AJw6 2 2 031916 0820 to 1590 X1fSTUNELLA TkEFOKTt 4 



SA(,U S 1 UAIt TIME 1 SPCU SPECIES NAME NUPL 
~W~m -- ~m -- m~-w ..... W .... ~-w ..... W .... -W~W~~W~~w 

AJwI 2 2 031916 0820 14 4005 ACANTHUSTARU3 F'UftPUFiASCEN3 4 
AJWl 42 2 431916 0020 14 1V1H5 CLIMACUCYLIS SCALAkUIUES 4 
AJrjl 2 2 431976 0820 14 1185 EUIINIINWU3 LnSUS"UNUAE 4 
AJ141 de c! H31y7b d920 14 2235 LUHMAiviELLA UVIFUFtMIS q 
pJNl l 2 031916 0820 14 130e PRUHUCTELLA SUtiCAUUATA 4 
AJ141 2 2 N31y7b 0820 14 1305 PRUTUkHABUUNFILA CUHTA 4 
AJIV1 2 2 031916 0820 14 2400 STkUNIBIUIUM CALK11431 8 
AJ141 2 2 e31976 0820 14 2405 3TFtuMNIDIUM CUNIGUM 32 
AJwI 2 2 asly7d 086) 14 e415 3TkuMUi01UM UVALE 1b 
AJwt 2 2 031976 0820 14 2420 SfkUMBIUIUM 3TKUHILUS 28 
AJN1 2 2 a3197b 0820 14 2425 STHUfdNID1UM 9ULCATUM 36 
aJNt 2 2 031916 0820 14 2434 STRUMbjUIUM tYPIGUM q 
AJwI 2 2 d31y7b 0820 14 1555 TYNIINNUP3I5 TUtiULUSA 4 
AJlqI 2 2 431916 0820 14 1594 XYSiUNELLn TREfUHlI q N 1 
AJF'K 3 2 d31y76 1530 10 1045 AMPNOhtIUE3 WUADFtILINEAtA 4 0~'0 
AJF'K S e 031916 153N ld 11!35 EUtiNTINNUB LA5US-UNUAE 8 
A,1NK 3 2 031976 1530 10 3210 GLUEiIGEKINA pACHYUEKMA 4 
AJF'K 3 2 031976 1530 10 2235 I.UNMAN1ElLA uVIFURM .IS a 
AJNK 3 2 031416 1534 10 2405 3THUMtsIUIUM CONICU14 16 
AJNK 3 2 031976 1530 10 2415 3TkUMBIUIUM UVALE 20 
AJPK 3 2 031916 1530 1a 242+o STku+wdIUiUM STHUd1LUS 
AJNK 3 2 031916 1530 ld 2425 3TkUMd1UIUM SULCATUM 48 

AJF'H 3 2 031916 1530 15 1085 CLiMACUCYIIS SCAI.ARUlUE9 4 
AJF'M S 2 031976 1534 15 1355 SALPINGAGANTHA UNUAtA 4 
AJI'M S 2 431y7b 1530 15 2400 SfftUMHiUIUM CALKINSI 4 
AJNM 3 2 031916 1534 15 2405 3THUMBIUIUM CON1(.UM 8 
AJNM 3 2 431976 153 15 2415 STHUMBIUIUM UVALE 8 
AJNM S 2 031916 1530 15 2420 sTKUrwbIUIUM SikUBILUS 4 
AJPM 3 2 031976 1534 15 e425 5TFtUMBIUIUM SULCAtUiH 36 

AKtK 1 2 0404e7b 1210 06 5170 EUPLUIE3 MINUTA 16 



SACU 5 1 UAIE TIME Z SNCU SPECIES NAME NUPL 

AKth 1 2 040216 1210 db 2235 LOHMANIELLA UVIFUF214IS 16 
AKtK 1 2 0,40,276 ldlvl 06 1385 STENuSEMELLA VENTHICU3A 8 
AKtK 1 2 dNds2lb 1210 06 2400 5TkUMHIUIUM CALKIN3I Ei 
AKtK 1 s? d4I02Ib 111H (46 2405 9(KUMtiIUIUM GONICUM 4 
AKtK 1 2 0u027b 1210 bb 2420 3(kOMBjU1UM STItUH1LU3 20 
AKE.K 1 1 dqd2lb 1210 bb 2425 SfKUMdIUIUM $ULGAIUM 36 
AKEh 1 e 040216 12114 bb 243d3TKUMtiIUYUM TY!'1CUM q 
AKtK 1 2 dv02la 1210 d6 1454 TINT1NVIUIUM INCtHTUM 40 

AKE1 1 2 04027b 1210 to 5170 EUPLUTE3 MINUTA 4 
Ahtl 1 2 bu02lb 1210 Id 235 LUHMArvIELLA UVIFU1tM13 16 
AKE1 1 2 040276 1210 id 1385 31E.ivu3EMELlA VENIKICOSA 4 
AKti l e 440276 1214 1b 2400 SiHUMHIUIUM CALKiNSI 9 
AKkI 1 2 040216 1214 10 2405 51FtUMH1UlUM C0141CUM 12 
AKrI 1 2 04006 1214 1b 2424 STkUMdID1UM 3TKUli1t,U3 16 
AKEI 1 2 04o276 llld to 2425 SfkUMHIUIUM BULCATUM 28 ;' 
AKE1 1 2 04021a 1210 10 2430 51KUMBIUIUM TYF'ICUM q 
AKtl 1 2 d4W216 1214 !d 145e TINIINNIUIUM INGERTUM 2b 
AKE I 1 1 0402 )6 121 a 10 1564 T I(v t INNUS TUbULUSU3 8 

AKIN L 1 040316 0825 08 2235 LUHMAhIELLA UVIFOFtMIS 4 
AKIN 2 c' 040376 dtSc'5 478 24(Ad SIRUMb1UlUM GALKIrvsi u 
AhuN 2 2 d4e31b 0825 dH e405 STkUMEijGiUM CUWIGUM 2E3 
AKGN z 2 040376 0825 be 2420 sTKUMwIUtuM slkuaiLUS 40 
AKIN 2 2 d'1bS1b 4825 dH 2425 S1RUMdIUlUM SULCATUM 36 
An6rv 1 e d4d37a 4825 do 2434 sTkuMHIUIuM IYHiGUM 4 
AKIN e 2 040316 0825 .08 1454 1INT1rvN1UIUM INCEkTUM 8 

AK6L 2 2 040376 0825 1b 2235 LUHMnnIELLA UvIFUHMIS 24 
AK6L 2 2 041)316 0825 10 135 5TE140SEMELLA VENTFtICU3A 8 
AK6I. 2 2 040376 41825 10 241014 $TFtUMH1UIUM CALKINSi 4 
AIcGL 2 2 040376 dBZS 1b 24(45 31RUMBIUIUM CUNICUM 40 
AK6L 2 2 040376 0825 to 2415 S1kuMbIUiuM UVALE 28 
AKGL 2 e d40316 0825 10 2420 STkUMBIUIUM STkUd1LU3 16 



SACU 5 1 UAIE TIDE 1 SHGU SPECIES NAME NOpL 
mw 

AKGL 2 2 040376 0825 10 2425 9tRUM81pIUM SULCAfUM 56 
AK6L 2 2 D4w3Ib 0825 id 2430 STRUMBIUIUM TYPICUM 8 

AK1T 3 2 d40316 1624 10 4020 ACHOBUfkYS 3P . 4 
NK11 3 2 0u0slb 1620 1d 511d EUPlUTE3 MINUTA 4 
AK11 S 2 040316 1620 1d 1355 SALPtIVGAGANTHA UNUAIA 4 
AKIi 3 2 dVvIS16 1620 10 e405 SfkUM6IUIUM CUNICUM 16 
Ak1T 3 2 040376 162d 1d 2415 SiRUMBIUlUM UVALE 12 
ahil 3 2 040376 1620 ie 2420 sTkoMBiUluM slkUdlLus 12 
AK1T 3 2 040316 1620 to 2425 3fKUMBIUIUM SUICATUM 16 
AK11 3 d 040376 1624 10 243 STHUMBIpIUM IYPICUM 4 

/ AKiv 3 2 040376 1635 1b 1115 OAUAYIELLA GANYMEDE3 u 
AK1V S 1 040316 1635 16 1185 EUIINTINNUS LASUS-UNUAE 12 
AK1V 3 1 040376 1b35 Ib 2235 LUNMAhIELLA UViiURM19 12 
AklV 3 2 040376 1635 1b 1305 PRUTUkNAdpUNELLA CUHTA 

o AK1V 3 2 040316 1635 16 4390 5T1LHULUNCME IANCLtA 4 
r AK1Y 3 2 040376 1635 14 2405 STRUMBjDIUM CONICUM 16 

AKIV 3 2 040376 1635 16 2415 sTRUMBIUIUM UVALE 4 
NKIV 3 2 H4a37b 1b35 1b 242e STHUMNIUIUM STRUBILUS A 
AK1V 3 2 040316 1635 16 245 3THUM81pIUM SULCAIUM 16 
AK1V 3 2 040376 1635 16 e565 1UNIUNIA GRACILLIMA 4 

ALbw~ 1 2 bb031b llZd 07 1185 EUiINTINNU3 LA9US "UNUAE 16 
ALbW 1 2 dbd37b 112 dl 1385 S1ENU3EMELLA VENTKICUSA 16 
ALtjw 1 c 060316 1124 07 2400 STkUh1bIUIUM CALKINSI 4 
ALbW 1 2 bbh316 1120 vil 2405 9TRUhi61UjUM CUNICUM 20 
ALBw 1 2 060376 1124 07 2415 S1RUMbIUIUM UVALE 
AL66 1 2 dbeSlb 1120 b7 2420 S1kUMBiD1UM STHUBILUS 4 
ALbw 1 2 060376 1124 07 2425 3iHUMBIUIUM SULCATUM 12 

ALtiU 1 2 IAb(JS76 1120 10 10910 COUUNLLLUPSIS AMERICANA 12 
aLBu i 2 060376 1120 l o 1185 Eu T I+v11NNUS Lasus-uNUnE 16 
NI.bU 1 i dbOS76 112N 10 1235 LUHMANjEL1.A UVIFUHMI3 4 



ALFG 3 2 k166676 0925 1d 3215 HASTiGEKINA NELAGICA to 
AFC 3 2 Wbbblb 0925 1d e235 LONMANjE1,LA UVIFUftMIS 10 
SLFC 3 e 060676 0925 la zuas stHOMd1UIUM CONICUM so 
ALFC 3 2 06006 0925 10 2415 STkUMHIDiUM OVALS 50 
ALFC 3 e 060676 e925 la 2420 S1HUMEiiUIUM STRUdILUS 20 
AI.FG 3 2 NblOhlb 0925 1d c'v25 STKUMHIDIUM SUICATUM 30 
ALFC 3 2 y6db16 45125 10 e430 SIHUMkiIUIUM TYPICUM to 
ALFC 3 2 06006 0925 10 1560 TINf1NNUS TUtiULUSU3 10 

ALFE 3 2 Ob0676 0925 21 1185 EUTINfINNU5 LASUS "UNUAE 
ALtE S i? fdbNblb 0925 21 13145 PF2UTUkNADUUNEI.I.A CUFtTA 
ALFE 3 2 060616 0925 z1 1380 STEENSiKUPIELLA GkAC1LI9 

to 
10 
10 

5NLU 3 T UAlk TIME 1 SPCA SPECIES NAME NOPL 
wMww r ~ ~ww-~~ ~~ mm Mftw- ~ 

ALbU 1 2 HbN376 1124 to 135 STENUSEMtLLA VENIRICU3A 36 
ALtiU 1 2 d60316 112 10 2405 STkUMH1UIUM GUNICUM 20 
NLuU 1 e Oad376 11216 id 2420 STKUNWIUIUM 5TkUnILU3 20 
ALhU 1 ?, dbN376 112N 1d e425 STKUMbIDIUM SULCATUM 16 
ALbU 1 2 bbbS7b 112 1b 148a TiN1iNNUP3IS DAUAYI 4 

aLUL 2 2 d60576 4925 10 1355 SALPIN6ACAN18A UNUATA 4 
ALUL 2 2 060576 0925 lid 2405 3TkUMb1DIUM CUNICUM 12 
ALUL 2 e 060576 0425 10 2420 3tHUM8101UM 9TkUH1LUS 4 
ALUL 2 2 ObO576 09e5 1d 2425 3TRUMBIUIUM SULCATUM 36 
ALuL 2 e H6d57a 0925 la 2430 5TkUMbIUIuM TYPICUM 4 
ALUL 2 e ObeS76 0925 1b 1585 UNUELLA NYALINA 8 

ALU14 2 2 060516 0925 20 1115 DAUAYlELLn GaNYMEUES 4 
AI.UN 2 2 0605 7b Id92S 20 235 LUNMpNIELLA UV jFURMj3 q r 
ALUN 2 2 060516 0925 20 2400 STHUMEiIpIUM CALKIN3t 4 
Al.Urv 2 2 060576 0925 20 2405 SiFtUMdIDIUM CON1CUM 20 
ALUIV 2 2 060516 (d925 20 2420 sTHUMBiUiuM 5tkodil.us 24 
ALUN 2 2 060576 0925 20 2425 3TRUMtiIDIUM 8UlCAlUrv1 36 
ALUN 2 2 db0S1b avzs zd 2430 STHUMNIUIUM TYI'IGUM q 
ALUM 2 2 060576 d9d5 20 1585 UNUELLA MYALYfvA $ 



SACU S T UAIE I1ME Z SPCU SPECIES NAME NOPL 
-mw 

4 

12 
4 
4 

outs 3 2 e11176 1530 20 1045 AMpHUk1UE5 UuAUHtLINEATA 
AUES 3 2 071176 1530 20 2235 LUHMANIELLA UVIFUHMIS 
AUES 3 2 071116 1530 20 1385 SIENUSEMELLA VENIkICUSA 

ALFE S Z 0bHblb X925 21 X405 S1RUMBIDIUM GONICUM 
ALfE 3 2 Jbb676 0925 21 2415 STkUMHIUIUM UVALE 
ALFt 3 2 Hbwblb 0925 21 2424 STRUMbIUIUM STk0O1LUS 
ALFE 3 e Obablb 0925 21 2425 S1HUMbjDtUM 9UlCATUM 

AUIiE 1 c! 1171076 1200 09 1045 AMPNUHIDES QUADRILINEAiA 
AUdE 1 2 071a16 1200 by ZauS STRUMdIDIUM CUNIGUM 
AUBt 1 z alldlb 1200 09 2415 SIRUMHIUIUM OVAL 
AUBt 1 a 011076 1200 dy 2420 STRUMHIUIUM STHUHIIUS 
AUBE 1 2 id I 1L416 1200 id y 2425 BTRUMdIUIUM 3ULCATUM 
AUNE 1 2 011076 1200 dy 1560 fINi1NNUS TUbULU5U3 

AUHC 1 2 071016 1200 10 1185 EUT1NTtNNUS LASUS-UNUAE 
AUbC 1 e 071076 1200 1d 2235 LUNMAIvIELLA OVIFUKMIS 
AUBC 1 2 071076 1200 10 2405 STHUMBIUIUM CUNICUM 
AUbC 1 2 071076 1200 1d 2415 STkUMb]UIUM UVALE 
NubC 1 2 071016 1200 10 2420 31RUMH1uIUM sTKUB1LU3 
AUdC 1 2 0111076 1200 IN 2425 BTKQMHIUIUM SULCATUM 
AUtiG 1 2 WI106 1200 1d 2430 STRUMdIDIUM TYPiGUM 
AU6C 1 2 071016 1200 10 5435 T1AkINA FOCUS 
AuHC 1 2 011076 1200 1b 1560 TINTINNU3 TUBUIOSUS 

AQUA 4 2 rllld/6 1855 15 NO HkUTOZUA Ud3ERVEU 
AuCY 2 2 071076 1855 10 2235 LONMANIELLA UVIFUKMiS 
AuGY 2 2 a71a7b 155 1d 2405 STRUMbIUIUM CuNICUM 
AUGY 2 2 071076 1855 1d 2415 9tRUMBIUIUM UVALE 
nuLY 2 2 011076 1055 10 2420 STRUMbiDIUM 3TkUdILU9 
AUGV 2 2 071076 155 1b 2425 STRUMBIUIUM 9ULCATUM 
nUCY e 2 071076 155 la 1560 TINIINNUS FUBULU5U3 

AukW 3 2 dllilb 1530 10 1515 TIN11NNpP31S L08TANCOI 

30 
10 
20 
30 

4 
u 
8 
H 

4 

4 
4 

26 
4 

16 
28 
4 
4 

16 

4 
8 
U 

12 
1b 
4 

8 



SACU S T UA(E TIME Z SNCU SPECIES NAME NUPL 
-ww- ft - w-w- -~ m"-w ~ m"-w 

r i 

8 
4 
4 

APtY 2 Z 081016 0835 41 1185 EUlINT1NNU8 LASUS"UNUAE 
nNtY ~~2 081016 .0835 41 4255 NEPHku3PYRIS ()UCRI9 
AHEY 2 2 Ndlblb 0835 41 2420 3THUMBIDIUM STRUHILUS 

AUES 3 2 w7llTb 1534 20 2415 STRUMbIDIUM OVATE 
auks S 2 071176 1534 20 2420 STHUMbIUIUM 8Tk0B1Lu3 
AUE5 3 2 bllllb 1530 20 2425 STRUMbIDIUM 9ULGATUM 

NNUh 1 2 080976 152d to 3055 BULIVINA STkIATULA 
APUti 1 e 080976 1520 1d 1355 SALPINGACANTHA UNUATA 
APUH 1 2 080976 1524 1d 1385 STENUSEMELLA VtW1HIGU3A 
NPUH 1 2 000976 1520 1d 2415 STROMdIpIUM OVALE 
APUN 1 2 060916 1520 1b e420 STHUMBIOIUM 9THUHILU3 
AF'UH 1 2 080976 1524 10 2425 STKUMHIDIUM SULCATUM 
ANUri l 2 0816976 iSeti 1b 2430 S1HUMbluIUM tYPiCUM 
ANUN 1 2 080976 1524 1d 2565 TUNfUNZA GRACILLIMA 

AWUJ 1 ? 080976 1524 10 1045 aMPHOkIDE3 WUAURILINEATA 
ANUJ 1 2 d8dy1b 152 18 3055 BULIVINA STR1AiUlA 
APUJ 1 2 edd916 1524 18 1085 CLIMACUCYLIS SCALAHUIDES 
aPUJ 1 2 060916 1524 18 1160 EPiPLUCVCIUiUES AGUTA 
APUJ 1 g? 080976 152 1d 1185 EUTiNiINNUS LASUS-UNDAE 
ANUJ 1 4 08eylb 1520 18 2235 LUNMnniELLA OVIFUHMIS 
APUJ 1 c 080916 1520 18 245 STRUMBjUIUM CONICUM 
NUJ L 2 080916 152 1d 2415 STRUMbIDIUM UVALE 
AFUJ 1 2 080916 152e 1b e420 3TKUMBIUIUM 9TNUHIlUS 
ANUJ 1 2 080976 1520 18 2425 SfKUMdIDIUM 3ULCAtUM 
APUJ 1 2 060916 152 10 5435 TIAkINA fUCU3 
ANL)J 1 2 080976 1520 18 1560 TINfiNNUS TUdULq9US 

aNEw 2 2 061076 0835 1b 1305 PHUTURHAdUONELLA CUHtA 
ANErv L ? 081076 0835 1d 2400 STRUMbIDIUM CALKIN9I' 
APkW Z 2 081076 od35 1d 2420 9TKUMNjUiUM $TkQd1LU$ 
APkw 2 2 081016 4835 la 2425 STKUMdIUlUM SULCAtUM 

4 
u 
4 

4 
u 
u 
q 
8 

24 
4 
4 

4 
4 
4 
4 
4 
e 
6 
8 

iz 
4b 
4 
v 
4 
4 
4 
8 



SALu S T uH1E IIMt L SPCu SPECIES NAME NUPE 
-w-- -- --~m ~m Mmmdor 

i 
4 

AW1V 3 2 091416 0925 35 NO PHUlUtOA UBSLKVEU 
AUlw 3 Z 091476 4425 1H 2405 9TkUhlUjUIUM CUNIGUM 
AWlw 3 2 0914/6 0925 10 2420 S1RUM81UIUM Sik081LU3 
AWlw 3 2 091476 0925 1b 2425 STRUMBIUIUM SULGATUM 

ANEY 2 2 081016 0835 41 245 S1RUMb1UIUM SULCAtUM 
APtr 2 2 001016 0635 u1 156 11Nf1NNUS TUduLosUs 

aWGi 3 Z 0did7b 1805 la 2400 STRUMBIDIUM CALKINsi 
ANGI 3 e ddlal6 1805 10 e405 S1HUMBIUIUM CUNICUM 
ANG1 3 2 dHldlb 1805 id 2420 STHOMBIUIUM 9TRUHILUS 
AH6l 3 2 dHlalb 1d05 1d 2425 STRUMdIUIUM SULCAlUA 

AN6K 3 2 061076 18H5 c!6 4040 ANTHUGYHTIUIUM UPHIHENSE 
APGK 3 2 081076 1805 4~b 1185 EUtINIINNU3 LASUS"UNUAE 
AP6K 3 Z 081076 1805 2b 2235 LUHMANIELLA UVIFUHMIS 

aUGA 1 1 091016 lbld dH 1470 tINT11vNUNSI3 CUMPNE93A 
AWGA 1 2 091016 1610 dB 149e TINTINNUPSIS FENNICA 

AdFY 1 2 091016 lbld Ib 1290 PRUNLECTtLLA CIAPAKEDEi 

AUNK 2 2 N91ylb 1555 10 115 EUiINT1NNUS LASUS"UIVUAE 
aiJFiK z 2 091476 1555 1N 2405 STHUMbIpIUM CONICUM 
AUHK 2 2 091476 1555 1d 2420 3TRUMwjDIUM STHUbILUS 
AUHK 2 2 09147b 1555 10 2425 SikUM8IUIUM SULGATUM 

AUHM Z e 091416 1555 SI llba EPIPLUCYCLUIUE3 ACUfA 
AtiHM 2 2 Ny1476 .1555 41 1185 EU(INTINNUS LASU3-UNUAE 
AWHM 2 e 091476 1555 31 2235 LOHMANYELLA UVIFURMI3 
AWNM 2 2 091416 1555 31 24dd 814UM61UIUM CALKINSI 
AwHM 2 2 091476 1555 31 2445 STHUMHIDIUM CUNICUM 
AUHM 2 2 091476 1555 31 2420 STkOMBIUIUM 9THUHILUS 
AWHM Z 2 091476 1555 31 2425 SiRUMBIUIUM 9ULCAlUM 

12 
y 

9 
a 
4 

16 

4 
4 
4 

1d 

10 

10 
20 
10 
20 

10 
20 
30 
!b 
30 
20 
30 

0 
B 
8 
4 



I 
V 
U 

SACU S 1 uAIE IIME Z SVCU SPECIES NAME NUPL 

AU1oi l 2 
11,016 121N Id 1415 S(HUMH10jUM SULCAIUM 

AUTP 1 2 Illd7o 1214 14 2235 LUHMANIELLA UVIfUkMiS q 
nUiY 1 2 llly76 1214 14 424105 SfRUMBIUIUM CUNICUM y 
NUIN 1 1 lllblb 1210 14 2425 SIRUMb1UlUM SULCAIUM 12 

AUVf l 1 11097b 0140 17 NO PROTOZOA OBSERVED 0 
AUVU 2 t 110976 0740 to 2405 SIRUM8191UM CUNICUM 4 
AUVU 1 2 llby/6 0740 Id 2424 STRUMHIUIUM 91NUb1LUS 12 

AUhH 3 2 11NY7o 1530 IN 2425 SfkuMNIUIUM SULGAiUM q 

AUNT 3 2 11091b 1530 e4 2425 STRUMHIUIUM SULCAIUM 8 

AVUY 1 2 120176 1220 04 NO PROTOZOA OBSERVED a 
AV1Jov 1 2 12b116 1220 1N NO PROTOZOA OBSERVED 0 
AVSS 2 2 124116 1724 17 NO PNUIUIUA OBSERVED 0 
AVSQ r 2 12b276 IItN Id 2405 StRUMUIUIUM CUNIGUM q 
AVSB 1 2 120e76 1724 IN 2420 SfNUMH1DIUM STHUd1LU9 4 

AVUK S 2 12et76 1145 20 NO PROTOZOA OBSERVED a 
AVU] 3 Z 12Nelb 1145 IN 2235 LUNMAN1tLLA OVIFUHMIB 4 

AZXt 1 2 11116 1100 dl 1045 AMPMUHIOES WUAUk1L1NEATA Y 
ALxE t ie 1I1N7b IINN dl 2235 LQNMANIELLA UVIfUHMi9 48 
A1XE 1 2 111076 IIbN at 5245 MESUUINIUM kUHNUM 20 
AtxE 1 2 lflb1b Il0d dl 1345 STtNUSEMtILA VENIH(CUSA B 
AIXE 1 l 111076 IINN ill e400 yTHUMB1UlUM CALk1NS1 q9 
ALXt 1 2 111016 IINN a1 24H5 SIHUMHiUIUM CUNIGUM 416 
ALxE 1 1 111076 IIaN kit 242e STHUMHiulUM SiRUd1LU3 196 
ALXE 1 2 llIN76 1100 NI 2425 SfHUMdJUIUM $ULGATUM 136 
AtxE 1 2 111016 1100 e1 243e 91kuM81uluM iYP1CUM 116 
ALxt 1 1 111076 1100 kit 1455 T1NT1f4NUP313 ACUMiNA1A y 

aLxF 1 z t11N7b 1140 11 3055 buL1v1NA 91RIAIULA g 
A1xF 1 2 111076 1100 11 5155 ENIItLUiA GEMINAHIA 36 
ALxf 1 2 1114/b 1leN 11 2235 LUHMANIELLA UViFU1tM19 Ilb 
ALXF 1 2 111016 1144 !1 2400 STNUNIilU1UM CALKINS1 6v 
AM 1 2 111016 11 NN 11 2405 91NUMtiIUIUM CUNIGUM 68 



sncu s T ualE 1IME 1 sFCU SPECIES NAME NUPE 
W m-mmAan 

A[XF 1 2 111076 Hold 11 i!42b 9TRUMd1UlUM 81RU8IlU9 60 
AZXF 1 e 111016 11Nd 11 2425 SIHUMHiUIuM SULLATUM 476 
AZXF 1 2 11106 llad 11 2434 3THUMdIUIUM TVPICUM 44 
AZXF 1 j? llld'I6 1100 11 5440 TIAk1NA FUSU9 8 
ALXF 1 2 111076 1100 11 2565 TONTUNIA GRACILLIMA 8 

AZX6 2 2 111076 0600 01 1090 CUUUNELLOPSIS AMERICANA 4 
ALX6 2 2 llld/b bbdN dl 2235 LUNMANjELLA OVIFOkMIS too 
A1XG 2 2 111076 0600 dl 1385 5TENUSEMELLA VENTRiCUSA 8 
AZXG 2 e 11176 0600 dl 2395 StRUMHIUIUM ACUMINATUM B 
AIxG 2 2 111016 0600 dl 2400 STRUMdIUtUM CALKINSI 32 
ALxG 2 2 111e76 0600 01 2405 51HUMbIDIUM CONICUM 196 
AZXG 2 2 111076 0600 01 2415 SIHUMHIUIUM OVALS 8 
ALXG 2 2 11176 0600 01 2420 StRUMBIpIUM S1kUBILU3 24 
A1XG 2 2 111076 dbWd dl 2425 STRUMBIDIUM 9ULCATUM 196 
A1x6 2 2 11176 0600 e1 2430 STRUMdIUIUM TYPICUM 20 

c 
AZXH 2 2 111076 0600 17 355 BULIVINA 3THIATULA 4 
ALxH 2 Z 111016 0600 17 3215 HASTIGEkINA PELAGICA 
A1xN 2 2 111e76 0600 17 4230 L11MUMELLISA BETUSA 9 
ALXH 2 2 l111676 ebea 17 223 LONMAW1tlLA UVIFORMIS 56 
AZXN 2 2 111076 dbNd 17 2400 3TRUMbIDIUM CAIKINSI 24 
ptXM 2 2 11176 Nbdd 11 e405 $THUMBIOIUM CUNICUM 68 
ALXH 2 2 111076 0600 17 2420 STROMHIUIUM BTHUHILUB 
AIXH 2 Z 111076 06Wd 17 2425 STHUMdIDIUM 3ULCAIUM 84 
ALxH 2 2 lllalb 0600 17 2430 3TRUMdIUIUM TYPICUM 4 

Alxl 3 Z 114976 1335 al 4~0e ACANiNUSTARU3 pALLIDU3 4 
Alxl 3 2 11e976 .1335 01 306e BUGtLLA FkIGIUA 4 
AIXt 3 2 110976 1335 dl 2235 LUNMANIELLA UVIFUHMI3 28 
ALXj 3 2 110976 1335 dl 1e8d PARUNUELLA UIFICIlIB 4 
AZX1 3 2 110976 1335 dl 2405 STRQMbiUIUM CUNICl1M 36 
ALxi 3 d 110976 1335 Hi e420 3Ta0MBIUlUM 3TKUBiLUS 8 
AZX1 3 2 11976 1335 01 2425 STRUMbIn1UM SULCAIUM 72 



ALXK 1 2 120176 1200 01 5155 EPHELUTA GEMINARIA 20 
ALxK 1 2 120176 1200 01 2235 LUtiMANIELLA UVIFURMt3 68 
AZXK 1 2 1241/6 1244 dl 5245 MESOUINIUM RUHkUM 12 
A1XK l 2 124176 1200 dl 1385 SIENUSEMELLA VENTkICU3A lby 
A1XK 1 2 12"176 120 b1 2395 3TRUMBIUIUM ACUMINAtUM 8 
AZXK 1 2 12"116 1244 al 2400 STKOMHIpIUM CALKIN3I Be 
ALXK 1 2 120116 1200 a1 2405 sTkOMBiUiuM CoNICUM 112 
ALXK t z 12176 1200 01 2420 S1KUMdIU1uM 9TRUBiLus 48 
AIXK 1 2 124176 12bd dl 2425 3TRUMBIOIUM 3ULCATUM 260 
AIXK 1 2 120176 12do dl 2434 SikUMbIUIUM TYPICUM 132 
ALXK 1 2 12116 1200 01 5444 1IAKINA FUSUS 20 
ALXK 1 2 120176 1200 161 14516 iINTtNNIDiUM INGENTUM 116 
AtxR 1 2 120116 1244 01 1455 11NlINNUPSI9 ACUMINATA 32 
A1xK 1 2 12116 1144 b1 1470 11NTINNpP319 CUMPRESSA 24 
A1xK 1 2 12e176 1200 d1 1555 TINtINNOPSI3 TUHULUSA q 
n1xK 1 2 12176 12dO d1 1560 TiNIiNNUS TUdULU3uS 36 
AZXK 1 2 120176 12140 dl 2565 1UNTUNIA GkACYLLIMA g 
A1XK 1 2 120176 1200 .41 5165 EUGLYHFIA LUEVI5 12 

5aCU S 1 DATE TIME t 5PCU SPECIES NAME NOPL 
m Wmwwm 

ALAI 3 2 110976 1335 01 2430 STRUMBIUIUM TYPICUM 12 
AZXI 3 2 110976 1335 dl 1474 TINT1NNUwSI3 CUMPHESSA 4 
AZxt S e 110976 1335 dl 1485 TINTINNUN3I3 UIRkCiA q 

A1XJ 3 2 114916 1335 17 4230 LITNUMELli3A SETU5A y 
A1xJ 3 2 110976 1335 17 2235 LUNMAroIELIa UVIFOKMI3 36 
ALXJ 3 2 114976 1335 17 1355 SALPINGACANIHA UNUATA y 
ALXJ 3 Z 110976 1355 17 1360 SALHINGEIIA ACUMINATA y 
aLxJ 3 2 ileylb 1335 11 2400 S1HuMdIUIUM GALKINsI d 
AlxJ 3 e lleylb 1335 11 2405 STHUMBIOIUM CUNICUM 16 
pZxJ 3 2 110976 1335 11 2420 SiRUMBIUIUM STK08ILU3 12 
ALXJ S 2 110976 1335 17 2425 STRUMdIUIUM 3ULCATUM 132 
ALxJ 3 Z 11976 1335 17 2430 SikUMBIUIUM TYPICUM g 
ALxJ 3 2 110976 1335 17 5435 TIARINA FUCUS 4 
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bAt wnarNpj WnI0i9woH1S Sob? pt SALT et?0?t F 2 Nx7.d 
ZS TSNIHIVa wf1lqYpwnm1S AA"? pi AoLT 9LFm?t '? ? mx7a 
9s WIl?IAf1H Wf1IN1fI093W Sh25 81 001 1 4L2071 ?. 2 NXT.b 
p Xillld Wf1IN1'(IQS3W WS Ht poll 9l.2A?T ? ? MXTd 
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n snltRoais wntAIf1WnH1S Gf?h?. TA AoI.i 9l2PZT 7 2 WxT11 
ztt Ilvn0 wniaiawnHlS St"? TO OPLt ql?0zt 2 2 WX7V 
022 Wf13INf13 Wf1I4IAWONIS 5oh2 IA AALI 9L?.A?t 2 Z WX7V 
AA 1SNI41d') Wf1IQIAwnH1S H0n7 TA 001 1 9l?A?T ? 7_ wXTv 
179 wnaAna wniNiqOS3w 5h25 to AOLt 9t?.A2t ? Z WX7V 
a x3ifld wnINI(lOS3W Ahc'.q to AGILT 9L2A2T 2 2 WX7V 
961 S1WNOAIAQ Vl13TNVWN01 Sf2? TO AVIL t 9LZ0?, t ? 2 WX7V 
A vsn13S vStl'1iwnHlii AfZn TA plPtt qL?a+2t ? ? WX7V 
b 3VONf1"Sf1SVl Sf1NNIlNtl113 SATT TP PALi 9l.?021 2 ? WXZd 
9 viHbNIw39 V1nlIHd3 SStS t0 Pa+ll 912p2t 2 ? WX7V 
b xiNa1d VISiNdwv SfqS TO 001 1 vlWi 2 ? wXZV 

?j V1VNTw(13V SISdONNt1NIl SSht hO 0021 9LlA7T ? i IXtV 
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SALU S I UA)E fIME 1 3PCU SPECIES NAME NOPL 
~ w ------ mmm- -~ mmW~ mmWA "-"A" 

i 
4 

u 
40 
4 
4 

28 
12 
4 
8 

36 
8 

t 

ALXN 2 2 120276 1700 18 1415 S1RUMBIUIUM OVALt 
ALxN d 2 12116 1700 18 242 STRUMdIUIUM STR08ILU3 
ALXN 2 2 120216 1100 Id 2425 S1KUMBlUIUM 3ULCATUM 
AZxN 2 2 124216 1700 18 2434 S1kUMbIDIUM TYPICUM 

AIxU 3 2 120276 103d 01 3095 CUNCNlUINIUM ARGIUPE 
A1xU 3 2 124276 1W3e Nl 1155 DILTYUCYSTA BATA 
ALXQ 3 2 12e276 11030 01 1190 EUTINIINNU3 TENUE 
ALxU 3 2 120276 1030 dl 2235 LUNMANIELLA OYIFURMi3 
AZXU 3 2 120216 1030 01 1300 PRUPLECTELLA SUBCAUUAfA 
ALXU 3 2 120216 1434 dl 2400 3TRUMBIUIUM CALKINSI 
AZXU 3 2 120e76 1030 01 2405 STKUNiBIUIUM CONIGUM 
nLxU 3 2 120216 103e 01 2415 S1koM810IUM UVALE 
AlxU 3 2 12e116 1434 dl 2424 STkUMUIOtUM STRUdILU3 
AlXO 3 2 12216 1030 dl 2425 31HUMHIDIUM SUICATUM 
ALXU 3 2 120276 1030 01 4580 TRIPLnCIACANTHA AdIETIHA 

A1xP 3 2 12216 1030 21 1144 DIGTYUCYSTA RETIGULATA 
ALxP 3 2 12ee7e 1030 21 4224 HExALUNCNA PHILISuPN1CA 
AzxP 3 2 120276 1030 21 2235 LUNMAw1ELLA UVIFt)kMiB 
ALXW 3 2 120276 1030 21 1355 SALPINGACANtMA UNUAlA 
ALXP 3 1 124276 1030 21 138S~SlENUSEMELLA VENTKICUSA 
A1xN 3 2 120276 1434 21 2400 3THUMbIUIUM CaLKINSi 
AZxH 3 2 il02"l6 1030 21 2405 3TKUMbIUIUM GUNICUM 
AIxP S 2 l20z16 1034 21 2u15 STHUMb1UlUM UYALE 
AZxP 3 2 120e76 1030 21 242e STkUMB1uIUM 3TROHILU3 
ALXP 3 2 120276 1030 21 2425 3TRUM81UIUM 9ULCAfUM 
ALXP 3 2 12276 1030 21 1564 1IIVIlNNU3 TU8ULU3U8 

64 
l6 

164 
4 

4 
4 
4 

32 
4 

12 
20 
4 
4 

28 
4 



SACD = Sample Code 
S = Station 
T = Transect 

Date = Date 
Time = Time of Sampling 

Z = Depth of Sample 
TPPL = Total Number of ProtozoafQ 
TTPL = Total Number of Tintinnids/SC 
TOPL = Total Number of Oligotrichs/R 
TFPL = Total Number of Foraminifera/Q 
TRPF = Total Number of Radiolaria+Acantharia/Q 
T1KPL = Total Number of Miscellaneous Protozoa/Q 
TPCT = Tintinnids as I of Total Protozoa 
OPCT = Oligotrichs as I of Total Protozoa 
MPCT = Miscellaneous Protozoa (including foraminifera, radiolaria, 

and acantharia) as I of Total Protozoa 
NSPS = Number of Species/Sample 
SDI = Shannon-Weiner Species Diversity Index 

TDWT = Total Dry Weight in mg/m3 

2-40 

APPENDIX B 

TABLE 1 

STATISTICAL DATA FOR THE 1975 SAMPLES 

Explanation of Table : 
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SACD = Sample Code 
S = Station 
T = Transect 

Date = Date 
Time = Time of Sampling 

Z = Depth of Sample 
TPPL = Total Number of Protozoa/Z 
TTPL = Total Number of Tintinnids/Q 
TOPL = Total Number of Oligotrichs/Z 
TFPL = Total Number of Foraminifera/!C 
TRPF = Total Number of Radiolaria+Acantharia/Q 
TMPL = Total Number of Miscellaneous Protozoa/R 
TPCT = Tintinnids as I of Total Protozoa 
OPCT = Oligotrichs as % of Total Protozoa 
MPCT = Miscellaneous Protozoa (including foraminifera, radiolaria, 

and acantharia) as % of Total Protozoa 
NSPS = Number of Species/Sample 
SDI = Shannon-Weiner Species Diversity Index 

TDWT = Total Dry Weight in mg/m3 

L- YG 

APPENDIX B 

TABLE 2 

STATISTICAL DATA FOR THE 1976 SAMPLES 

Explanation of Table : 



aG5P 1 2 02e276 1730 05 40 12 28 0 0 d 30 70 0 3 .898 ,07 
AySN 1 2 020276 1730 10 32 0 24 0 0 8 0 75 25 5 1 .56 .16 
AGOG 2 2 020276 1218 10 204 b 204 0 0 0 0 1o0 0 5 1 .440 .23 
AGUJ 2 2 020276 1218 14 328 0 324 4 0 0 0 99 1 7 1 .389 .51 
AGwK 3 2 020176 1755 10 40 20 20 0 d 0 50 50 0 6 2 .025 ,12 
AGwM 3 2 020116 1600 27 56 12 44 0 0 0 21 79 0 6 1 .668 .12 
AJLL 1 2 031876 1140 05 60 24 36 0 0 0 40 60 0 7 1 .767 .21 
AJLJ 1 2 031476 1140 10 68 28 36 4 0 d 41 53 6 10 2 .484 .25 
AJNG 2 2 031976 0820 10 1104 8 96 0 0 0 8 92 0 9 1 .984 .21 
AJNI 2 2 031976 0820 14 156 24 128 0 4 0 15 82 3 14 2 .243 .42 
AJPK 3 2 031976 1530 10 112 12 96 4 0 0 11 86 4 8 1 .683 ,21 
AJPM 3 2 031976 1534 15 68 8 60 0 0 0 12 88 0 7 1 .507 .07~ 
AKEK 1 2 040276 1214 06 152 48 88 0 0 16 32 58 11 9 1 .935 .29 
AKEI 1 2 040276 1214 10 180 32 144 0 d 4 18 80 2 10 1 .924 .59 
AKGN 2 2 040376 0825 08 124 8 116 d 16 0 6 94 0 7 1 .569 .30 
AKGL 2 2 040376 0825 10 184 a 176 d 8 0 4 96 0 8 1 .814 .29 
AK11 3 2 040376 1620 10 72 4 60 0 4 4 6 93 11 8 1 .908 .12 
AKIV 3 2 444376 1635 16 84 20 60 0 4 8 24 71 5 10 2 .137 .23 
ALdW 1 2 060376 1120 07 76 32 44 0 0 0 42 58 0 7 1 .764 .24 
ALBU 1 2 060376 1120 10 128 68 60 a 0 0 53 47 '0 6 1 .895 .57 
ALUM 2 2 060576 0925 10 68 12 56 0 0 0 18 82 0 6 1 .395 .39 
ALUN 2 2 060576 0925 20 104 12 92 0 0 0 12 89 0 8 1 .721 .55 
ALFC 3 2 060676 8925 10 190 10 170 10 b 0 5 89 5 8 1 .851 .26 
ALfE 3 2 060676 0925 21 124 3e 90 0 0 0 25 75 d 7 1 .824 .24 
AUbE 1 2 071076 1200 09 40 8 32 0 0 0 20 80 0 6 1 .696 .07 
AUBC 1 2 071076 1200 10 108 20 84 0 0 4, 19 78 4 9 1 .876 .23 
AQUA 2 2 071076 1855 15 d 0 0 0 0 0 0 0 0 e 0 .000 4,00 
AUCY 2 2 071076 1e55 10 48 4 44 0 0 0 8 92 0 6 1 .633 .10 
A0EQ 3 2 071176 1530 10 8 H 0 e 0 0 IOU 0 e 1 e .000 .02 
ApE9 3 2 011176 1530 20 32 16 16 0 0 0 so 50 0 6 1 .667 .09 
APUM 1 2 080976 1524 10 56 8 44 4 8 0 14 79 7 8 1 .772 .23 
APDJ 1 2 080976 1520 18 104 20 76 4 0 4 19 73 8 12 2 .e86 .37 
APEW e 2 081076 0835 10 20 4 16 0 0 0 20 80 b 4 1 .332 .05 
apEY 2 2 081076 0835 41 32 12 16 0 4 0 38 5o 13 . 5 1 .494 .13 

3ACU S T DATE TIME Z TPPL TTPL TOPL 1FPL TRPL TMPL TACT UPCT MPCt N8P9 SDI TDWT 
ft mmmr ~~~~ ~.0w0. rW-w ~~~~ ~~~~ ~~40M -mmw 
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9AC0 S T UAIE TIME 1 TPPI TTPI TQPL TFPL TRPL TMPL PCT OpCT MPCT N9P9 SDI TOwT 
~W~ r mmam 40 .0 � 01 ~~- W m W~- W m Wrwo WO win r "on m . ft W .B .0- 40 mm a. 

APGt 3 2 e81076 1805 10 32 0 32 0 e 0 0 ieB 0 4 1 .213 .a5 
ApGK 3 2 081076 1945 26 12 4 4 0 4 0 33 33 33 3 1 .049 .21 
AUGA 1 2 1091076 1610 0E1 . 20 28 0 0 0 0 Id0 0 0 2 .693 .04 
AQFY 1 2 091e76 1614 10 10 10 0 10 0 0 100 0 8 1 0 .000 .04 
AWHK 2 2 041476 1555 10 60 10 50 0 0 0 17 83 0 4 1 .330 .14 
A41HM 2 2 091476 1555 31 15N 30 120 8 0 0 20 90 0 7 1 .864 .45 
A1JjY 3 2 091476 0925 35 0 b 0 8 0 0 0 0 0 0 0,000 0,08 
AGYw 3 2 091476 0925 10 20 0 20 0 0 0 0 100 0 3 1 .055 .85 
AUTN 1 2 1111676 1211A Id 12 0 12 0 0 0 0 100 0 1 ID .8fd0 .00 
AUTP 1 2 111016 1218 14 20 0 20 0 0 0 0 180 0 3 .958 .02 
AUVF 2 2 110976 0740 17 d 0 0 0 0 8 A 0 0 0 0 .01b0 0 .00 
AUVD 2 2 110976 0740 10 16 0 16 0 0 0 0 100 0 2 .562 .07 
AUWk 3 2 110976 1530 10 4 0 4 fd 8 a 0 11D0 0 1 O .ebB ,ow r 
AUwT 3 2 110976 1530 24 8 0 8 0 0 0 8 100 0 1 0 .000 ,0s 4 
AVU11 1 2 124176 1220 04 0 0 0 0 0 0 0 8 0 0 N,00@ 0,01 
AVON 1 2 120176 1220 10 d 0 0 0 0 16 0 0 0 0 0,000 @,d0 
AV38 1 2 120276 1720 17 d d 0 0 0 0 0 0 0 0 0,000 0*00 
AV3W 2 2 120276 1720 10 8 0 8 0 0 8 0 100 0 2 .693 .03 
AVUK 3 2 120276 1145 20 0 0 0 0 0 0 0 8 ' 0 0 8,000 0,08 
AVU1 3 2 120276 1145 1e 4 0 4 0 0 0 0 100 0 1 0,004 ,01 

* AtXE 1 2 111076 1104 01 996 16 960 0 0 20 2 96 2 10 1 .661 1997 
* AZXF 1 2 111076 1100 11 689 0 836 8 0 44 0 94 6 10 1 .575 1 .47 
* AZxG 2 2 111476 e6e0 01 6e4 12 592 0 0 0 2 98 0 10 1 .644 ,94 
A1XN 2 2 111476 0600 17 264 0 244 12 9 0 0 92 8 9 1 .705 .55 
AZXI 3 2 110976 1335 e1 176 12 156 4 4 0 7 89 5 10 1 .736 3,61 

*, AxXJ 3 2 110976 1335 17 2213 8 212 0 4 4' 4 93 4 Is 1,468 .32 
AZXK 1 2 120176 1200 01 1144 316 724 d 0 64 29 66 6 18 2 .428 1,97 

* AZXL 1 2 1214176 120e 04 1524 304 1088 d d 132 20 71 9 12 2 .135 2 .34 
* AZXM 2 2 120276 1740 01 932 4 820 01 B 1o8 88 12 13 1 .910 1 .21 
* A1XN 2 2 120216 1700 19 556 0 484 0 4 68 0 97 13 11 1 .924 .67 
* A1XU 3 2 12e276 1030 01 120 12 100 4 4 . d 10 93 7 11 2 .015 .35 
* AtXP 3 2 120216 1430 21 152 28 128 8 4 d 13 84 3 11 1 .993 ,37 

*Preserved with 1% basic Lugol's 



John H. Wormuth 

CHAPTER THREE 

DETERMINATION OF AVERAGE DRY WEIGHTS OF 
IMPORTANT NEUSTON SPECIES COLLECTED IN 1976 

Principal Investigator : 



Groups of species which respond to the environment in similar 
ways are defined . The relationships of these groups to other parameters 
are not apparent in the 1976 data, but most of the other parameters 
were measured on different cruises than those on which the neuston 
samples were collected, 
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ABSTRACT 

Dry weights per individual of a number of neuston taxa,considered 
to be ecologically important, were determined and then used in conjunc-
tion with the actual concentrations to give estimates of dry weights of 
the 1976 winter through April samples . In addition, analyses of variance 
were run to look at diel, seasonal and spatial variability ; factor 
analysis was used to look at species groupings; comparisons of neuston 
and zooplankton data were made ; and plots of seasonal variation of 
selected species means along Transect II were made . 



onshore-offshore variation, but shows diel and seasonal variation . 
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INTRODUCTION 

The objectives of this project involved some laboratory work, but was 

mainly concentrated on analysis of the existing data using several statis-

tical computer programs . The results were most interesting to us and will 

be most helpful in making comparisons to the 1977 data and compilation of 

a comprehensive overview of all the neuston data . 

METHODS 

Initially we wanted to determine dry weights per individual for a 

number of taxa which we considered to be ecologically important . After 

separation of 200 to 300 (or more, if necessary) individuals, of each taxa, 

they were rinsed to distilled water and treated in a similar manner to the 

usual aliquots (Groover, 1977) . This gave us dry weight and ash-free dry 

weights per individual . These values were then used in conjunction with 

the actual concentrations to give estimated dry weights for the 1976 winter 

through April samples . During this time, dry weights were not a part of 

the program . 

Secondly, we have run analyses of variance on Transect II only and on 

the three seasonal cruises, all transects, to look at diel, seasonal and 

spatial variability . We have also used all the samples to look at species 

groupings using a procedure known as factor analysis (Harman, 1967) . These 

analyses were performed on the Amdahl 470 v/6 computer at Texas A&M . Com-

parisons of neuston and zooplankton data were also made on this computer . 

Finally, plots of seasonal variation of selected species means (day 

and night separately) along Transect II were made . This procedure ignores 



3 and 4 . Time of collection was only divided into day or night. This is 

shown to be an important source of variation for many of the taxa, sug-

gesting diel migrations . Month of collection is also an important source 

of variation for many taxa . Sampling station (onshore-offshore) variation 

is somewhat less important . Significant interaction terms occur less 

frequently . When males, females, and immatures of a single species were 

treated separately, there was an agreement as to-.which~~saurces of varia-

tion are significant . 

The data for all 108 samples were again log transformed and subjected 

to factor analysis . This gave us taxa groupings as determined by under-

lying sources of variation . These results are presented in Table 5 . Taxa 

groups indicated by the analysis are delineated . 

Figures 1-15 show the seasonal variation of average values along 

Transect II . Day and night samples are averaged and plotted separately . 

These plots are in addition to the five taxa already plotted in our final 

report for 1976 . 

Finally, correlation coefficients were calculated for neuston, phyto-

plankton, zooplankton and hydrographic parameters . These results are 
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RESULTS 

Table 1 lists the individual dry weights and ash-free dry weights . 

In same cases samples from different seasons were compared . We are some-

what suspicious of the Temora turbinata values due to the low percentage 

of ash-free dry weight of the total dry weight, but we have not rerun 

this species yet . The estimations of dry weight for the Winter through 

April samples are given in Table 2 . 

For the analysis of variance tests the data were first log transformed 

to normalize the values . The results are summarized for 33 taxa in Tables 



TABLE 1 

INDIVIDUAL DRY WEIGHTS AND ASH-FREE DRY WEIGHTS 

Taxa Dry WeigFLt/ . Ash-Free Dry Weight/ B/A 
Individual .Individual % 
(mg) (mg) 
A B 

Hyperiids .097 (214) .088 90 

Lucifer faxoni ,087 (421) - 

Megalops .442 (300) ,313 71 

Brachyuran zoeas .031 (544) .022 69 

Ostracods .042 (208) .041 98 

Calanopia . americana 
.034 (255) .029 86 males and females 

Centropages furcatus .021 (529) .021 100 males and females 

Eucal:anus pileatus 
.058 (216) .049 83 males and females 

Nannocalanus minor .067 (507) .066 100 

Temora stylifera 
males and females ,047 (488) .038 81 

Temora turbinata ,071 (272) .033 47 

Anomalocera ornata 
,437 (295) .422 97 males 

Anomalocera ornata 
,554 (257) - - f emales 

Anamalocera ornata 
,113 (194) .112 99 i~anatur es 

Labidocera aestiva 
males S rig ' 7 7 " " 083 ( 25 3) . 082 99 

Labidocera aestiva 
males April ' 77 " . 103 (191) .094 92 

Labidocera aestiva 
females Spring '77 " X102 (133) .078 76 

Labidocera aestiva 
females April '77' " 100 (80) .088 88 

S-7 



-)-v 

Table 1 (cont .) 

Taxa Dry Weight/ Ash-Free Dry Weight/ 
Individual Individual 

A B 

La.bidocera aestiva 024 (175) .022 
iaaaattses Spring '77'' 

Labidocera scotti ,080 (254) .066 
males 

Labidocera scotti .073 (u2) .069 
females Fall '77' 

Labidocera scoiti f ,111 (19) 
females July 77 

Po nt ella me adii ,133 (100) .121 
males 

Pontella meadii .214 (34) .210 
females 

PontFlla ,089 (35) .080 
immatures 

Chaetognaths .144 (221) - 

Fish Eggs .026 (310) - 

Number of individuals used 

B/A 
X 

90 

83 

95 

91 

98 

90 
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TABLE 2 

ESTIMATED DRY WEIGHTS FOR WINTER - APRIL 1976 
BASED ON SPECIES COMPOSITION AND TABLE 1 VALUES 

Winter 1976 gms/1000m3 gms/l00Qm3 
Transact I : Transact IV 

Station ID . 3 .36 Station ID 8 .18 

1N 3.82 1N 4 .44 

2D 16 .21 2D 11 .42 

2N 9 .55 2N 17 .03 

.9Z 3D 4 .74 

3N 3.62 3N 42 .12 

gms/1000m3 March 1976 gms/1000m3 
Transact II Transact II 

Station 1D .81 Station 1D 3 .50 

1N 2 .04 1N 21 .31 

2D 12 .57 2D 1 .95 

2N 7.14 2N 9 .81 

3D ~3.16 3D .45 

3N 10 .24 3N 20 .01 

gjns/1000m3 April 1976 gms/1000m3 
Transact III Transact II 

Station 1D .61 Station 1D 7 .15 

1N 12.42 1N 40 .29 

2D 17 .59 2D 2 .08 

2N 25.93 2N 11 .07 

3D .78 3D .03 

3N 5 .11 3N 7 .17 

D - Day 
N - Night 
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KEY TO TABLES 3 AND 4 

p < .OS 
** 

p < .O1 
*** 

p < .001 
**** 

p < .0001 
i 
gms/1000 m3 

z mg/ms 
3 
oC 
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°ci o 
O i 
S- w 

Source of Degrees of 
variation freedom 

Month (8,16) 1 .03 

Station (2,16) 2,33 

Time (1,16) 4,gg* 

Month x (16,16) 2 .15 Station 

Month x (g,16) ,64 Time 

Station x (2sl6) 1 .82 Time 

S. 
O ca 9+- 

r' r r l/1 Q l 
to . .c 'ty c E 

N V N C C) "r f0 "r S.. 
"r "r L "r O "r N i N 
N U 4) "r U i 4- 
Ln > (04-)l 

i L "r ~ rtS 7 
U U J S U J 

4 
I 

1 .20 2 .14 

TABLE 3 

ANALYSIS OF VARIANCE FOR ALL TRANSECT II SAMPLES (1976) FOR SELECTED TAXA 

** *** 
5 .51 . 7 .84 . 2 .48 3 .44 .83 

** 
.15 1 .88 6 .88 1 .30 .07 

6 .41 1 .09 22 .24 63 .73 . 6 .53 . 

2 .23 2 .00 1 .71 1 .31 .92 

1 .67 .36 2 .32 2 .89* 1 .14 

.95 ,20 2 .05 .62 .23 

2 .83 

2 .64 

5 .37* 

2 .19 

2 .94* 

.54 

N 

c o c 

L tCf i rtS 

t N 
.>1 
O 

U E U N 

L S-
l70 m 

1 .18 2 .36 

.47 10 .20** 

20 .92*** 53 .29*** 

1 .03 1 .25 

.49 2 .92* 



Table 3 (Cont .) 
N 
N N 

V1 r 
f0 vI r 

r E Cl fIf 

L 1 rt1 1 rtY to rtS 
b C G to VI to v~ i. +~ 
r' RS ~ N ~ N 7 G rp 

-~LA M V to U i--P rti 1, 4- C 

O E O ~ r r r b Rf O "R7 r S .. r "r 
L L U U A3 O r 

p. "r U O O N O S.. O S. V C O rt7 f . . 
r- b r- E C E i. i O "r i L E ~ s. it Rs ss 4-)4- 4P 4- c E o +jSource of Degrees of o +' r- r- C c 

variation freedom N o v v ~ v '° 

Month (8,16) .88 3 .88 7 .51 4 .09 6 .60 . . 7 .22- 3 .81 7 .53 14 .29 0 
** ** * *** *** *** 

Station (2,16) .51 7 .13 7 .12 4 .15 11 .73 12 .46 23 .92 2 .22 2 .00 

Time (1,16) 16 .29 31 .73 23 .39 26 .09 15 .87 17 .64 52,94 4 .13 11 .44 
** Month (16,16) .77 .79 1 .28 .75 3 .58 2 .46* 3 .39** 1 .62 1 .15 

Month 
Time (8,16) 1 .43 .34 1 .54 .66 1 .27 3 .43* 2 .23 1 .48 1 .66 

Station x (2,16) 2,55 . .59 2 .69 .59 .84 2 .05 7 .35** 2 .30 .55 Time 



* ** ** 
2 .81 4 .51 '4 .62 

** * ** 
6 .94 5 .12 9 .63 

.O1 3 .38 .51 

2 .84* 1 .59 1 .78 

W 

.68 1 .37 .85 

Table 3 (cont.) 

N ~- G1 
N ~ N 

u1 r +~ ~ E 
r \ 
it 1 

E 
E E 4~-N 

L E 
4- 

ice. . r rt3 I b rtf 

U ~ 4W3 U V i. " 
O 
0 

rtf O 0 

~ 

U 4J 

Source of Degrees of E O E O o ., 
variation freedom 

**~Vr k*k k*IF *k* k*k 

Month (8,16) 27 .10 36 .89 64 .83 12 .92 6 .15 
*** *** *** *** *** 

Station (2,16) 24 .67 29 .82 36 .38 48 .38 24 .77 . . 

Time (1,16) 2 .25 1 .60 2 .73 9 .06** .02 

Month x *** *** *** ** 
Station (16,16) 6 .82 . 11 .02 . . . 11 .90 4 .4,1 1 .85 

Month x (8,16) ,88 1 .28 2 .35 1 .78 .98 Time 

Station x 
Time (2,16) 2,38 1 .26 .35 .39 .78 

N 
N 

N 

r E 

E 4~- 

N 
s�, {"~ f~7 "r Rf "r 
U r~ r Tf r- b 
O E r rt3 r RS 

c E 
-0 
E 

«s o 0 
J d n. 

.12 1 .17 1 .39 



Table 3 (cont . 

w 
N 

Station x 
Time (2,16) 2 .27 .66 .93 

N 
a 

\ N r 

r 

E n 4~-

"~ N 
0 O r (0 

r 
Source of Degrees of ~ > 
variation freedom ~ o a a. a. 

Ink~t **k kylr* 
Month (8,16) 15 .22 12 .25 10 .48 

*** 
Station (2,16) 19 .97 2 .64 .51 

Time *** (1,16) 26 .79 ,05 .09 

Month x 
Station (16,16) 2 .80 2 .09 1 .64 

Month x ** 
Time (8,16) 4 .67 1 .39 2 .36 

N 

C fCf N L . 
"r C (T 
r p ~ V 
.c +J 
La I a~ s .r 
R1 L ~ fsD rt 

2 .18 2 .78* 5 .07** 4 .42**" 

1 .40 5 .54 2 .23 1. .51 

19 .52*** 1 .65 :02 .22 

1 .22 1 .71 3 .75** 1 .87 

1 .02 .54 1 .17 .69 

.49 5 .87* 1 .08 3 .63 
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TABLE 4 

ANALYSIS OF VARIANCE FOR ALL SEASONAL SAMPLES (1976) FOR SELECTED TAXA 

$+ 

w `~ Cd w ~I cn a \ +-~ ~ ° cad cn o a ~ `N ~ p u cad s ~ $+ o p cd p cd 
o 1°+ 44 a "A 1+ "a o ,a oo >, a~ 

w a~ u a~ -H u $4 w v .~ w ,~ w .d o 
p ~n Id cc > +~ al ri ~n " rl w u rm u N 

Source of Degrees of ~ ~ ~ ~ ~ N 8 14 $4 
variation freedom cs v v a ~d c`~ ,.4 pa aq 

Month (2,40) 1 .28 5 .07* 21 .21*** 8.23*** 8 .34*** .26 6 .17** .34 3 .21 

Transect (3,40) .39 .53 1,11 .56 .63 6 .68*** .76 .63 1 .40 

Station (2,40) 3 .79* 3.03 5 .07* 8 .78** 4 .59* .06 1 .57 3 .52* 1 .22 

Time (1,40) 16 .30*** 9 .74** 2 .16 56 .81*** 103 .11***24.6111 .76** 67 .58*** 73 .46 

MonTransect (6,40) 3 .21 1.19 2.44* .79 .82 1.46 ' .72 .53 2 .21 

Month x 
(4,40) 1 .56 2 .05 7 .87*** 1 .61, 2 .33 2 .27 3 .39* .76 2 .21 Station 

Month x 
Time (2,40) 3 .21 1 .19 1 .67 .37 2 .51 2 .14 1 .72 3 .05 .58 

Transect x ** 
Station (6,40) 1 .17 .39 1 .83 2 .47 

* 
3 .38 1.43 1 .91 .85 1 .07 

1Yansect x *** ** * *** 
Time (3,40) .02 .26 .57 2 .87 

* 
6 .85 5 .30 3 .95 .91 4 .98 

Station x 
Time (2,40) 2 .06 .72 .89 3 .19 .07 .72 1 .16 2 .19 2 ,72 
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Table 4 (cont .) 

W 

W 
N ~ w cad Gl \ ' 

W 
Cd Ca Cd to 

.~1 \ c 0 0 \ td 1N ~ N ~ ~ I N cad 

o ~ o '~ ~ cu ~ cd u '~ o ~ ~ 1 
u u ~ 4) 0 p 0 N u 9: c~ 

'd 

14 1+ :1 1+ :30 $+ W 14 ~ 
cd 14 id 10 ~ ~.+ w a~ w p ~ 0 to 0 Z

Source of Degrees of 
V3 

o 
1 

~ ~ ~ 
variation freedom v U v z H E-+ 

Month (2,40) 16 .51*** 1.44 11.67*** 5.60** 20 .98*** 16 .80*** 8.14** 45 .85*** 11 .30*** 
ZYansect (3,40) 2,02 1.55 2.25 .55 2.11 3 .26* 1 .66 1 .12 5.79** 
Station (2,40) 2.07 3.32* 2.39 .89 3.38* 2.80 15 .89*** 5.21** 6.90** 
Time (1,40) 17 .73*** 73 .56*** 57 .01*** 42 .33*** 18 .37*** 17 .91*** 40 .41*** 9 .45** 12 .62*** 

MonTransect (6,40) 1.25 1 .67 2.83* 1 .87 .33 .40 1.58 2 .44* 3 .10* 

Month x ** * ' * ** ** 
Station (4,40) ,28 1 .11 1 .11 1 .79 5 .17 2 .75 3 .06 4 .24 5.65 

Month x 
Time (2,40) 1.82 ,39 5.45** 2.13 .50 .11 .84 2 .34 1.09 

TraStation (6,40) 1.52 1 .06 3.39** .61 .63 1.16 .80 1 .05 .38 

Transect x * * ** 
Time (3,40) 3 .47 .73 3.08 .46 .91 2 .07 .91 6 .27 .95 

Station x ** ** 
Time (2 .40) ,29 .61 6.14 1.84 2.28 2 .33 7 .85 .42 1 .82 
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Table 4 (cont .) 

\ r1 1~ W N N 

cd 4.1 Q1 r~ 
44 

1 F1 1 
ct1 N "cu ail ~ N D ~ ~ rl 

C. -W 
y 

o ~ u ~ ~ u c ' ' ' o b Cd 44 

o~ b~ ti a~ b~ s -H Source of Degrees of o '' ° o o ~ c o 

variation freedom A d~' a ,a a a° 
*** *** *** *** ** *** *** 

Month (2,40) 404 .98 160 .27 281 .01 15 .02 6.57 13 .90 11 .73 4.73 
*** ** 

Transect (3,40) .50 .31 1.09 8,74 5.93 1.39 1.00 1.20 
*** *** *** *** *** ** ** Station (2,40) 15 .85 11,76 8.24 39 .83 11 .44 .80 5 .38 '7 .22 

Time (1,40) .54 .15 .28 6.25* .23 .09 2.38 .47 
Month x 

Transect (6,40) .50 .31 1.09 1.03 .49 1.07 1 .89 2.34* 

Month x *** *** *** *** *** 
Station (4,40) 15.85 11 .76 8.24 11 .13 7.07 1.83 2.28 1.25 

MonT~e (240) .54 .15 .28 5.25** 3.33* 2.86 1.57 1.93 

Transect x 
Station (6,40) 2.27 1.62 1.37 2.11 .72 .90 .51 .54 

Transect x (3,40) .94 .43 1 .21 2.46 .57 .21 .78 .53 Time 

Station x 65 03 91 2.32 81 93 1.03 .81 Time C2, 40) 



Table 4 (cont. ) 

ar 

\ r q ~ ~ 
W w Cd a~ 

H Ul cc to N 4j Q1 
0 w c~d m 1+ 'H I 

rO1 ,~ .~ H 00 bw 0 u a~1 

41 0) 4 +1 D 
w 
4-1 ~ N .C ~ cq 1~ 

Source of Degrees of o o .~ ~ cw v 
variation freedom a a a v w H a 

Month (2,40) 6.46 21.70 17,68 3.15 5 .36 3 .39 8 .58 

Transect (3,40) 1 .61 1 .33 2 .48 1.08 .76 5 .46** .11 

Station (2,40) .65 4 .55* 2 .74 1.79 5 .64** 2 .41 13 .46*** 

Tame (1,40) 6 .19 .86 .17 16 .10 3 .78 .58 .29 

Month x 
(6,40) 2 .25 6.29*** 4.85*** .63 .42 1 .83 5 .63*** Transect 

Month x ** ,t** 
Station (4,40) 1.75 .61 .91 1.48 ., 5 .05 1.13 7 .21 

Month x 
Time (2,40) .94 1 .54 2 .44 1 .14 .50 .23 .60 

Transect x 
(6,40) .42 1 .89 .75 .39 2 .12 .64 1 .79 Station 

Tr T ~et x 
(3,40) .94 1 .34 .06 2,64 .63 3 .70* .66 

Station x 
Time (2,40) 1.35 .35 .11 .05 2.68 2.56 .86 



TABLE 5 

FACTORS ONE-THREE FOR THE THIRTY-THREE TAXA USED. 
GROUPS INDICATED ARE BASED ON NEARNESS IN THREE DIMENSIONAL SPACE 

Taxa Factor 1 Factor 2 Factor 3 

Gastropod meroplankter .43 .09 -.24 

Caridean'shrimp .45 .O1 -.17 

Nannocalanus minor .45 .20 - .18 

Cr es ei s a cLcu la. .37 - .31 .16 

Pont e1 to ps is vi 11 os a .22 -.41 - . 0l 
males 

Pontellopsis villosa .29 - .48 .03 
f anal es 

Cr es ei s vela .28 .17 .37 

Labido cera immature .17 .07 .38 

Labidocera scotti .32 -,03 .4Z 
males 

Limacina trochiformis .65 -.10 - .05 

Hyp er ii ds .80 .06 - .07 

Brachyuran zoeas .74 .10 - .06 

Lucifer faxoni. .72 .05 .21 

Centropages f urcatus .65 .10 .29 
males 

Centropages fps catus .71 .15 .26 
females 

Br achyur an me galops .58 - .20 - .33 

Os tr ac od s .70 -.06 - .32 

Calanopia americana ,49 .06 - .51 
males 

Calanopia americana ,62 .0l - .49 females 

Temora turbinata .30 .29 - .45 

Sapp arhina stet lata ,11 .24 - .22 

J_1/ 
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Table 5. 

Taxa Factor 1 Factor 2 . factor 3 

Anomolocera ornata - .23 .76 -.47 
males 

_ Anomolooera ornata _~25 ,74 -.46 females 

Anomo to ce ra ornata 
-.29 .72 -.47 imma ture s 

Labidocera aestiva 
.31 .70 ,19 males 

Lab idocera aestiva 
.25 .67 .28 females 

Pcmtel3~a meadii 
_,10 .41 .59 Mal es 

Pontella mead.ii _ .02 .49 .59 females 

Pontella immature - .20 .26 .57 

Fish eggs - .07 .51 .41 

Tar -.11 .42 - .05 

St omat op od .46 .03 .09 

Temo ra st vlif er a .65 .14 .39 

Chaetognaths .66 .28 .OS 

Portion of total variance .21 .13 ,11 

Cumulative variance .2I .34 .45 
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Figure 1 . Annual Variation of Mean Day and Night Abundances (Indivi- 

duals/1000 m3) Along Transect II for Limacina trochiformis . 
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Figure 2 . Annual Variation of Mean Day and Night Abundances (Indivi-
duals/1000 m3) Along Transect II for Hyperiidae. 
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Figure 3 . Annual Variation of Mean Day and Night Abundances (Indivi- 
duals/1000 m3) Along Transect II for Lucifer faxoni . 
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Brachyuran~ megdlops 
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Figure 4 . Annual Variation of Mean Day and Night Abundances (Indivi- 

duals/1000 m3) Along Transect II for Brachyuran megalops . 
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Figure 5 . Annual Variation of Mean Day and Night Abundances (Indivi- 
duals/1000 m3) Along Transect II for Ostracods . 
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Figure 6 . Annual Variation of Mean Day and Night Abundances (Individuals/ 
1000 m3) Along Transect II fox Centropages furcatus males . 
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Figure 7 . Annual Variation of Mean Day and Night Abundances (Indivi- 

duals/1000 m3) Along Transect II for lJcrnnocaZcmus minor . 
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8 . Annual Variation of Mean Day and Night Abundances (Individu=~ 

als/1000 m3) Along Transect II for Temora styZifera . 
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1976 
Figure 9 . Annual Variation of Mean Day and Night Abundances (Indivi- 

duals/1000 m3) Along Transect II for Temora turbincztcz . 
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Figure 10 . Annual Variation of Mean Day and Night Abundances (Individuals/ 

1000 m3) Along Transect II for AnomaZocera ozmata immature . 
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1976 

Figure 11 . Annual Variation of Mean Day and Night Abundances (Individuals/ 
1000 m3) Along Transect II for Labidoeera aest2va males . 
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Figure 12 . Annual Variation of Mean Day and Night Abundances (Indivi- 

duals/1000 m3) Along Transect II for PonteZZa meadii males . 
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presented in Table 6 . 

the environment in similar ways . We have defined these groups . Their 
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DISCUSSION 

Several things are obvious from these results while other things are 

suggested, but should await comparison with 1977 data. 

1 . There is considerable variation in neuston catches . Different 

sources of variation are responsible in different taxa . 

a . A group of taxa with significant diel variation is apparent . 

With few exceptions night catches exceed day catches . Graphic examples 

are shown in Figures 1, 2, 4, 5, 6, 7 and 15 . 

b . A different group of taxa shows significant temporal variation . 

However, few patterns are even broadly similar, nor are they easily explained . 

Examples are Figures 6, 8, 9, 10, 11, 12, 13 and 14 . 

c . With the exception of Figure 6, these are non-overlapping taxes . 

d . Few taxes show significant transect variability . Graphs are 

not available to illustrate these patterns (for the six out of 33 taxes) . 

e . The patterns of significant variation for month, station and 

time along Transect II (Table 3) are shown to be typical of all transects 

(Table 4) with very few exceptions . 

f . There are too many groups in Table 5 to warrant discussion at 

this time . They need to be clustered in some manner . They broadly agree 

with the groupings from recurrent group analysis presented in our final 

report . 

Table 6 shows the results of linear correlations . This is not the 

best way to compare many of these parameters . Scatter plots are presently 

being examined and should lead to curve fitting . 

In summary, there are obviously groups of species which respond to 



TABLE 6 

SPEARMAN'S RANK CORRELATION COEFFICIENT 
FOR SELECTED BIOLOGICAL AND PHYSICAL PARAMETERS 

NAFDW Z C T0 SO/00 

Neuston Dry Weight 1 .95**** ..27 * - .04 .02 -.46 **~ 

Neuston Ash-free 1 
Dry Weight ((YAFDW) .02 - .04 .10 -.08 

Zooplankton (Z)1 .05 .15 -.44~~ 

Chlorophyll (C)2 -.54 -.37 
** 

Temperature (T° )3 .26 

p < .OS 
** P < .oi 

*** 
p < .001 

**** 
p < .0001 

i 
gms/1000 m3 

2 
mg/m3 

3 
°C 
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r 
relationships to other parameters are not apparent in the 1976 data, but most 

of the other parameters were measured on the water column cruise while 

neuston samples were collected on the benthic cruises . Separation in time 

was several days at best and several weeks at worst . 
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CHAPTER FOUR 

TRAVEL OF BENTHIC TAXONOMISTS 
TO SMITHSONIAN INSTITUTE 

Principal Investigator : 

J . S . Holland 

Associate Investigators : 



at the National Museum. They each worked in-areas of their special taxo-

nomic interest, e .g. crustaceans, molluscs and polychaetes . In addition 

to the above taxonomists, the following group of scientists were consulted 

on this second trip : 

w~L 

INTRODUCTION 

Five taxonomists from the UTMSI/PArII. benthic ecology group spent 

five to seven days each at the Smithsonian Institute, National Museum of 

Natural History in Washington, D .C . during the fall of 1977, in order to 

better understand the taxonomy of samples collected during the 1976 STOCS 

study and to establish relations with professionals in the field . We feel 

that the trips were entirely successful in that our taxonomic knowledge 

was increased and contacts were made so that further enhancement is made 

easier . 

RESULTS 

Steve and Nancy Rabalais spent October 12-14 and 17-21, 1977 in the 

National Museum . Their time was spent with specimens from a large number 

of polychaete families, decapod crustaceans and nemerteans . They reported 

valuable additions to our basic literature and met with the following 

scientists : 

Dr . Thomas Bowman 
Dr . Isabel Perez Farfante Canet 
Dr . Fenner Chace Jr . 
Dr . Anne Cohen 
Dr . Maureen Downee 
Dr . Dwayne Hope 
Dr . Meredith L . Jones 
Dr . Louis Kornicker 
Dr . Marion Pettibone 
Dr . Mary Rice 
Dr . Austin B . Williams . 

Rick Kalke, Granvil Treece and Allen Dixon spent November 6-11, 1977 



single species, a simple name change in the computerized data base was 

sufficient to correct the error . In many instances, however, we found that 

several species have been lumped together or one species has been split 

into several . Tease instances will require returning to the original spee-

imens to check identifications . This has not been possible with our need 

to meet 1977 sample analysis deadlines . Further work will be necessary to 

check the identification of these organisms . 

Dr . J . L . Barnard 
Dr . Allan Child 
Dr . Arthur Clark 
Dr . Richard Houbrick 
Dr . Rensly 
Dr . Harold Rebder 
Dr . Clyde Roper 
Dr . Joseph Rosewater 
Dr . Thomas Waller 
Dr . Anders Waren . 

Upon returning from their trips we have exchanged specimens and infor-

mation with many of the Smithsonian taxonomists . Also, contacts have been 

made with taxonomists that the museum personnel had suggested as sources 

of additional information . 

Many changes in the taxonomy of our benthic invertebrates and a broad-

ening of our avenues of approach to other taxonomic groups resulted from 

the trips . The 1976 data base has been improved in that its accuracy has 

been enhanced but certain problems have also arisen . 

In cases in which a single species was mistakenly identified as another 



H . W . Harry, TAMU 
A . D . McIntyre, Marine Laboratory, Aberdeen, Scotland 
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CHAPTER FIVE 

SUMMER POSITION FOR BENTHIC ECOLOGISTS AT UTMSI/PAMI. 

Principal Investigator : 

J . S . Holland 

Visiting Scientists : 



tember 11 and October 24-November 5, 1977) . During his stay, he did an in-

depth analysis of the overall BLM-STOCS project, an evaluation of the 

benthic facet, interacted with data-analysis personnel on the benthic 

ecology staff and became particularly interested in the Rig Monitoring 

aspect of the 1976 study program . Dr . McIntyre's extensive knowledge of 

benthic ecology, collecting techniques and data analysis were liberally 

_)-L 

INTRODUCTION 

Two internationally known scientists were invited to participate in a 

review and enhancement of 1976 benthic data from the STOCS study . Drs . 

Harold Harry of Texas A&M University and Alasdair D . McIntyre of the Depart-

went of Agriculture and Fisheries for Scotland, Marine Laboratory at Aber-

deen, Scotland, visited the UTMSI/PAML during the late summer and fall of 

1977 . 

RESULTS 

Dr . Harry spent ten days consulting at the UTMSI/PArL and an additional 

ten days at home reviewing the 1976 Draft Final Report and preparing his 

report . His time spent at the UTMSI/PArII, was very instructive as he spent 

a great deal of his time interacting with persons actively engaged in the 

taxonomic aspects of our work . His knowledge of the molluscs, echinoderms 

and other more obscure groups as well as his tremendous knowledge of per-

tinent literature made his stay extremely beneficial to our group and to 

the enhancement of 1976 data . Dr . Harry made a very detailed study of the 

1976 draft final report, analyzing not only the benthic ecology aspects but 

many others as well . His comments were well received and a copy of his . 

report is appended . 

Dr . McIntyre visited the UTMSI/PAML for two periods (August 22-Sep- 



shared with all of us to the benefit of our efforts for the BLM-STOCS 

program . Drs . McIntyre and Holland are to co-author a paper on the benthic 

data from the Rig Monitoring study . This paper is in preparation . Dr . 

McIntyre prepared a report which is appended . 



key to the echinoderms of the northwestern Gulf of Mexico . Preliminary 
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Report on Consultation of August-September 1977 with the Team Studying 

Benthic Invertebrates of the South Texas Outer Continental Shelf Survey 

(BLM-STOCS) 

by 

Harold W . Harry 
Associate Professor 
Biology Department 
Texas A&M University 

College Station, Texas 77843 

It was only possible to spend a week and a half at Port Aransas 

(August 15 to 24) ; an appraisal of the 1976 report occupied about the 

same amount of time at College Station . 

My work with the professional personnel of this project consisted 

mostly in conferring about identifications of specimens, chiefly 

molluscs and echinoderms . It was possible to furnish literature 

references and in a few cases to provide copies of important articles 

relevant to their work . Drawings and descriptions were made of a few 

species of molluscs, mostly nudibranchs and bivalves, which could not 

be immediately identified . At least one large nudibranch is probably 

new-to science, and one minute bivalve (0 .8 mm maximum dimension), which 

is very frequent in the samples, is probably new . It may represent 

the smallest sexually mature mollusc in the world . 

Some echinoderms were drawn, specifically several heart urchins, 

holothurians and ophiurians, toward the preparation of an illustrated 



fied . In the past, the samples have been sieved at sea, the animals 

anesthetized with magnesium sulphate then preserved in 10% formalin 

in sea water, with rose bengal added . In the laboratory the samples 

were again washed in a series of sieves, to separate the specimens in-

to groups according to size, and placed in 50% isopropyl alcohol 

(Chapter 9, page 7,8) . Mention is made of debris from which the 

organisms were separated by picking out the individuals under a micro-

scope ; but what this debris was is nowhere stated . Moreover, since the 

samples were initially washed through a mesh of 0 .5 mm opening, and 

this was large enough to allow passage of the largest grain sizes re-

ported as present in the area (Chapter 14), one wonders what this debris 

was, and how much of it was present . 

Fragmentation of specimens, particularly worms, results in part 

from washing the sample free of sediments . If the saran bag of 0 .5 mm 

mesh used to wash the sample on ship board is kept under water (gently 

agitated in a pail full of water, for example) while the sample is being 
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copies of the keys (Asteroidea, Ophiuroidea, Echinoidea) and drawings 

were left with the team personnel . 

I participated in a discussion on determining the biomass of 

the benthic macro-invertebrates, and led a discussion on taxonomic 

principles . 

Suggestions on sampling and preservation of macro-invertebrates . 

Separating the animals from the substrate of those samples taken 

by grab-sampler, isolating each species in its individual container, 

and preserving them for further study are problems which may be simpli- 



to pasteurize the freshly sieved material (possibly after narcotization) 

in a small amount of sea water, by placing the specimens in sea water 

heated to 145 degrees F (63 degrees C) for 30 minutes or less (determined 

by trial) . They might then be preserved in water, to which a small 

amount of bacteriocidal agent has been added . A few ml of concentrated 

solutions of salts of heavy metals (Cu, Zn, Cd, but not Ag, if sea water 

is used) might suffice, and other agents (thymol, sodium azide) should 
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sieved, fragmentation might be reduced . Also, the samples are later 

passed through three sieves ; perhaps the three sieves could be used 

on ship, thus further reducing fragmentation ; or dispense with the 

second sieving altogether . 

If alcohol preservation is used, it should be 70% rather than a 

lower concentration, because the alcohol evaporates more rapidly than - 

the water, and the lower percentages tend to allow bacterial action, 

producing acid conditions, and dissolving delicate calcareous parts . 

Evaluation of alternate methods of preservation of specimens 

would be useful, particularly for more precise biomass studies in which 

specimens are weighed, or linear measurements taken . The conventional 

methods of preservation, using formalin or alcohol, are essentially 

designed to stop autolysis and bacterial action by denaturing protein . 

One possible alternative would be to freeze the freshly sieved 

material in a small amount of sea water, but this would tend to soften 

the tissue, so that the specimens would be difficult to weigh, or 

examine for identification in some instances, perhaps damaging the speci-

mens too much for the purposes intended . 

Another method, which theoretically is more promising, would be 



J-i 

zone; such a trawl might be made of fine nylon thread, somewhat larger 

than that used for the "mist nets" used to catch flying birds . A 

mesh opening of about 2 to 5 cm should suffice . Instead of weighted 

doors, floating pontoons could be used to keep it near the surface, so 

that it would sample the upper 2 meters of water . Lifting a full trawl 

on board might be a problem, but using a canvas sling to do so would 

be tested . 

The terms "epifauna" and "macro-infauna" as used in the 1976 

report are somewhat misleading, even though their usage is explained 

(Chapter 9, page 6) . Some of the "epifaunal" organisms are undoubtedly 

infaunal . It would be less confusing to list the organisms by method 

of capture, notably, by trawl or by grab-sampler . 

The larger samples obtained by the trawl at night than during the 

day might be explained by avoidance of the net by the more motile 

nektonic species, when there is light enough for them to see it . But 

larger catches of neuston, which could presumably not escape the net, 

seem to occur during the night also (Chapter 7, page 3) . The neuston 

reported is chiefly planktonic, unable to avoid the net by swimming 

away . Neuston is perhaps being too narrowly defined, on the basis of 

how it is being sampled . The apparatus used, although skimming a sur-

face area 2 m wide, extended only 15 cm deep . This may not allow ade-

quate sampling of Sargassum , Physalia , Scyphozoa, and other mega-plank-

tonic forms . Very likely there are nektonic forms hovering just below 

the surface (one would expect fish, squid, decapod crustacea) which are 

being overlooked in this study . 

A subsurface trawl would be a useful adjunct for sampling that 



5-8 

great depth . But the absence of any squid, of which 2 genera and 

perhaps suffice . 

Similarly, the nekton in the water column should be sampled, 

between the top and the bottom. I am informed by people who have used 

theim at greater depths that mid-water trawls could be used in the 

depths of the area of study . Nekton sampled at the middle of the water 

column at each station, at night, during the day, and seasonally, might 

add much useful data to explain the total ecology . 

Comments on the 1977 report . 

1. The benthic macro-invertebrates . 

The systematic list of benthic invertebrates (Appendix G, Table I) 

is essentially a "biotic index" of much interest to anyone familiar with 

systematic biology and the marine benthos of eastern North America . 

Several items are worthy of comment . 

Sponges : Were no boring sponges (Cliona sp .) found? These mostly live 

in dead shells, and such material seems not to have been examined 

(although hermit crabs are reported) . 

Coelenterates : The encrusting coral, Astrangia sp . is not reported, 

and it is often present on shells of hermit crabs from off shore 

along the upper Texas coast . Was none present? 

Mollusca : The discovery of Aplacophora, .represented by 3 species in as 

many genera, is most praiseworthy . The class had previously 

been known from the Gulf of Mexico by only a single specimen, from 



Some groups could easily be identified more specifically than has 

5-9 

perhaps 3 species occur, is perplexing . Squid are reported in 

Chapter 11 . 

The boring bivalve, Gastrochaena , could be expected in dead 

shells, such as those inhabited by hermit crabs . 

Several families of the molluscs reported are known to be 

commensals with other benthic organisms, but we do not know the 

specific host for the species of this area . Analysis of the data 

to see what other organisms most frequently occur with these semi-

parasites would provide clues to these relationships . The 

molluscs include Pyramidellidae, Melanellidae, Erycinidae, Leptonidae 

and Sportellidae . 

Crustacea : Ten species of Callianassa are reported ; near shore, these 

burrowing shrimp dig very deep holes . Are those of the present 

stations at the top of deep burrows when captured, or do they have 

different habits than the species living in the intertidal zone? 

Observations on living specimens, brought into the laboratory, 

would provide useful data on this point . 

Twelve species, in two families, of hermit crabs are reported . 

It would be useful to know what species of mollusc shells they 

were inhabiting, and what organisms were attached to, or penetrating, 

these shells . 

Annelida : Several species of tubicolous worms which are essentially epi- 

faunal are reported . It would be interesting to know to what objects 

these were attached (e .g ., Serpulidae) . 



correlated with season ; the organisms which are most frequently present 

with each species, the frequency of encounter, etc . But those, more 
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been done in Table I, notably the Ostracods (none identified to genus 

or species) ; this is doubtlessly a function of the time available to 

the systematists on the team, and the available literature . The lack 

of adequate reference collections no doubt also plays a part . 

The approach used by those teams dealing with systematic or environ-

mental groups (demersal fish, plankton, neustop, meiofauna and benthic 

macro-invertebrates) is essentially a synecological one ; that is, the 

organisms of a given habitat are studied collectively . The alternative 

is an autecological approach, which concentrates on the environment, 

habits, and life history of a species . 

An autecological approach would be a useful adjunct to the present 

program. Much data is already at hand, but has not been correlated 

with individual species . Thus, Table I, Appendix G could be much more 

useful if it contained, opposite each species, such data as the following 

(in columns) : 

1 . Depth range 

2 . Depth of maximum density (frequency of occurrence) 

3 . Sediment range by percent sand 

4 . Sediment range by phi system of size measurement 

5 . Salinity range 

6 . Temperature range 

7 . Stations and seasons of occurrence 

The list could be considerably extended, to include size array 



zations expressed in words . Man thinks in words, not in numbers . 
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complex data, and others which would occur as the study progressed, 

would perhaps be best preserved in a file to be kept on each species . 

Of course, it may be in a computer bank, but access to it there is very 

limited . 

In a master file of species, other data could be added from time 

to time, which would not easily be entered in a computer bank : notes 

on behavior, drawings and descriptions of anatomy, important literature 

references, etc . 

This approach might provide a more satisfying determination of 

assemblages, or communities, than merely counting individuals at a station, 

and then processing the numbers by idealized formulas . The formulas 

of population dynamics and numerical taxonomy treat all species of 

equal value (each is a unit), which is certainly not biologically 

valid . Some larger predators may establish territory, from which other 

predators are excluded . A large specimen of the giant snail, Pleuro- 

l
p 

oca , may occur in a single trawl sample or replicate grab sample at 

a station, and it would not be logical either to ignore its occurrence, 

or to count it as equivalent to some small, abundant arthropod or 

annelid . And how are colonial forms to be processed mathematically 

(e .g ., bryozoa, hydrozoa)? , 

The esoteric mathematical indices may have their legitimate func- 

tion, yet they should not preempt time and effort spent seeking generali- 
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Some random examples : 

Page 15-35 : "The near-bottom samples were almost always lower than 

the surface samples . . ." 

Page 1-35 : "sediment grain size distribution (texture) data" 

Page 14-5 : "grain size distribution parameters" 

2 . General comments on the report . 

The report should be more carefully edited . A few of the errors 

and deficiencies are noted here . 

Technical errors : 

Appendix G : pages 173 through 185 are repeated as pages 186 through 

198 . 

Appendix J : page 119, bottom row, third column : 2 should be 3 

(station number) . 

Appendix J : pale 127, sixth row from top, third column, 4 should be 5 

(station number) . 

Appendix J : All five tables have four adjacent columns labeled as 

expressed in percent . But only the three columns on the left 

add up to 100X . The percent of the column on the right is 

enigmatic ; of what whole is it a percent? 

Deficiencies of style : 

Authors should be urged to select words with care, and to express 

themselves as simply and lucidly as possible . Although fashionable 

in technical writing today, the tendency to use multiple nouns in 

apposition (sometimes as many as five) is an obfuscation to be eschewed . 



Chapter 5, p . 511 to 5-33, and an additional, extensive 

analysis occupies the whole of Chapter 3 . Could the hydrographic 

data be all in one chapter, and so summarized that it would be 

useful to biologists? The data of Chapter 5 is somewhat more 

easily adapted to biological correlations than are those of Chapter 3 . 
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Page 9-43 (Table heading) "Species typical of seasonal infaunal 

cluster analysis station-group" 

Page 1-34 : "The bulk of this work was accomplished by typewriter 

terminals while waiting for the delivery of the remote job 

entry terminal ." 

Page 9-68 : "By accumulating these percentages and plotting against 

replicate number, a curve representing sampling efficiency at 

each replication number was constructed ." 

Page 3-6 : "The great temporal variability of the surface mixed layer, 

coupled with the spacial variability and the mobility of the 

water column, make it inadvisable to attempt to sub-classify 

surface mixed layer water with adjectives relating to season, 

longshore or cross-shelf location and/or vertical position ." 

Deficiencies of organization : 

Appendix J : Tables 1 and 2 are extensive, each occupying many pages, 

yet they differ from each other in only four of the 15 columns 

of figures which they contain (Means s .d ., Skew and Kurt) . The 

same comment applies, but to different columns, in the case of 

Tables 3 and 4 . 

Hydrographic data : Salinity and temperature data are presented in 



:Many questions will occur to the thoughtful reader, which are not 

answered in the 1976 report . Perhaps the study as originally designed 

was not intended to include such information, yet it would seem essential 

if a complete account of the ecology of the area is intended . Some 

examples follow. 

What were weather conditions during the sampling? Were rough seas 

encountered? How often? Did it interfere with the sampling? Were there 

sightings of neuston, such as Sargassurn , Physalia , Velella , and associa-

ted organisms? Were any marine mammals or sea turtles seen? What birds 

were seen, how often, in what abundance? Were flying fish seen? Was 
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Sediment data : The data of the sediment program (Chapter 14) will 

be useful in interpreting the distribution of benthic inverte-

brates, but there is little attempt to make such correlation in 

the 1976 report . The sediment analyses were limited to quanti-

tative analyses of particle size at each station . 

Qualitative analyses might also be useful . What minerals 

besides quartz are present? Zs there any glauconite? Is any 

appreciable amount of calcium carbonate present? Some might be 

expected, particularly where sand predominates, and at the 

stations near the edge of the continental shelf, where pelagic 

foraminifera and pteropods may form calcareous "sand" .` What was 

the "detritus" remaining in the samples screened through a mesh 

of 0.5 mm, from which the benthic invertebrates had to be sorted 

under a microscope (Chapter 9, methods) ; was it not molluscan shells, 

which should appear as "gravel" in the quantitative analysis of 

sediments on the basis of texture? 



commented on the dearth of literature useful for identifying the 

organisms of this region . Such a literature could be developed during 

the extended monitoring period . The systematists could make studies 

on anatomy (essential for proper identifications), life histories, 

behavior, etc ., generally thought of as "pure" knowledge, as contrasted 

to "useful" or "applied" knowledge . Such "pure" knowledge is ultimately 

essential for a broad understanding of the environment, and how man is 
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there evidence of trash, or flotsam and jetsam? Often such objects are 

inhabited by shipworms (at least, the . wooden ones), or have attached 

to them abundant colonies of hydroids and goose-neck barnacles . Ob-

servations on trawl and bottom samples made immediately after the 

samples are brought on deck would no doubt provide much information 

which is not in the report . 

Suggestions for the future . 

Chapter 1 (p . 1-2) of the 1976 report notes that a monitoring 

program will be continued for a number of years after the initial base-

line study . Specialists on invertebrates, authoritative in their know-

ledge of their groups, should be needed for such a program . The team 

on hand now would be the most useful one, for such an extended program . 

At present the program is limited to "what is where", but in the 

future this knowledge could be extended to determine dynamic inter-

relationships among the species of the various communities . This should 

not be limited to studies of mathematical ecology or mere biomass, how-

ever useful the concepts of those subjects may be . 

Many people, and particularly the team-workers themselves, have 



as counting, measuring specimens, etc ., which can as well be done 

by non-biologists . 

systematics and ecology . Much of that literature is out of print, 

but occasionally available from second-hand book dealers in this country 

and abroad, if it is ordered immediately after it is advertised (the 

demand for it is very great) . Perhaps funds could be sought from 

alumni or other sponsors, so that the library would have a direct 

source, to buy such literature without the complicated purchasing 

routine now required . 

The 1976 report contains a wealth of useful information ; the 

constructive criticism offered above should not detract from that fact . 

to deal with it so that it is of maximum use to human economy, yet 

not damaged excessively . 

Some specific suggestions for such an extended program follow : 

1 . The professional systematists should be relieved of such work 

2 . The professional systematists should spend more time studying 

living organisms, brought into the laboratory, from off-shore . 

3 . The research collection should be given continued support, 

through funds for materials and for curatorial assistance . 

4 . The library should be extended to include more material on 



A. D . McIntyre 
Marine Laboratory, Aberdeen, Scotland 
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BUREAU OF LAND MANAGEMENT 
SOUTH TEXAS OUTER CONTINENTAL SHELF 
REPORT OF CONSULTANCY ON BENTHIC 

ECOLOGY PROGRAMME " 

22 August - 11 September and 
24 October - 5 November, 1977 

by 



1.1 This report reviews work done to date in the benthos ecology programme, 

giving particular attention to an evaluation of data collected during the 

first three years, and examining possible future developments . Considera-

tion of other elements in the total STOCS programme was not within my terms 

of reference, but since that programme represents a single coherent attack 

on a specific well-defined objective, some account must be taken of related 

aspects, and I therefore comment more generally where this seems appropriate . 

1 .2 In evaluating the work, it is necessary to bear in mind the aims of 

the BLM programme . These are clearly stated . They are to achieve an under-

standing of how to assess and control the impact of petroleum exploitation 

and development in the STOCS area, and in particular to protect the living 

marine resources from deleterious effects, the overall aim being the general 

management of the OCS leasing programme . 

1 .3 A prerequisite for using benthos as a major part of such a programme 

is a sound knowledge of the identity, distribution and density of the fauna 

of the area . In the work so far, which is not yet complete, this is being 

achieved in a highly competent manner . The macrobenthic group is impres-

sively well organized and managed . Its members show considerable dedica-

tion to their tasks, and there is within the group an esprit de corps which 

is by no means common . The latter is a valuable asset which cannot be 

bought on a contract basis, and is due in no small measure to the quality 

of the leadership . The research considered in this report falls mainly 

into two parts - in general surveys of first the macrobenthic infauna and 

second the epifauna, but two related programmes, on regions of topographic 

highs, and on the monitoring of drilling rig effects, are also included . 

1 .4 It is a pleasure to acknowledge the courtesy with which I was received 
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l . INTRODUCTION 



2 .1 .Existing Procedures and Samples 

2 .1 .1 The macrobenthic infauna is collected in a series of grab hauls cover-

ing a surface area of 1/l0 m2, and no haul is accepted unless an adequate 

volume of sediment is taken . The sampling is sound and can be regarded as 

quantitatively valid, although it is RECOMMENDED that to achieve some 

improvement in the collection of small surface-living organisms, the solid 

top flaps of the grab be replaced by hinged mesh-screens, free to open 

during descent . It is further RECOMMENDED that the volume of sediment in 

each grab haul be measured and recorded, and that when sediment cores are 

extracted from grab hauls, macrofauna should be retrieved from the cores 

and returned to the grab collections . The possible advantages of turning 

to another type of sampling gear were discussed . The box corer was iden-

tified as the most attractive alternative, but such an instrument designed 

to cover 1/l0 m2 is extremely large and heavy, so the operational diffi-

culties would probably not justify the change for work on the shelf . 

2 .1 .2 In the trawl samples, some organisms such as the echinoderm Bryssopsis 

are recorded . It is well known that such infauna species, which are large, 

or sparse, or deep-burrowing, are.-not amenable to sampling by grab or corer-.. . 

It is RECOMMENDED that the use of some other instrument, such as the Foster 

anchor dredge, be considered for the sampling of these species . 

2 .1 .3 The most labour-intensive and time consuming aspect of the benthic 

programme, the sorting or "picking" of animals from the sediment residue 

on the 0 .5 mm screens, is very well organized and most efficiently done . 
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by the Director and staff at Port Aransas . The consideration I was shown 

by everyone I met, and in particular the ready co-operation of the macro-

benthic group, greatly facilitated the preparation of this report . 

2 . MACROBENTHIC INFAUNA 



RECOMfENDED that this procedure be adopted . The most difficult samples 

to pick are those containing large quantitites of shell gravel . The 

possibility of using some other technique, such as the fluidising sand 

bath, should be considered for these samples, an~~I have arranged to 

provide details of this technique . 

2 .1 .4 The considerable fragmentation of specimens in the samples was noted . 

It is RECOIMNDED that the sieving procedures both at sea and ashore be 

reviewed to determine when the fragmentation occurs . Attempts should then 

be made to reduce it by the use of larger surfaced screens, revised wash-

ing techniques, or other appropriate measures . 

2 .1 .5 The small group concerned with the classification and further evalu-

ation of the specimens may be congratulated on its performance . It started 

with a largely unknown fauna, and has already substantially advanced our 

knowledge of the benthos of the area . It is RECOMMENDED that this infor-

mation should be made available to the scientific community as soon as 

possible by a paper or series of papers on new records and distributions, 
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Picking is a repetitive task but it is vital in that it provides all the 

basic data, so it is important to stimulate and maintain the picker's 

interest . When I first visited the pickers they were isolated in a single 

roam, separated from the staff who later classified and evaluated the 

collections . It is RECOHMENDED that a closer link, if only in terms of 

space, be developed between those picking, classifying and tabulating . 

At present, picking is done from sediment residues preserved in alcohol . 

This involves discomfort and even a possible health risk to the pickers 

which is not necessary . A sample which has been adequately fixed and 

stored in formalin can be returned to water for picking, and specimens 

should remain in good condition in water for several days . It is 



and descriptions of new species . On the taxonomic side, it is important 

that the few remaining problems among the dominant species be quickly 

resolved . In particular, this refers to the identifying of specimens 

in certain "difficult" groups, especially Nemertinea and Sipuncula, and 

to the specific recognition of some important juveniles among the molluscs, 

mainly "Tellina sp ." . The examination of living material is often useful 

in this context, and the culturing of juveniles until their adult charac-

teristics appear can be helpful . It is RECOHMENDED that a considerable 

effort should be made, and every facility provided, to tie up these loose 

ends . 

2 .1 .6 The single significant gap in sample processing is the emission of 

biomass data . The original decision not to include this can be defended 

on the grounds that when dealing with a relatively unknown fauna, the 

major effort should be directed to identifying the communities and estab-

lishing the species structure . The inclusion of the best type of biomass 

data, ash-free dry weights, is not entirely consistent with such a programme, 

since ashing would not only have destroyed specimens which initially might 

have been only provisionally identified, but would also have substantially 

extended the work in terms of time and/or staff, or reduced the sample 

coverage . However, now that most of the taxonomic problems are under con-

trol, it is essential that biomass data be obtained to complete the picture 

of the communities, and to allow comparisons with other communities else-

where, and the calculation of energy flow . Proposals are made later in 

the report to include this in the design of future programmes (see para-

graph .2 .3 .7) but for the 1977 surveys, a useful index of biomass in terms 

of rough wet weight of major taxa and of individual large organisms could 

be obtained for fall 1977 by relatively minor additional procedures inserted 

between the final picking of the samples and the initial identification of 

_1-L1 



that a selection of the possible variations be used on the data for compari-

son . With the large volume of data available, this would be a valuable 

exercise in its own right, and might be of sufficient interest to other 

ecologists to justify publication . 

2 .2 .2 While a definition of species structure and a recognition of animal 

associations is of major importance as an initial descriptive step, infor-

mation on the structure of the populations, in particular for those which 
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the specimens. This was discussed in detail during my first visit before 

the fall survey and is RECOMMENDED . The fact that existing collections 

are preserved in alcohol complicates any attempt to back-date the exercise, 

at least for the infauna, and such an attempt is not considered justified . 

2 .2 Data Processing 

2 .2 .1 As indicated above, the initial effort of the benthos group was, 

reasonably, directed to achieving a good description of the species struc-

ture of the populations . This has been well accomplished, using a range 

of data-reducing techniques . While this approach does, to a large extent, 

produce an objective result, there is a certain subjective element in 

deciding which technique to adopt, and, in some cases, selecting between 

several possible versions of the technique . In general, because the thrust 

of the work so far has been with numbers of species, there may have been a 

tendency to opt for procedures which stress "presence or absence" of species, 

rather than dominance or abundance of individuals . However, because of the 

large number of species produced by the extensive sampling, and the sparse 

occurrence of many taxa, only 40% of the possible taxa have been used in 

the cluster analysis . This map-slightly-weaken the .argument for the "gres-

eace-absence" option . Therefore, while not suggesting there may be any 

serious shortcomings in the existing cluster analysis, it is RECOMMENDED 



2 .3 .2 It is apparent from the statement of BLM aims that the studies should 

ultimately provide a capacity to detect environmental change, to assess its 
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are dominant by numbers of individuals or biomass, is necessary for analyz-

ing change and understanding the flux of energy through the system . This 

requires adequate statistical data on the confidence limits of the mean 

numbers in individual species populations, expressed on a unit area or 

sample basis, so that significant differences between age-groups, stations, 

surveys, seasons and years can be detected . Although computations have-not 

yet been done with this in mind, it is fortunate that the past surveys 

have been sufficiently well designed to provide this information . It is 

RECOMMENDED that a rigorous statistical analysis be made of the 1975-77 

surveys to determine site, seasonal and annual-trends in population numbers . 

This could focus in particular on the monthly Transect II data . Corre-

lations should be sought between population numbers and edaphic factors, 

and the whole should be viewed in the context of the hydrographic regime . 

The addition of these types of information to the data already in the 1976 

report, together with some knowledge of biomass from the 1977 fall survey, 

will provide a useful picture of the macrobenthic infauna during the period 

1975-77, and this should be presented in a scientific paper . 

2 .3 Future Programme 

2 .3 .1 The information collected during 1975-77 constitutes an extensive 

data base which is open to several kinds of further detailed study, but 

its development relative to BIM interests can perhaps best be defined 

in the light of decisions about the immediate extension of the programme . 

A consideration of this extension therefore forms the framework of the 

following discussion, and proposals for further development of the 1975-77 

data will emerge appropriately . 



graph 2 .2 .2, a useful picture of the variability :of the population 

may also be derived from the existing data by appropriate statistical anal-

ysis . Having completed this necessary step, the next move must be to focus 

on those few species which are dominant by number or weight of individuals, 

and which are therefore of major importance in the flux of energy through 

the system . By measuring the fluctuations of these species and determining 

the factors (e .g . predation, competition, physical factors) which control 

this under normal circumstances, it should be possible to recognize and 

evaluate the impact of adverse factors due to man . Sample processing so 
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significance, and to relate the change to its cause . Numerous investigators 

confirm than because of the normal variability of natural populations and 

the difficulty of measuring it with statistical precision, there are sub-

stantial problems in detecting variability which can be attributed to spe-

cific sources . To be able to make this attribution, no single approach is 

adequate, and the mosti:effective procedure is probably a combination of 

several techniques - general field surveys and detailed examination of 

impact sites, coupled with a range of experimental studies both in the 

laboratory and in the field . The 1975-77 benthos exercise has provided much 

of the necessary framework of field data within which such a programme 

could be operated . The future package should thus be designed to elucidate 

the fluctuations in the benthos, providing an understanding of community 

dynamics which will allow changes in polluted or threatened areas to be 

clearly assessed in relation to the threat, and at the same time to provide 

a suite of experimental techniques which will reinforce the assessment . 

The data collected in the past three years should be further developed 

only in so far as it supports this aim . 

2 .3 .3 As already indicated, the approach so far has been towards recognizing 

animal associations and defining species structure but as proposed in para- 



be possible to focus on a restricted range of sites, and to concentrate 

on a single season of the year . The region of Transect II is attractive 

because of the high frequency of sampling there in 1976, but against this 

must be set the consideration that it appears to carry lower populations 

than the other transects, and that it may be affected by the proximity of 

the shipping channel . It is therefore RECOMMENDED , subject to review when 

all the 1977 collections are tabulated, that such monitoring should be done 

in spring in the region of Transect I . It is further RECOMMENDED that con-

sideration should also be given to an exploratory extension of the sampling 

into water shallower than 10 m. It is appreciated that this will extend 

the work slightly beyond the zone of defined BLM interest, but if the 10 m 

line is sear the outer edge of the rich bivalve community, some knowledge 

of that community may be required to explain the dynamics of the shallowest 

BLM zones . 

2 .3 .5 In designing a monitoring study of this type, it should be recognized 

that the optimum number of samples and the most effective pattern may not 

be the same as was satisfactory for the earlier work when the main object 
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far, however, has correctly been kept to the minimum necessary to produce 

data on the identity, numbers and distribution of species . Much informa-

tion remains as yet unexposed in the samples, and some of this, in parti-

cular the sizes of individuals, sex ratios and state of maturity will be 

useful in planning and amplifying later work . However, for economy of 

effort, such examination should be confined to those samples from which 

information is strictly relevant to future needs . 

2 .3 .4 These needs, in pursuit of the aims already stated, will involve 

continued monitoring on a long term basis to establish the range of natural 

variability expected within the area . However, given the extensive back-

ground information already available on the animal communities, it should 



was to define species numbers and distribution . An important aspect of the 

monitoring will be to detect changes in the populations of the dominant 

species and to plan this adequately,,a statistical analysis should be done 

of the precision of the means of relevant existing data to determine the 

optimum number of samples required . The sampling pattern should be 

reviewed, since the concept of a transect is not necessarily the best one 

for this new direction of the work . It might for example be useful to think 

of a station more as a habitat, encompassing a wider area than in the earlier 

surveys, so that a more extensive section of the substratum could be cov-

ered by groups of 2-3 samples . A suitable statistical design could be 

employed to give the best estimate of within-station variance . Investiga-

tion of these suggestions is RECOMMENDED . 

2 .3 .6 Processing the monitoring programme samples would,for the most part, 

follow the procedures already in use . One major exception is that ash-free 

dry weights would be required . Standard techniques are available for this, 

and have been discussed with the group . 

2.3 .7 Along term monitoring programme of this type, done against the back-

ground of the earlier studies, will permit the detection and quantifica-

tion of changes in the benthic communities . However, because of the variable 

turn-over rate of different species, and of the same species in different 

years, knowledge of the productivity as well as of the standing stock is 

required if the changes are to be interpreted . Production data will con-

firm the predictions, made initially from standing stock values, of what 

species are important in terms of energy transfer, and will allow evalua-

tion of how changes in the main species populations will affect the eco-

system as a whole . 

2 .3 .8 Secondary production may be studied by concentrating on representative 
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benthic communities, and because of the relatively static life-style of 

the infauna it may be felt that such an exercise would be sufficient in 

itself for pollution studies . But this point of view is short-sighted, 

since the benthic changes cannot normally be understood with reference to 

the rest of the ecosystem . In the case of point-source pollution (e .g . 

7-L/ 

sections of selected communities and sampling at sufficiently short inter-

vals (6-8 weeks) over a 12-month period, to give estimates of recruitment, 

growth and mortality . Productivity estimates of this kind may be confined 

to selected species which earlier observations have highlighted as likely 

to play an important part in :the community by reason of number or biomass, 

but the work must be done in a rigorously quantitative manner, and collec-

tion and processing of samples must be designed to secure adequate estimates 

of the smallest benthic stages, which constitute the recruit class . This 

could entail using a very fine sieve, perhaps of the order of 0 .25 mm for 

at least a proportion of the samples . From the data at present available 

it would seem that 20-30 samples would be required for each survey, but 

the economic approach would be to collect the estimated maximum, and pro-

cess only those needed to provide enough specimens for study . 

2 .3 .9 It is RECOMMENDED that a start should be made, if possible during 

1978, on a study of secondary production as described above, in one of the 

STOCS areas where the benthic infauna is clearly dominated by a manageable 

group of animals - for example the bivalve, polychaete or amphipod facies 

of the shallow muddy sand community . When the results from the first 

productivity study are available, the value of continuing this type of 

work in other areas should be reassessed, particularly since the role of 

benthos is ambiguous in the deep water community, where the density of 

individuals is low but the species diversity high . 

2 .3 .10 The proposals above are concerned with evaluating changes within 



detect significant change in the benthos, and particularly to explain that 

part of the change which can be attributed to natural factors . Since comp-

arable changes may be caused by pollutants, the ability to distinguish 

between natural and pollution-induced changes is essential in an effective 

impact study . Surveys in a region which is subject to impact may detect 

obvious changes and produce circumstantial evidence of a gross effect, but 

if chronic sublethal effects are to be unequivocally related to a source, 

then some experimental demonstration must be added to the field observations . 

One aim of the experiments would be to show that the levels of pollution 

actually measured in the field could in fact be expected to produce the 

effect observed . 
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from an effluent pipe or a drilling rig), or for utilizing the integrating 

capabilities of the benthos (as is the basis for the "mussel watch" pro-

gramme), exclusive focus on benthic organisms may be acceptable, but in 

general, before benthic changes can be unequivocally attributed to pollu-

tion and their significance determined, a good understanding of the rela-

tion of benthos to the rest of the ecosystem is required - its dependence 

on water movements to distribute larvae and bring food, and its role in 

passing on material from one trophic level to another . An important aspect 

of this is prey-predator relationships - involving studies not only of how 

the benthos feed, but also of how they are preyed upon by other infauna 

species and by epifauna and fish . The existing trawling procedure for 

epibenthos and fish could be employed to obtain stomachs for analysis of 

food preferences, and data on the nature and intensity of predation . Ideally, 

- smaller animals should also be brought in, and the influence of meiofauna 

on the food web considered . It is thus RECOMMENDED that a quantified food 

web be constructed in conjunction with the work on secondary production . 

2 .3 .11 The work proposed so far is concerned with establishing a capacity to 



jetty, on the land outside the lab, or inside the laboratory itself . It 

would be possible to collect sediment from the shallow muddy sand zone and 

stock it with a selection of the dominant species, such as Ampelisca agassiz , 

Abra equalis or Tellina versicolor which occur in numbers of 500-1000 indi- 
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2,3 .12 In this context, small-scale laboratory studies of the LCSO type are 

a necessary preliminary . Such studies have been done on a wide range of 

species, and this type of work need be repeated here only when required 

information is not available from published sources . However, even in areas 

of acute impact, it may be difficult to extrapolate data from small scale 

LCso experiments to the field in a realistic manner, and in those more 

extensive areas where it is the low level sublethal impact which is at issue, 

the results of LCSa tests must be regarded as only an initial step . 

2 .3 .13 Additional experiments are required, using low levels of pollutants 

comparable to those found extensively in the sea, and applying this on a 

long term basis not to single species but to a significant portion of the 

food chain . These experiments should be on as large a scale as possible 

in an attempt to simulate open sea conditions and to represent a link 

between the lab and the field . Such an approach involves, in a sense, 

taking either the field to the lab, or the lab to the field. 

2 .3 .14 The former approach can be accomplished using large containers set up 

in a lab, pier or shore, preferably with access to a continuous supply of 

natural sea water which will provide suitable physical and biological 

medium for the experimental community . The tanks should be large enough 

to permit the survival of more than one trophic level of the food chain, 

and to allow pre-predator interaction to take place . The experiments should 

continue long enough for detectable sublethal changes to be manifest . An 

ade4nate system of control tanks is essential . A number of possible faci-

lities exist for such work at Port Aransas . Tanks could be sited on the 



should be possible to produce information relevant to the two types of 

situations which require reaction . First that in which a low level increase 

in hydrocarbons on other pollutants might raise the question of a long-term 

adverse effect . Second, that in which a point source of pollution might 

pose a threat to a more limited area . 
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viduals per m2 in some areas, and which might be amenable to experimental 

work . The project would consist first of establishing the set-up in a 

viable condition, then of using it as a tool to examine the effects of 

selected pollutants or other perturbations - drilling muds, sedimented oil 

residues, soluble oil, etc . 

2 .3 .15 The lab-to-field approach involves such techniques as isolating an 

area of seabed with at least the lower segment .of the water column, by, 

for example, inserting large cylinders (up to several feet in diamter) into 

the sediment, and examining the effects-'of a variety of experimental treat-

ments compared with both control enclosures and natural sediments . The 

strong team of divers gives considerable scope for this type of work, and 

the large number of species present even in tie inshore communities in the 

Gulf offers the possibility of detecting change not only by variations in 

the numbers of individuals, but also by alteration in species structure . 

2 .3 .16 Each of these two types of large-scale experiment has both advantages 

and disadvantages . The shore-based tanks are more easily controlled in the 

experimental sense and supervised ;n the physical sense, but they are 

isolated from the real environment : Underwater chambers are much closer 

to nature, but may be more difficult to manage and to protect from damage . 

It is RECOMMENDED that consideration be directed to building appropriate 

experimental work into the programme . 

2 .3 .17 .Given such a package of field observations and experimental work it 



sparsely distributed. They must, therefore, be collected by towed gear, 

which does not have the same efficiency or precision as the grab . Sam-

pling must thus be regarded as, at best, semi-quantitative, requiring a 

major effort to achieve a good account of population fluctuations . In 

view of this, the decision to base the epifauna programme on specimens 

taken from the trawl used in fish sampling was probably a wise compromise . 

The admittedly sparse data have been fully exploited to provide a useful 

account of the epifauna populations but in view of the paucity of the 

material, it is doubtful if further processing of these samples would be 
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3 . TOPOGRAPHIC HIGH STATIONS 

3 .1 The substantial effort devoted to the two bank areas - Hospital 

Rock and Southern Bank, has produced a well-documented description of 

the macrobenthic infauna there throughout tie year . The comments made 

earlier in this report on grab sampling generally, apply also to this 

aspect of the programme, and will not be repeated here, except to empha-

size the difficulties of processing samples containing large quantities 

of shell gravel, and the value of an automatic picking technique (see 

paragraph 2 .:1 .3) . 

3 .2 The data collected so far will serve as valuable background if these 

sites require evaluation at a later date because of direct pollution 

impact, but they make up only a small proportion of the study area, and 

are neither convenient to sample nor attractive for experimental work . 

Thus, unless they can be shown to deserve special attention because of 

commercial fisheries or intrinsic ecological interest, it is RECONIIKENDED 

that no further effort be devoted to them at present . 

4 . MACROBENTHIC EPIFAUNA STUDIES 

4 .1 Many epifauna species are mobile and migratory and may be relatively 



5 .1 This small study of an area immediately before and after occupation 

by a drilling rig is of special interest . Problems of sampling and varia-

bility make interpretation of the epifauna and fish data difficult, but 

the benthic infauna collections are more than adequate and should provide 

a picture which will be not only relevant to the site in question but 

also of general interest in a much wider context . 

5 .2 Having analyzed the first five infauna stations (30 samples) and 
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justified . 

4 .2 If however, the extension of the benthos programme outlined in 

paragraph 2.3 .10, , does take place, a relevant epifauna study is RECOM-

MENDED to complement it . For such work, a suitably modified dredge or a 

3 m Agassiz trawl, with mesh small enough to collect juveniles might be 

more appropriate than the otter trawl at present employed . A number of 

techniques - the use of a pedometer, careful timing of hauls, operating - 

from a marker buoy in set directions in relation to the tide, etc ., 

might be used to reduce variability . 

4 .3 Such a programme would be related to the detailed infauna studies, 

being concerned with the role of epifauna in the overall community and 

its relationship with other ecosystem components . It would not deal with 

epifauna as part of a commercial fishery . This is an aspect to which BIM 

may wish to give additional attention . It is therefore RECOMMENDED that 

further consideration be given to potential threats to the epifauna as 

a resource . Experimental studies of the type referred to in paragraph 

2 .3 .16, , would be relevant here, but in addition, further examination 

of commercial statistics and much more extensive sampling at commercial 

intensity would be required . 

5 . RIG MONITORING PROGRAMME 



of the programme may be appropriate . 

6 .2 Although primary production studies are referred to in the 1976 

report, no estimates seem to have been provided in terms of carbon pro-

duction on a unit time and area basis . This is a standard method of expres-

sing production and is essential information if a food web is to be con-

structed and the flow of energy through the system is to be examined . It 

is also of value in comparing one area with another, and might therefore 

be required by BLM in relation to other OCS projects . 

6 .3 The smaller elements of the metazoan populations are dealt with, but 

it is unfortunate that the samples are processed and evaluated at a lab 

demonstrated great similarity between them, the investigators were per-

matted in the interests of economy of effort to defer analysis of fur-

they pre-drill samples . A full analysis of all the post-drill samples 

was done, however, and some comparison can be made of the pre- and post-

drill situation . This suggests that it would be useful to analyze at least 

another seven of the pre-drill stations to make the comparison more effec-

tive, and that a limited number of additional hauls might be of interest 

at the site about 12 months after the original collection to establish 

the current state of the area . It is RECOMIENDED that this additional 

analysis and sampling be put in hand, and that the study be written up 

as soon as possible for publication in the scientific literature . 

6 . OTHER SECTIONS OF THE STOCS STUDY 

6 .1 Although my terms of reference include only the macrobenthic work, 

it has been necessary to read and discuss, among other things, the entire 

Draft Final Report for 1976 to obtain a grasp of the overall approach . 

Since benthos cannot be separated from the other ecosystem components 

if a full understanding is to be achieved, some comments on other aspects 



7 .1 This report is based on two periods totalling five weeks (22 August- 
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widely separated from the one in Port Aransas where the main part of the 

benthic community is studied . The division between meiofauna is an arti-

ficial, operational one, between sections of a continuous spectrum, and 

it is important that regular and frequent contact be maintained between 

scientists working on these two components . Similar comments apply to 

sediment analysis . The sediment is clearly of fundamental importance to 

benthic organisms, and edaphic factors are of major relevance in deter-

mining their distribution . For this reason the collection, processing 

and evaluation of at least the basic sediment data should be done in 

close conjunction with the benthic studies . An important characteristic 

of the sediments which deserves further attention is their organic car- 

bon content . Total organic carbon may be the most easily measured value, 

but some indication of available carbon, perhaps by enzyme digestion, 

would be more relevant . 

6 .4 The histopathology studies are of great interest, but will need to 

be followed up by relating the observed phenomena to effects . It is 

perhaps surprising that such detailed lab histopathology is covered but 

no effort seems to have been devoted to more direct field observations 

on superficial defects - lesions, fin rot, shell disease, skeletal deform-

ities, etc ., which might act as immediate signals of environmental stress . 

6 .5 Finally, in any broad consideration of the effects of Continental 

Shelf exploitation, a major source of concern must be possible threats 

to biological resources, in this case shellfish (particularly crustaceans) 

and finfish . A general reading of the 1976 report suggests that more 

weight might be placed on this area . 

7 . SUMMARY 



7 .3 Data processing has been approached in a highly professional manner 

and a sophisticated framework erected . The distribution of species and 

an exhaustive account of the animal associations of the area have been 

produced . The potential of the data base has not yet been fully exploited 

however, and it is suggested that a rigorous statistical analysis of the 

populations of the main species be undertaken to assess the significance 

of station, seasonal and annual differences . 

7 .4 Progress so far would seem to provide an excellent basis for the 

furtherance of BLM aims as stated in the introduction to the programme . 

It is suggested that advancement of these aims can now be best achieved 

by concentrating future versions of the benthos programme on studies 

designed to detect and explain changes, to assess their significance and 

to identify their cause . It is proposed"that they can best be detected 

and assessed by a longer monitoring programme combined with a study of 

11 September and 24 October-5 November, 1977) spent with the benthos group 

at Port Aransas . It provides an evaluation of the macrobenthos component 

of the current BLM=programme on the STOCS, makes proposals for developing 

the existing data, and sets out suggestions for extensions of the work 

to meet BLM aims . Other aspects of the total programme are referred to 

where appropriate . 

7 .2 The major effort of the benthic programme-is directed towards the 

macro infauna . The collection and processing of samples are carried out 

with a high degree of technical skill and efficiency and the staff are 

organized in such a way that their energies and abilities are utilized 

to full advantage. It has been possible to make only a few minor sugges-

tions for modification to the existing procedures, with the single major 

exception that data on biomass are lacking, and proposals to rectify this 

are made . 



exceptionally comprehensive coverage to the environmental components of 

the area, the absence of data on primary production (as distinct from 

biomass) and available organic carbon in the sediment is noted . The histo-

pathology component makes a useful and often neglected contribution to the 
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secondary production on the bottom and a quantification of the benthic 

food web . Identification of their cause, if this is tied up with low 

levels of pollution, can be achieved by building on to this programme 

a suite of experimental techniques designed to demonstrate any relation-

ship between the organisms and the pollutant . A package containing these 

programme proposals is outlined . 

7 .5 The sampling of the two topographic heights has been successfully . 

completed and a useful picture of the benthos there has been produced . 

It is suggested that this aspect of the programme be now terminated . 

7 .6 The epifauna collections have produced a large volume of data on the 

specific taxa included in this study . These data have been well exploited 

to give a general picture of the distribution and associations of the 

animals and it is not considered, since trawl data are at best semi-quan-

titative, that continuation of this work is justified . However, the nec-

essity of epifauna studies in relation to any food web programme is empha-

sized, and the possibility of looking further at the commercial aspects 

raised . 

7 .7 The Rig Monitoring Study, at least in its benthic aspects, is an 

excellent example of a well designed project which sets out to answer a 

specific question and does so in a strikingly successful manner . The 

data would be greatly enhanced by a small amount of additional analysis, 

and it is proposed that this should be done and that the results of this 

study be written up for publication . 

7 .8 Some comments are made on the overall STOCS programme . While it gives 



8 .2 .6 Pick the samples from water, not alcohol (2 .1 .3) 

8 .2 .7 Investigate cause of specimen fragmentation and alter procedures as 

necessary (2 .1 .4) 

8 .2 .8 Tie up loose ends of taxonomy (2 .1 .5) 
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problem, and deals with the most technically demanding aspect, yet no 

provision seems to be made for relevant and much more straightforward 

observations to be made in the field . The disadvantage of macro meio-

fauna and sediment studies all being conducted in separate establishments 

is stressed and the resulting necessity for regular and frequent consul-

tations is stressed . Finally, the possibility of directing more effort 

to commercial fisheries is raised . 

8 . RECOMMENDATIONS 

8 .1 Throughout the report a number of recommendations are made . This 

section brings these together and provides references to the appropriate 

paragraphs . All the recommendations were discussed as they arose with the 

benthos group and some of them may have been accepted and already put into 

effect or may be in the process of implementation, but for the sake of 

completeness, they are all included here under suitable headings . 

8 .2 Macrabenthi:c Infauna 

Sample Collection 

8 .2 .1 Make structural alterations to top surface of the grab (2 .1 .1) 

8 .2 .2 Measure and record sediment volumes in grab hauls (2 .1 .1) 

8 .2 .3 Extract fauna from sediment cores and replace in main sample (2 .1 .1) 

8 .2 .4 Consider alternative sampling gear for larger infauna (2 .1 .2) 

Sample Treatment 

8 .2 .5 Arrange closer link between sample "pickers" and related members of 

the staff (2 .1 .3) 



of individuals between stations, seasons and years (2 .2 .2) 

Future Programme 

an account of this work should be published (5 .2) 

_)_JO 

8 .2 .9 Publish new reocrds of fauna and descriptions of new species (2 .1 .5) 

8 .2 .10 Derive an index of biomass from the fall 1977 survey (2 .1 .6) 

Data Treatment 

8 .2 .11 Examine alternative approaches to cluster analysis (2 .2 .1) 

8 .2 .12 Analyze data statistically to detect differences in the populations 

8 .2 .13 Consider a long-term monitoring programme, restricted to a selected 

area and season, using an appropriately modified sampling approach and 

possible including shallower water areas (2 .3 .4 and 2 .3 .5) 

8 .2 .14 Initiate a study of secondary production of the infauna (2 .3 .9) 

including with this an attempt to construct and quantify the food web 

(2 .3 .10 and 4 .2) 

8 .2 .15 Introduce relevant experimental studies to supplement the field work, 

as an aid to identifying pollution effects (2 .3 .16) 

Topographic High Studies 

8 .2 .16 No further benthic effort is recommended on this programme at present 

(3 .2) 

Macrobenthic Epifauna Studies 

8 .2 .17 Some epifauna sampling may be required to back up future infauna work 

(4 .2) 

8 .2 .18 Further work on the epifauna as a resource should be considered (4 .3) 

Rig Monitoring Programme 

8 .2 .19 Limited additional sampling and analysis are proposed, after which 
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Length-frequency histograms of all species measured are presented . 
Variations in epifaunal abundance due to recruitment of young size classes 
into the study area were verified . Infaunal data analysis did not show 
seasonal peaks of reproduction possibly because generation time of infaunal 
organisms is short . Simple linear regressions of mean length of an epi-
faunal species against physical variables revealed significant correlations 
with depth, salinity and grain size parameters . Preliminary examination 
of non-linear, multi-variate analysis shows it to be a useful tool for 
explaining the distribution of a species . 
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ABSTRACT 

Benthic invertebrate data from the STOCS were examined for spatial 
and temporal variation in abundance . Species which were characteristic 
of station groups and which showed strong variation in population density 
were studied . Samples collected in 1976 were retrieved and individuals 
sexed and measured . 



INTRODUCTION 

dances, it is possible to delineate optimal ranges of environmental factors 

for a particular species . 

part of the carapace and mollusc height was measured from the umbo to the 

o-i 

Populations of organisms in an ecosystem are responding and adapting 

to the conditions found there . The complexity of the physical, biological 

and chemical system makes it difficult to define the needs of a species 

without a thorough investigation of all factors that impinge on the indi-

viduals . The benthic invertebrates of the STOCS area have never been 

sampled as extensively as in the present study nor has so much supportive 

biotic and abiotic data been available . With the broad data base from 

the BLM-STOCS studies coupled with data on reproduction, growth and abun- 

Analysis of the 1976 benthic data revealed spatial and temporal fluc- 

tuations in population densities particularly in areas of 10 to 50 m depth . 

The causes of these variations in abundance were assumed to be related to 

reproduction and recruitment of young into the populations . This study 

was undertaken to investigate the time of occurrence of reproduction to 

test the hypothesis that size is related to abundance, and to increase 

our understanding of factors affecting the distribution of a few of the 

benthic invertebrates, 

METHODS 

Benthic invertebrates which were characteristic of station groups in 

1976 and which exhibited strong spatial and temporal variation in abundance 

were retrieved from the collections and individuals were measured and sexed . 

In the epifauna, total length of shrimp was . measured from the tip of the . 

rostrum to the tip of the telson, crab width was measured across the widest 



No significant linear correlations of species length with abundance 

were found in the epifauna data investigated . The smallest (which should 

have been most abundant) were not collected in large numbers either because 

they were too small to be taken consistently with the trawl or because 

they were not in the study area (i .e ., Penaeus spp .) . Many of the species 

exhibited a normal distribution of lengths, slightly skewed toward the 

smaller sizes . The first year class was definitely correlated with high 

abundance in certain seasons . Temporal variations in abundance at the 

shallow to intermediate depth stations were due to recruitment of large 

numbers of young . Winter and spring were periods of peak recruitment for 

many of the species . 

A length-frequency histogram of 1976 SquiZZa empusa data (Figure 1) 

indicate that the smallest class enters the study area in winter and spring . 
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ventral margin ; all to the nearest 0.5 cm . Small infauna were measured 

under the microscope with an ocular micrometer . Mollusc height was mea-

sured from the umbo to the ventral margin and amphipod length was total 

length of the dorsal surface of the ..head segment . Polychaetes were gen-

erally fragmented so the width of the parapodia between the 7th and 8th 

segment was used as a measure of size . Total length was possible with 

only one species, Armandia macuZata . 

Measurements for each of the species were recorded and entered into 

the computerized data base . Simple linear correlations were used to test 

the hypothesis of reproductive recruitment and to define significant 

relationships of size to benthic physical variables . Generalized multi-

variate analysis was used to identify important factors affecting the 

distribution of a few species . All work was performed an 1976 BLM-STOCS 

benthic collections . 

RESULTS AND DISCUSSION 
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Figure 1 . Length-Frequency Histogram of SquiZZa empusa Data, 1976 . 



extreme temporal variations . Length-frequency histograms of SquiZZa chydaea 

(Figure 9) and Portunus spinicarpus (Figure 10), species collected most 

frequently in deeper water, show little difference in size throughout the 

year . These two species appear to be reproductive year round . A third 

species collected from deeper water, Armcsium papyraceus, showed an increase 

in abundance in fall (Figure 11) . This increase was probably related to 

reproduction but the picture of growth is not clear . Analysis of another 

year of data is needed to trace size changes . 
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Growth of the most abundant size class can be followed through the year . 

Penaeus aztecus males and females grew at different rates so they 

were separated in this analysis (Figures 2 and 3) . Young P. aztecus 

entered the STOCS study area in spring and their growth can be traced 

through the year . Second and third year classes (in female data) are 

apparent . 

The pink shrimp Penaeus duorarum, and two drabs CaZZinectes simiZis 

and Portunus gibbesii, also had the largest recruitment of young .in spring 

although some young were also seen in the winter collections (Figures 4, 

5 and 6) . In most of the above species the lowest abundance occurred in 

the fall season when only large adults were collected . 

Large abundances in winter epifaunal collections were associated with 

the influx of young Trachypenaeus simiZis (Figure 7) into the shallow 

stations . Penaeus se tiferus, while not as numerous, also contributed to 

the abundance in the winter collections (Figure 8) . The abundances of 

these species were very low in fall due to loss of numbers with age . 

Intermediate to deep stations in the 1976 STOCS did not have such 
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successful . In most cases (Figures 12 through 15) the same size classes 

were present each season . This could be a result of year round reproduc-

tion . One polychaete Armandia macuZata and the amphipod AmpeZisea agassizi 

showed recruitment in the spring and fall ; growth from fall to winter can 

be braced (Figures 16 and 17) . No significant correlatons of mean length 
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Definite reproductive cycles are evident for species collected at 

shallow to intermediate depth stations . The resultant increases in popu-

lation abundance in winter and spring but not in fall caused the patterns 

reported for the 1976 Apifauna data . To determine the causes of spatial 

variation the locations ofyoung and adult size classes were investigated . 

Correlations of mean length of a species were run against the benthic 

physical variables (Table 1) . In most cases mean length was significantly 

correlated with depth, salinity and the sediment parameters . The smaller 

size classes were in shallow, sandy, low salinity habitats while the adults 

generally moved offshore to deeper water . This was also true of the 

species found in deeper water ; the young were in the shallowest regions of 

the species range and the largest adults were at the deepest stations . 

The three exceptions to this trend Portunus gibbesii, Pertaeus duorarwn and 

Penaeus setiferus are limited to the shallower parts of the STOCS (40 m or 

less) and the majority of the population, at least of the two Penaeus spp . 

is located outside our study area in depths less than 10 m . In general, 

the variations in spatial and temporal abundance in 1976 at the shallow to 

intermediate depth stations were caused by the large number of young at 

the shallowest stations and the migration of the adult population (accom-

panied by reduction in abundance of the larger sizes) to the deeper sta-

tions . 

Attempts to find reproductive cycles in infauna data were not very 
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TABLE 1 

CORRELATION COEFFICIENTS OF MEAN LENGTH OF A SPECIES WITH BEtITHIC PHYSICAL VARIABLES 

Optimum Abundance Depth Depth Temperature Salinity Mean Grain X Sand X Clay N 
Depth Zone Rank !n 1976 Range Species Size 

(m) CORRELATION COEFFICIENTS 

Shallow to 1 10-65 Squilln empus4 .659* .228 .402* ,477+' - .451* .529* 39 
Shallow- 12 10-27 Peraeua dxorarwn .142 .389 .084 .237 - .266 .253 14 
Intermediate 22 10-35 Penaeue aetiferua .065 .025 .143 .239 .262 ,193 17 

1 10-81 Tmohypenaeus aimilis .800* ,001 .645* .436 - .399* .476* 58 
3 10-130 Calltinectea aimiZie .485* .191 .517* .41)* - .425* .425* 66 
13 10-40 Portunua gibbeaii .112 - .262 - .279 .361 - .335 .341 17 

Intermediate 10 22-131 SquiZZa ahydaea .628* -,198* .307* .387* - .316* .413* 67 
4 10-131 Penueus aztecus .789* - .493* .582* .529* - .417* ,585* 88 

Deep-Intermediate 5 42-130 Amuaiwn papymceua .540* -,451* .291* .448' - .383* .467* 53 
to Deep 8 27-134 Portunus spinivarpua .718 -,413* ,474 .481* - .368* ,536* 56 

*Level of significance a - 0.05 
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square . 

with depth were found . All size classes were-collected at a station . 

This would be expected of sedentary animals if the young can survive only 

in an area already inhabited by a successful population . Or to state it 

another way, if the populations .of a species are inhabiting all "good habi-

tat" the new recruits can only survive where they find that habitat . In 

some cases such as AmpeZisca agassizi the young do not have a planktonic 

stage and remain in the area of the adult population . Generation time of 

many of the infauna species may be short and our sampling periods too far 

apart to follow their reproductive cycles . 

One important aspect of the.BT.M-STOCS study is the potential for under- 

standing the distribution of organisms in relationship to their total envi-

ronment. An explanation of how such a system works depends on understanding 

the behavior of the individual organisms . For this purpose, multi-variate 

analysis was undertaken and preliminary results of the analysis on three 

species of epifauna are presented . Linear correlations of species abundance 

with independent variables were not significant in most cases . The distri-

bution of many organisms followed a curve with optimal conditions grading 

off on one or both ends to suboptimal conditions and finally to zero abun-

dance . Non-linear functions can fit this type of distribution, whereas 

linear functions cannot . The multi-variate aspect allows combinations of 

independent variables which are based on conditions closely resembling 

those that constitute the animals environment . The value of this technique 

as a prediction of species distribution must be evaluated by using all 

three years of data . Only 1976 BLM data was used in this analysis . The 

technique is based on least squares fitting a non-linear function to the 

species data . The dependent variable was species abundance and independent 

variables were the benthic physical variable (i .e . temperature, salinity, 

time of day, etc .) . The criterion for best fit was a reduction of the mean 



80% of the variation in abundance could be attributed to salinity ; combi-

nation with other physical variables did not improve the best fit . P. 

gibbesii was most abundant at low salinity and was absent from high sali-

nity water . Depth and salinity are significantly correlated . Analysis 

of other years of data should clarify the importance of salinity to this 

species . 

1975 and 1976 BIM data to the analysis . The final result should be a func-

tion which can be used to predict the distribution of a species under 

known conditions . With an explanation of the distribution of major spe-

cies of epifauna it should be possible to describe how epifauna fit into the 
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Portunus gibbesii distribution was best explained by salinity . About 

The distribution of CaZZineetes simiZis was 87 explained by tempera- 

ture and 26% explained by seasonality . When both variables were combined 

the reduction in variation was 45% . These two variables were the most 

important factors regulating C . simiZis abundance in 1976 . 

Penaeus aztecus variation in abundance was best explained by season- 

ality, time of day and temperature . With time of day considered alone, 

the mean square was reduced SI and with season considered alone, the 

mean square was reduced 26%, but a combination of the two variables 

reduced the mean square 48% . Including temperature as a third variable 

resulted in explaining 80% of the variability of this species . The non-

linear functions used were exponential sine curves (for season and time of 

day) and a Gaussian curve for temperature . These functions are considered 

to be biologically sound because they do not predict negative or infinite 

abundances, and allow gradual changes from optimal conditions such as can 

be seen in natural situations . A three dimensional plot of the best fit 

function for P. aztecus distribution is presented in Figure 18 . 

These preliminary results can be strengthened by the addition of the 



Figure 18 . Abundance of Penaeus aztecus as a Function of Julian Day 
and Time of Day at a Constant Temperature of 25°C . 



cycles . 
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physical, chemical and biological system of the STOCS . 

CONCLUSIONS 

Epifauna 

1 . Temporal and spatial variations in abundance in 1976 collec- 

tions were due to recruitment of young age classes . 

2 . Fall 1976 collections were low because of no recruitment at that 

time . 

3, Large variations in abundance were confined to species with 

shallow shelf or estuarine connections . 

4 . In general species with life histories confined to the STOCS 

study area did not show great temporal variation, 

5 . There was a general tendency for young to be found in shallow 

water and for the adults to move offshore to deeper water . 

6 . Preliminary results of non-linear, multi-variate analysis confirm 

the suggestions that species abundance is significantly correlated with 

abiotic variables . 

Inf auna 

1 . Recruitment and growth patterns in infauna data were not clear . 

2, Prolonged or. year round reproduction may be occurring in infaunal 

populations . 

3 . More frequent collections are necessary to trace reproductive 
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CHAPTER SEVEN 

BIOMASS MEASUREMENTS OF BE:~HIC INVERTEBRATES 

Principal Investigator : 

J . S . Holland 

Associate Investigators : 



ABSTRACT 

Biomass, measured as wet weight, of 19 epifaunal species and 14 
infaunal species for nine monthly and seasonal collections during 1976, 
was assayed . Distribution of bionass spatially and temporally was 
analyzed and regression of biomass on numbers of individual by species 
was obtained. 

Biomass was significantly correlated with numbers for all species 
except CZymeneZZa torquata. Regression equations are provided . 
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Total sample biomass was distributed according to depth for both 
epifauna and infaunal organisms . Infauna exhibited a gradient in total 
biomass inversely proportioned to depth . Epifaunal biomass decreased 
precipitously in the deepest of the zones while remaining essentially 
the same in the two shallow zones . Analysis of variance on raw biomass 
and standing crop data showed no significant differences in total biomass 
with season or with transect . A great deal of within treatment (season 
or transect) variability was observed . 

Biomass of individual species showed several interesting patterns . 
Infaunal species were either basically shallow-water species grading into 
deeper zones or the reverse . Epifaunal species exhibited several other 
bionass distribution patterns including apparent mid-depth species which 
exhibited decreased biomass in both shallower and deeper zones . Mean 
collection biomass exhibited possible recruitment periods for a limited 
number of species, with no significant pattern for most . Many species 
had little variation in collection mean biomass indicating possible 
continuous recruitment . 



lection, we chose species that had exhibited numerical dominance over the 

duration of the study and those species that we felt, due to their large 

individual size, would have significant impact on biomass even though 

their numbers may be relatively small . Some species were chosen because 

their distribution was limited to a portion of the study area (e .g. Para-

Zacydonia paradoxa in deep stations) . It was felt that even though these 

species were neither numerically dominant nor relatively large, that they 

represented biomass to be found at localized areas and should be included, 

Although there is a long-standing debate among community oriented 

ecologists concerning the relative efficacy of numbers and biomass as 

indicators of the "quantity" of a faunal association, we do not attempt 

to shed new light on that debate . We are aware of the many sources of 

i r 

INTRODUCTION 

Biomass estimates for 19 epifaunal and 14 infaunal invertebrate 

species taken from the South Texas Outer Continental Shelf during 1976 

have been made . These measurements are the first biomass estimates to 

be made on benthic invertebrates during the BLM funded STOCS study . Total 

sample biomass estimates were not made on the 1976 collections and could 

not be reconstructed during this study as specimens are archived by 

species rather than sample . Concomitant with this biomass study, however, 

total sample biomass for infaunal samples collected during the fall, 1977, 

cruise has been measured . 

The species selected for biomass measurements were those that met 

one or more criteria that were felt to delimit biologically important 

species in a qualitative or at best, semi-quantitative way . We opted 

to select species based on our knowledge of numerical dominance, distri-

bution patterns or individual size . Since numbers and site of individuals 

within a collection are dominant factors in the biomass within that col- 



ParaZaeydonia paradoxa, Nephtys ineisa, Diopatra cuprea, Lzenbrineris 
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variability inherent in non-destructive biomass measurement techniques 

and acknowledge no control over some sources such as fragmentation of 

most infaunal specimens utilized (one species, Armandia macuZata was 

consistently whole), but attempted to be as rigorous as possible in limit-

ing other sources of variation (operator differences, varying amounts of 

wetness, etc .) . 

This study was divided between biomass measurements of individual 

benthic epifaunal species (epifauna defined as macro-invertebrates asso-

ciated with the sediment water interface, collected with a trawl) and 

benthic infaunal species (infauna defined as macroinvertebrates associated 

with the sediment-water interface, collected with a Smith-McIntyre bottom 

sampler) . We-_attempted *to delimit spatial and seasonal patterns in biomass 

for each species and to evaluate the relation between numbers and biomass 

through regression of weights or numbers . Comparisons among the various 

destructive and non-destructive means of assessing biomass for a limited 

number of epifaunal species were attempted . 

METHODS 

Specimens utilized in the biomass study were collected during the 

nine cruises of the 1976 study period . These included three seasonal 

cruises (spring, fall and winter) and six monthly cruises (March, April, 

July, August, November and December) . Collection methods have been 

described in the 1976 final report . All infaunal and epifaunal inverte-

brates from 1976 were .a=cfiived"by sgeties . 

The following species of infaunal organisms were weighed to measure 

biomass : Cossura delta, Paraprionospio pimuzta, MageZorca phyZZisae, Asychis 

eZongata, CZymeneZZa torquata, Armandia maeutata, Sigambra tentacuZata, 



and Sieyonia dorsaZis were used to compare ash free dry weights to pre-

served weights . Fresh samples were obtained, fixed in 10% forma.lin, then 

preserved in 50% alcohol . The individuals of the particular species were 

weighed according to the above procedure for wet weight then dried in an 

oven at 90°C for 24 hours . This was taken to be dry weight . Finally, 

the samples were heated to 550°C for 24 hours to obtain the ash free dry 

weight (Buchanan and Warwick, 1974) . 

parvapedata, Ninoe nigripes, Abra equaZis and AmpeZisea agassizi . Lie 

(1968) suggested a drying time of 510 minutes after which an asymptote 

would be reached for wet weights . This time limit would fluctuate 

depending on the size of the species examined . The drying time for the 

samples of infauna was one to three minutes since the majority of the 

species were very small . The samples were weighed on a SARTORIUS analy-

tical balance with an accuracy to 1 x 10-4 gm . Only one of the above - 

species, Armandia macuZata, contained samples with whole organisms . 

Anterior fragments comprised samples of the other species . 

The following 19 species of epifauna were analyzed : ReniZZa muZZeri, 

Amusium papyraceus, PoZystira aZbida, SquiZZa chydaea, SquiZZa empusa, 

Penaeus aztecus, Penaeus duorarnvn, Penaeus setiferus, Trachypenaeus 

constrictus, 2rachypenaeus simitis, Aeetes americana, Sieyonia dorsaZis, 

SoZenocera vioscai, Anasimus Zatus, CaZZineetes simiZis, Portunus gibbesii, 

Portunus spinicarpus, Astropeeten cinguZatus, and Astropecten dupZicatus . 

The drying time of each species was : determined using the asymptote method 

described by Lie . The time varied from 10-20 minutes depending on the 

size and amount of alcohol retained by the individual. . The measurements 

of weight were made on an OHAUS triple beam balance accurate to O :l gm . 

Four species, SquiZZa chydaea, Penaeus azteeus, Traehypenaeus simiZis, 



y is weight (g) ; x is the number of individuals and m is a constant , is 

given in Table 2 for each species . This equation forces the origin to 

be zero . The standard linear regression (y = a + bx) would allow for 

some weight to be present with no individuals present . 

/-b 

RESULTS 

Epifauna 

Biomass and numerical distribution data for epifauna are summarized 

in Tables Z and 2 . It is apparent (Table 1) that most of the epifaunal 

species analyzed exhibit distinctive biomass distribution patterns accord-

ing to depth. This depth relationship can be used to divide epifaunal 

species into three basic groups ; a shallow water group characterized by 

ReniZZa muZZeri, SquiZZa empusa, the penaeid shrimp, etc . ; a moderate 

depth group characterized by SquiZZa chydczea, SoZenoeera vioscai and 

Astropecten dupZicatus; and a deep water group including Amusium papyra-

ceus, PoZystira aZbida, Anasimus Zatus and Portunus spinicarpus . The 

total biomass collected during the year showed little difference between 

depth zones 1 and 2, but a considerable drop-off in total biomass in 

depth zone 3 (Table 1) . The brown shrimp, Penaeus aztecus, the gulf 

crab, CaZZineetes simiZis, and the paper scallop, Amusium papyraeeus, 

were the major contributors to the total annual biomass of the 19 species 

investigated . These three species contributed almost two--thirds (66 .12y) 

of the total epifaunal biomass measured . 

The epifauna species showed very significant correlations between 

numbers and biomass (Table 2) . This was seen also in the fact that four 

of the five numerical dominants were also in the top five species contri-

buting to biomass . 

Regression of weight on numbers utilizing the equation : ly = Mx where 



ReniZZa muZZeri 747 .2 94 .0 2 .6 843 .8 .77 347 1 .7 
PoZystira aZbida .0 61 .5 753 .8 815 .8 .75 168 .8 
Amusium papyraceus 2,6 3014 .8 7356 .4 10373 .8 9 .48 1080 5 .5 
SquiZZa chydaea 273 .8 1626 .4 419 .3 2319 .5 2 .12 495 2,5 
SquiZZa errrpusa 4546 .6 696 .3 .3 5243 .2 4 .80 592 2 .9 
Penaeus azteeus 20299 .4 17870 .4 2746 .8 40916 .6 37 .38 2740 13 .7 
Penaeus duorczrum 3133 .8 .0 .0 3133 .8 2 .86 223 1 .1 
Penaeus setiferus 2396 .0 67 .7 .0 2463 .7 2 .25 102 .5 
Sicoynia dorsaZis 583 .8 3033,1 .0 3616 .9 3 .30 3164 15 .8 
SoZenoeera vioseai .0 1877 .2 290 .8 2168 .0 1 .98 957 4 .8 
Trachypenaeus constrictus 408 .8 .7 .0 409 .5 .37 137 .7 
Trachypenaeus simiZis 4883 .9 4212,5 7 .3 9173 .7 8 .38 5070 30 .3 
Acetes amerieana 6 .3 .1 .0 6 .4 > .O1 235 1 .2 
Anasimus Zatus 2,6 100 .2 1194 .6 1297 .4 1 .19, 262 1 .3 
CaZZineetes simiZis 5110 .5 15416 .6 151 .6 21078 .7 19 .26 2125 10 .6 
Portunus gibbesii 692 .8 6 .4 .0 699 .2 .53 225 1 .1 
Portunus spinicarpus 18 .2 596 .6 3092 .0 3706 .8 3 .40 583 2 .9 
Astropeeten einguZatus 23 .7 580 .9 359 .7 964 .3 .88 177 .9 
Astropeeten dupZicatus 11 .5 205 .5 5 .8 222 .8 .20 347 1 .7 

i 

49530 .9 16381 .0 109453 .4 - 20029 - 

Zone 1 = 39 .8 of biomass total 
Zone 2 = 45 .3 of biomass total 
Zone 3 = 14 .91 of biomass total 

Biomass (Total Wt, g/yr) of epifauna = 99 .971 of combined infauna and epifauna biomass . 
Total Epifaunal Individuals = 471 of combined total infaunal and epifaunal individuals . 

TABLE 1 

EPIFAUNA BIOMASS BY SPECIES . DEPTH RELATIONS, ANNUAL TOTALS, BIOMASS AND NUMERICAL COMPOSITION 

Percent 

Species Depth hones - g/yr Total Wt . Y Total Ind ./yr Epitaunal 
1 2 3 g/ yr Epif auna Wt . Ind . 

Total 43541 .5 



EPIFAUNA SEASONAL AND SPATIAL BIOMASS DATA . REGRESSION AND CORRELATION OF WEIGHT ON NUMBER OF EPIFAUNAL SPECIES 

Species winter (7) March (8) April (9) Spring (1) July (2) August (3) Fall (4) November (5) December (6) 
Wt N Wt N Wt N Wt N Wt N Wt N Wt N Wt N Wt N 

V 
1 
00 

Renillu meelleri 16 .9 5 297 .9 94 523.9 245 5 .1 7 2 .24 .955 
Polystira albida 34 .0 8 92.7 13 - - 688 .6 147 3 .92 .839 
Mnteieun pctpyrctceus 389 .8 50 6785.1 535x11.6 36 2187 .3 461 6 .48 .916 
Squilla chydaea 98 .6 16 1409.1 305 507.8 89 305 .0 85 4 .20 .911 
Squilla empusa 1991 .4 270 1474.0 177 432.4 36 1345 .4 109 8 .06 .971 
Penaeua aatecua 2112 .4 121 24928.2 1806 5423 .5 255 8452 .5 558 .1 .26 .805 
Peiuteus duorarion 1018 .3 67 56.7 3 607 .1 37 1451 .7 ' 116 12 .59 .959 
Penaeuu netiferus 862 .3 37 1442 .2 58 81.4 4 77 .8 3 22 .49 .943 
Sicynnia doraali8 297 .3 430 1968.6 2015 400.6 269 950.4 450 .74 .895 
Solenocerct vioscai 183 .5 64 1394 .7 658 383 .2 148 206 .6 87 2 .09 .880 
Tmehypenaeus constrictus 2 .5 1 .3 1 - - 406 .7 135 2 .97 .589 
Trachypenaeua similia 1278 .2 1598 4636.0 2886 1290.9 642 1968 .6 944 1 .26 .805 
Acetes amerieanct 4 .9 183 1 .4 SO >.1 2 - - > .1 .975 
Arutaimus Zatus 56 .0 12 574.4 131 524.6 86 142 .4 33 4 .81 .930 
CaZZinectea aimilia 5796 .5 736 8729.0 965 2770.7 202 3782 .5 222 6 .58 .883 
Portunus gibbeaii 522 .3 181 70.3 15 44.4 11 62 .2 18 2 .81 .977 
Portunuv spinicarpua 292 .9 52 1470.0 232 883.4 130 1060 .5 169 6 .44 .974 
Aetropecten cingulcttus 124 .3 16 528.1 98 297.2 53 14 .7 10 5 .63 .884 
Astropeaten duplieatua 47 .8 95 50.2 100 41.2 48 83 .6 104 .72 ,934 

N = Number of Individuals 

TABLE 2 

ReniZla rmelleri 567 .7 254 40 .4 17 12 .2 3 100 .2 26 1 .5 1 -
Polystira albida 250 .4 95 40 .1 5 39 .1 5 3 .6 1 2 .2 1 -
Amuaium papyraceus 1627 .4 137 1725 .3 148 859 .9 63 963.9 111 399 .1 28 492 .1 
Squilla ehydaea 618 .2 146 396 .4 92 127 .8 26 385 .2 89 125 .3 13 17.7 
Squilla empusa 1631.6 211 720.9 86 243 .2 26 2357.8 246 16 .1 2 26 .7 
Penuleus aztecus 5255 .5 203 1117 .3 41 1376 .3 49 10201 :7 922 648 .5 47 12801 .7 
Penaeus duorarum 593 .8 38 35 .2 2 21 .5 1 2230.0 170 - - 
Penzeus setiferua 797 .0 43 272 .9 13 302 .6 10 411.7 10 - - -
Sicyonia dorsalia 952 .6 188 331.1 256 13.6 39 1213.3 1615 104 .0 86 35 .1 
Solenocera vioscai 460 .5 217 281 .0 154 182 .7 145 656 .1 280 67 .0 15 81 .0 
Traehypenaeus constrietua 3 .2 3 - - - - 404 .5 132 - - .3 
Traehyperureua similia 3931 .4 3t n5 1496 .4 524 528 .0 484 2433 .3 1335 72 .8 22 72 .2 
Acetes cunerticana 4 .8 173 .7 21 .7 27 .2 14 - - -
Aruiai+mea Zatus 342 .1 58 80 .3 38 89 .9 19 164 .6 43 6 .1 2 12 .0 
Callineotea sinrilis 1581 .0 122 750 .2 52 34 .2 . 2 11198 .8 1509 956 .8 94 1063 .8 
Portumia gibbesii 195 .6 62 32 .7 5 1 .0 1 398 .7 138 - - -
Portunus spinicarpua 935 .2 139 299 .9 39 341 .2 50 732 .8 113 56 .8 12 95 .4 
Aatroperten cingulatua 221 .2 29 173 .9 40 38.6 7 106 .3 25 4.0 5 5 .1 
Astropecten duplicatua 83 .4 130 10 .5 31 2 .0 4 25 .0 56 7 .2 15 - 

Regression 
Transect I Tranaect II Transect III Transect IV Plot (y-ax) 

Species Wt N Wt N ~ Wt N~~ Wt N m r 

- 43 .7 23 49.9 18.2 
- 479 .9 61 - 
28 3114 . .' 475 266 .4 965 .0 

395 .2 59 74 .3 179 .4 
3 193 .9 12 23 .7 29 .3 
5 1241.9 278 1320 .0 947 .7 

1105 253.3 12 - - 
- 56.6 3 70 .4 552 .3 
- 747 .6 258 71 .0 88 .6 
20 322,2 99 106 .2 11 .3 
19 1.5 1 - - 
1 219.8 83 79 .3 340 .5 

20 - - - - 
- 362.2 64 4 .9 235 .3 
2 4597.8 234 192.0 704 .1 

60 34.6 10 30.7 5 .9 
- 1097 .7 185 17 .2 200.6 
13 237.7 49 7 .7 169.8 
- 76 .9 88 4 .0 13 .8 



Biomass and numerical distribution data are summarized in Tables 4 

i-7 

Total biomass of the 19 epifaunal species varied between seasons with 

winter and fall being approximately equal with nearly 20 kg per sample 

period . The spring sample was over 34 kg . A one-way analysis of variance 

was run on the seasonal data . Differences in biomass between seasons were 

not significant at the ,05I level . Numbers of individuals were similar 

(approximately 6500) in the winter and spring collections with a decrease 

to less than 2000 in the fall . No significant difference at the .05% 

level of significance was seen . 

Total biomass varied between transects with Transect II and IV yield- 

ing approximately 55 and 23 kg, respectively, total biomass for the year . 

Transects I and III had less biomass with approximately 15 kg each for 

the 1976 collections . Again no significant differences were seen with a 

one-way ANOVA on biomass between transects . Numbers of individuals 

varied between transects with Transect II producing over 10,000 individuals 

and the remaining transects between 2,000 and 4,000 individuals . A one-way 

ANOVA test indicated a significant difference (at the .05I level of signi-

ficance) for numbers of individuals between transects . 

Mean weights of each epifaunal species for each collection and for 

the year are presented in Table 3, Recruitment of smaller individuals 

into the population-should result in lowering the mean weights . Some 

fluctuations as in SoZenocera vioscai, Penaeus azteeus and Astropecten 

cinguZatus showed definite trends for seasonal occurrence of smaller 

individuals . Other species had several periods in which smaller individ-

uals occurred, interspersed with periods in which only relatively large 

individuals occurred . 

Inf auna 



i 
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TABLE 3 

EPIFAUNAL SPECIES COLLECTION MEANS AND ANNUAL MEAN BIOMASS 

Species Winter March April Spring July August Fall November December Annual 
X 

ReniZZa muZteri 2,24 2 .38 4 .07 4 .24 1 .5 - 1 .90 2 .77 3 .64 2 .43 
PoZystira aZbida 2 .64 8 .02 7 .82 3 .6 2 .2 - 7 .83 - - 4 .84 
Amusium papyraceu3 11 .88 11 .66 13 .65 8 .68 14 .25 17 .58 6 .56 12 .58 13 .40 9 .61 
SquiZZa chydaea 4 .23 4 .31 4 .92 4 .33 9 .64 5,90 6 .70 3 .23 4 .08 4 .69 
SquiZZa empusa 7 .73 8 .38 9 .35 9 .58 8 .05 5 .34 16 .16 11 .85 14 .65 8 .86 
Penaeus azteeus 25 .89 27 .25 28 .09 11 .07 13 .80 11 .59 26 .05 20 .63 30 .57 14 .93 
Penaeus duorarum 15 .63 17 .60 21 .5 13 .12 - - 21 .11 - - 14 .08 
Penaeus setiferus 18 .53 20 .99 30 .28 41 .17 - - 18 .87 23 .47 27 .62 24 .15 
Sieyonia dorsaZis 1 .21 1 .29 0 .35 0 .79 1 .21 1 .76 2 .90 2 .03 1 .32 1 .14 
SoZenoeera vioseai 2 .12 1 .82 1 .26 2 .34 4 .47 4 .26 3 .25 4 .25 3 .77 2 .27 
Trachypenaeus eonatrietus 1 .07 - 2 .95 - .3 1 .5 - - 2 .99 
Trachypenaeus simiZis 1 .15 2^86 1 .09 1 .82 3 .31 3 .61 2 .65 2 .40 2 .08 1 .51 
Aeetes amerieana 0 .03 0 .03 0 .03 0 .01 - - - , - - 0 .03 
Anasi»rus Zatus 5 .90 2 .11 4 .73 3 .83 3 .05 6,0 5 .66 4 .9 6,72 4 .95 
CaZZinectes simiZis 12 .96 14 .43 17 .10 7,09 10 .18 17 .73 19 .65 17 .45 17 .17 9 .92 
Portunus gibbesii 3 .17 6 .54 1 .0 2 .89 - - 3 .46 4 .39 2 .95 3 .11 
Portunus spinicarpus 6 .73 5 .89 6 .82 6 .48 4 .73 7 .34 5 .93 5 .73 6 .92 6 .36 
Astropeeten cingztZatus 7 .63 4,35 5 .51 4 .25 0 .80 1 .70 4 .85 7 .7 9 .43 5 .45 
Astropecten dupZicatus 0 .64 0 .34 0 .5 0 .45 0 .48 - 0 .87 1. .0 0 .73 0 .64 



Biomass (Total wt-g/yr) of infauna = .03% of combined infauna and epifauna biomass 
Total Tnfaunal Individuals = 53% of combined total infaunal and epifaunal individuals 

TABLE 

INFAUNAL BIOMASS BY SPECIES . DEPTH RELATIONS, ANNUAL TOTALS, BIOMASS AND NUMERICAL COMPOSITION 

Percent 
Species Depth Zones - g /Yr Total Wt . X Total Ind ./yr Total 

Infaunal 
1 2 3 9/yr Epifauna Wt . Ind . 

Abra equaZis 4 .7732 .1420 .0227 4 .94 11 .54 1387 6 .2 
Sigambra tentacuZata .2019 .0763 .1063 .38 .89 858 3 .9 
ParaZacydonia paradoxa .0 .0096 .0740 .08 .20 180 .8 
Nephtys ineisa 1 .7225 1 .3465 .2654 3 .33 7 .78 900 4 .0 
Diopatra cuprea 16 .9397 1 .1019 .1301 18 .15 42 .41 271 1 .2 
Lumbrineris parvapedata .8106 .0650 .0183 .89 2 .08 2813 12 .7 
Ninoe nigripes .5812 .2619 .1411 .98 2 .29 230 '1'.0 
Paraprionospio pinnata 5 .9382 .5580 .3360 5 .83 15 .96 4527 20 .4 
MageZona phyZZisae .6995 .0045 .0016 .71 1 .66 5411 28 .9 
Cossura delta .0575 .0962 .0595 .21 .49 921 4 .1 
Armandia macuZata .2546 .1120 .0186 .39 .91 219 1 .0 
CZymeneZZa torquata 1 .6122 .0088 .1301 1 .75 4 .09 373 1 .6 
Asychis eZongata 1 .2155 :8752 .0179 2 .11 4 .93 1165 5 .3 
AmpeZisea agassizi 1 .8308 .1781 .0323 2 .04 4 .7,7 1971 8 .9 

Total 36 .6374 4 .8360 1 .3313 42 .80 - 22226 - 

Zone 1 m 85 .61 of biomass total 
Zone 2 = 11 .29% of biomass total 
Zone 3 = 3 .111 of biomass total 



(ANOVA) . Spring values were the highest and fall values the lowest but 

statistically significant differences were not seen . Several species 

showed seasonal abundance extremes . Diopatra cuprea had a much lower . 

biomass in the fall collection although the number of individuals was 

not much lower . Abra equczZis showed peak biomass and numbers in the 

spring collection . Biomass of most species varied relatively little 

during the various seasonal collections, however, numbers of individuals 

varied for a few species (Lumbrineris : parvapeduta, MageZona phyZZisae, 

/--L/- 

and 5. Again, it is apparent that most infaunal species showed a dis-

tinct biomass distribution according to depth *(Table 4) . The majority of 

the 14 species assayed showed greatest biomass in the shallow zone . Sev-

eral (Sigambra tentacuZata and Cossura delta) showed little depth prefer-

ences . ParaZacydonia paradoxa had a decided preference for the deepest 

zone . No species of infauna assayed showed highest biomass at the mid-

depth zone . 

The three infaunal species having the greatest total biomass during 

the 1976 collection year were Diopatra euprea, Paraprionospio pinnata and 

Abra equaZis . They accounted for 69 .917 of the total assayed infaunal 

biomass collected during 1976 . Numerical dominants among infaunal species 

were Mage Zona phyZ Zisae, Paraprionospio pinnata and Lumbrineris pczrvczpe- 

data accounting for 62% of the total number for the 14 infaunal species 

assayed (Table 4) . 

Regression of weight on numbers of individual infaunal organisms data 

is given in Table 5 . The calculated correlation values (r) were generally 

smaller than those for epifauna but all were significant at the 0 .01 level 

except CZymeneZZa torquata in which weight was not significantly correlated 

to numbers . 

Seasonal values for total biomass were not significantly different 



Sigrnnbra tentaculata .0419 128 .2652 427 .0420 16l .0354 142 .87x10-° .560 
Paralaeydonia pnrndoxa .0207 49 .0390 76 .0110 25 .0129 30 4 .36x10 4 .7B1 
Aephtye inciea .5242 129 2 .4872 558 .1616 108 .1614 105 3 .05x10-s .490 
Diopatru cuprea 12 .0048 95 .7581 24 1 .1492 41 4 .2370 111 7.64x10-2 .775 
Lunrbrtnerie paruapedata .2298 671 .0680 239 .3224 1038 .2737 865 2.13x10-'' .669 
Ninne nipripea .2507 44 .5483 118 .0819 39 .0917 29 4 .93x10 ° .549 
Paraprionoepio pinnate .7576 635 5 .6764 3271 .2047 237 .1935 384 1-~91a10 3 .88) 
Magvlona phyllisae .2488 2622 .0939 323 .2706 2378 .0923 1088 9 .80x10-5 .921 
Coeswa delta .0353 154 .1148 480 .0284 116 .0347 171 1 .93x10 4 .7b9 
Armandia +naculata .0237 24 .3208 133 .0270 43 .0131 19 1 .59x10-3 .490 
C1ymvtteZla torquatn .2680 6 ,0441 1 .1894 128 1 .2496 238 1 .12x10 3 .182 
Aeyehie eloripata 1 .8218 1117 .1536 10 .0002 5 .1330 33 6 .04x10 '' .511 
Abra equnlis 4 .2018 506 .0199 116 .3965 650 .3197 115 2 .81x10-3 .578 
AmPeliacct aqae:rixti .0409 53 .3912 396 1.5486 1458 ,0605 64 1 .05x10-3 .959 

TABLE 5 

INFAIINA SEASONAL AND SPATIAL. BIOMASS DATA . REGRESSION AND CORRELATION OF WEIGHT ON NUMBERS OF INFAUNAL SPECIES 

Species Winter (7) March (8) April (9) Spring (1) July (2) August (3) Fall (4) November (S) December (6) 
Wt N Wt N Wt N Wt N WC N Wt N Wt N Wt N Wt N 

Siy.nnbra tentaculata .0806 101 .0218 42 ,0197 28 .0860 235 .0323 71 .0348 39 .0637 220 ,0263 54 ,0197 67 
Faralacydonia paradoxa .0115 19 .0058 11 .0023 6 .0202 42 .0074 11 .0022 7 .0228 62 ,0031 11 .0071 11 
Nephtys ineiea .5108 106 .2874 50 .3398 38 .6995 143 .0692 36 .4445 92 .4745 242 .2129 96 ,2958 97 
Diopatra cupre4 6 .7862 89 .0050 7 .0178 7 9 .1949 96 .1309 2 .3669 4 1 .6435 - 68 .0039 2 "- 
Lwnbrinerie parvapedcttu ,3909 475 .0072 34 .0083 24 .1768 515 .0056 28 .0116 34 .2781 1579 .0080 37 .0072 27 
Ninoe nigripea .1850 44 .0634 17 .0496 9 .3242 67 .1239 19 .0924 21 .0880 37 ,0394 10 .0183 10 
Paraprtionnapio pinruita 1.2791 705 .7855 507 1 .3032 486 1 .2162 1009 .1884 189 .1258 213 .5718 630 .5709 425 ,7913 363 
Magelona PhyLlieae ,1137 755 .0167 58 .0071 38 .2814 2518 .0059 25 .0105 38 .2468 2909 ,0078 29 .0105 78 
Coesura delta .0366 130 .0232 81 .0095 51 .0491 231 .0129 62 .0138 51 .0469 224 .0105 48 .0107 43 
Ar»wrutia marulata .1283 21 .0180 5 .0138 7 .0334 42 .0056 10 .0535 39 .0360 54 ,0412 21 ,0554 20 
Clymenella torqiuita 1 .2019 21 - - ,0441 1 .1996 136 - - - - .3052 215 r 
Aeychia elortgatu .7079 16 - - .0564 3 1 .1378 1076 .0322 1 .0017 2 .1726 67 - - - - f 
Abra equnlie ,0791 3 - - .0020 1 4 .5795 1228 .0016 11 .0104 64 .2610 66 ,0015 12 .0029 22 
Ampeliaca agaaeiai .5180 489 .1101 117 .0517 28 . 4583 576 .0163 24 .0468 47 .7388 615 .0605 44 .0347 31 

Species Trensect I Treneect II Tranaect III Trnnsect IV Regression Plot 

Wt N Wt N Wt N Wt N y ~ ~nx 
s r 



TABLE 6 

INFAUNAL SPECIES COLLECTION MEANS ANA ANNUM. MEAN HIOMASS* 

Species Winter March April Spring July August Fall November December Annual 

Sigambra tentaoulntq 0.7902 0.5190 0.7036 0.3660 0.4549 0.8123 0.2877 1 .4130 0.2940 0.45 
I'arwlaoydonia parado:ca 0.6053 0.5273 0.3837 0.4810 0.6727 0.3143 0.3677 0.3364 0.7000 0.46 
Nephtys inniea 4 .8189 5 .7480 8.9421 4.8916 1.9222 4.8315 1.9607 2 .2177 3.0495 3 .7 
Di.opatra aaprea 76 .2494 0.7143 5.93 95 .7802 65 .45 91 .7250 24 .1691 1 .95 - 66 .97 
I.umLrineria parvapedata 0.8229 0.2088 0.3458 0.3075 0.2000 0.3412 0.1763 0.2162 0.2667 0.32 
Ninoe nigripea 4 .2045 3 .1294 5.5111 5.1460 6,5211 4.4000 2 .3784 3 .9400 1.8300 4.28 
Parceprionospio pigmata , 1.8143 1 .5493 2 .6815 1.2054 0.9968 0.5906 0.9076 1.3439 2 .1799 1.51 
Maqetona pbyttiape 0.1506 0.2879 0.2026 0.1118 0.2360 0.2763 O.OA48 0.2690 0.2763 0.11 
Coseura delta 0.2815 0.2864 0.1863 0.2126 0.2081 0.2706 0.2094 0.2188 0,2488 0.23 
Ar+randia macutata 6 .1095 3.6000 1.9714 0,7952 0.5600 1 .3718 0.6667 1.9619 2 .7700 1.76 41 
Clymenellq torqacttct 57 .2333 - 44 .1000 1 .4676 - - 1 .4195 - - 4.69 
Asyohis elorqcttu 44 .2438 - 18 .8000 1 .0574 32 .2000 0.8500 2 .5761 - - 1.81 
Abra equatis 26 .3667 - 2.0000 37 .3923 0.1455 0,1625 5 .6739 0.1250 0.1273 3.56 
Ampelieca aguaeiai 1.0593 0.9410 2.0607 0.1957 0.6792 0.9957 1 .2013 , 1 .3750 1 .1194 1.04 

*Weight .in milligrams 



The most apparent pattern for biomass of both epifaunal and infaunal 

species assayed was that the summed biomass of both groups decreased with 

depth. The infauna species showed a gradient across the shelf while the 

epifaunal species remained similar within the two shallowest zones but 

dropped precipitously in the deepest zone . This general finding, decrease 

of biomass with depth, agrees with results found by other investigators 

of marine benthic organisms . The reason for the epifaunal biomass con- 

/- 1J 

Abra equaZis) but remained relatively unchanged for others (Armandia 

macuZata, AmpeZisca agassizi) . 

Table 6 gives collection mean biomass and annual mean biomass for 

each species . Many of these species -had : a decided tendency to fragment, 

thus many of these data were based on anterior portions only . Even so, 

for several species (Paraprionospio pinnata, via macuZata), there 

seemed to be definite periods in which the mean biomass is diminished - 

indicating the probable periods of recruitment .-In others, 

mean biomass fluctuated very little (Sigambra tentacuZczta) or without 

interpretable pattern (Asychtis eZongatcz) . 

Tables 7 and 8 provide comparisons of fresh and preserved wet weights 

with dry weights and ash free dry weights for selected epifaunal species . 

These comparisons were not attempted an infaunal species due to the lack 

of precision caused by fragmentation and the extremely small weights of 

the organisms . Dry weights and ash free dry weights were consistent within 

a species and varied slightly between species: The one species common to 

both analyses, P. aztectcs, showed siightly higher values for the dry 

weight and ash free dry weights of fresh specimens expressed as a percen-

tage of fresh weights than for preserved weights . 

DISCUSSION 
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TABLE 7 

COMPARISON OF ALCOHOL PRESERVED, DRY AND ASH-FREE DRY WEIGHTS OF FOUR EPIFAUNAL SPECIES 

Species Preserved Dry Percent Ash ''Ash-Free Percent 
Weight Weight Preserved Weight Dry Weight Preserved 

Weight Weight 

SquiZZa ehydaea 5 .1841 1 .0429 20 .12 ,4102 .6417 12 .38 
5 .3486 .8552 15 .99 .3373 .5179 9 .68 
4 .6242 .9206 19 .91 .2999 .6207 13 .42 
4 .6015 .7883 17 .13 .2918 .4965 10 .79 
4 .7620 .8792 18 .46 .3163 .5757 12 .09 

x 4 .9040 .8972 18 .29 .3293 .5705 11 .63 

Trachypenczeua simiZis 4 .3243 .9542 22 .07 .2190 .7352 17 .00 
5 .3231 1 .1628 21 .84 .2478 .9150 17 .19 
3 .8654 .7185 18 .59 .1873 .5312 13 .74 
4 .7609 .9951 20 .90 .2738 .7213 15 .15 
4 .7577 1 .0386 21 .18 .2435 .7951 16 .71 

x 4 .6062 .9738 21 .14 .2342 .7396 16 .06 

Penczeus azteeus 12 .5861 3 .3995 27 .01 .4571 2 .9424 23 .39 
12 .1354 2 .9329 24 .17 .3863 2 .5466 20 .98 
11 .9341 2 .9537 24,75 .3239 2 .6298 22 .04 

x 12 .2185 3 .0953 25 .33 .3891 2 .7063 22,15 

Sicyoni.a dorsaZis 1 .8355 .4473 24 .37 .1390 .3083 16 .80 
1,8047 .5038 27 .92 .2092 ,2946 16,32 
1 .8207 .5003 27 .48 ,2290 .2713 14 .90 
1 .8561 .4794 25 .83 .2007 .2787 15 .02 
1 .6849 .4394 26 .08 .1938 .2456 14 .58 

x 1 .8003 .4740 26 .33 .1943 .2797 15 .52 



Penaeus azteeus 16 .7934 4 .6416 27 .64 3 .7871 22 .50 
16 .2394 4 .7639 29 .34 3 .9252 24 .17 
18 .1461 5 .3829 29 .66 4 .4617 24 .59 
11 .7938 3 .3037 28 .01 2 .6974 22 .87 
16 .6240 4 .8609 29 .24 4,0209 24 .19 
17 .2840 5,1339 29 .70 4 .1175 23 .82 
28 .2576 7,8407 2 .75 6 .3978 22 .64 
26 .6066 7 .0508 26 .50 5 .8119 21 .84 
24 .6449 7 .4693 30 .31 6 .3348 25 .70 
26 .2751 8,0899 30 .79 6 .7502 25 .69 

x 20 .2665 5 .8538 28 .89 4 .8277 23 .82 

1 -1 

TABLE 8 

COMPARISON OF FRESH, DRY AND ASH-FREE DRY WEIGHTS 
OF FIVE EPTFAUNAL SPECIES 

Species Fresh Dry Percent Ash-Free Percent 
Weight Weight Fresh Dry Weight Fresh 

Weight Weight 

SquiZta empusa 19 .9516 4 .9635 24 .88 2 .9663 14 .87 
25 .8436 6 .3546 24 .59 4 .0223 15 .56 
27 .6591 6 .4730 23 .40 4 .2921 15 .52 
28 .7706 7 .9102 27 .49 5 .4198 18 .84 

x 25 .5562 6 .4253 25 .14 4 .1751 16 .34 

Partunus gibbesii 9 .0595 3 .0736 33 .93 1 .6328 18 .02 
5 .9583 2 .2724 38 .14 .9826 16 .75 
5 .4382 1 .9720 36 .26 1 .0543 19 .39 
5 .9591 2 .3240 39 .00 1 .3552 22 .74 
7 .1596 2 .4174 33 .76 1 .2746 17 .80 

x 6 .7149 2,4119 35 .92 1 .2599 18 .76 

SquiZZa chydaea 3 .7059 1 .1749 31 .70 .8328 22 .47 
3 .9858 1 .1450 28 .73 .8122 20 .38 
5,0489 1 .4135 28 .00 .9217 18 .26 
5 .8993 1 .5855 26 .88 1 .1720 19 .87 
6,2009 1 .7958 28 .96 1 .2194 19 .66 
6:8814 2,1121 30 .69 1 .5645 22 .73 

x 5 .2870 2 .5378 29 .09 1 .0871 18 .91 

Penaeus duorarwn 8 .7066 2 .6120 30 .00 .9839 11 .30 
9 .3402 2 .8020 30 .00 .9735 10 .42 

'12 .3231 3 .6969 30 .00 1 .1013 8 .94 
16 .7986 5 .8397 34,76 1 .3505 8 .04 
7 .9660 2 .3898 30 .00 .9087 11 .41 

14 .7322 4 .4196 30 .00 1 .2459 8 .46 
x 11 .64 3 .6267 31 .16 1,0939 9 .40 



epifaunal and infaunal organisms may be explained in that the "depth 

relation" may not be only the effect of depth per se on the various 

organisms but probably includes many depth related factors such as 

sediment type, nutrient availability, stability of hydrographic parameters, 
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stancy within the first two depth zones is the fact:; that several epif3unal 

species (SquiZZu ehydaea, Sicyonia dorsaZis and CaZZinectes simiZis) show 

a decided preference for the mid-depth zone . Other epifaunal species 

(e.g., Penaeus azteeus, Traehypenaeus simiZis) have similar biomass dis-

tributions in both shallow zones . Almost all of the infaunal species 

show a true decreasing gradient across the shelf from shallow to deep . 

Only a few infaunal species ;(ParaZaeydonia paradoxa which showed a reverse 

gradient and CossuzKZ delta which showed no gradient) did not show the 

decreasing biomass gradient across the shelf . No infaunal species showed 

a decided preference for the mid-depth region. 

The depth pattern for epifaunal organisms was-more~-complex than that 

of the infauna . The assayed infaunal species had two basic types of 

species, the shallow and deep groups . In our area, there were many more 

shallow species gading into deep zones than the reverse . Epifaunal spe-

cies had at least four distribution patterns relative to depth . Perhaps 

the most common was the shallow grading to deep species which actually 

was of two types, the continuous gradient across the three zones and the 

precipitous drop in the deepest zone after remaining fairly constant in 

the two shallow zones . The third tape contained species which are truly 

mid-depth species, showing a peak biomass in the mid-depth zone . There 

were no similar species in the infauna assayed . The fourth epifaunal bio-

mass distribution pattern was exhibited by the deep species which showed 

a biomass decrease as depth decreased . 

The difference between the apparent depth distribution types of 



biomass (and numbers) of both epifaunal and infaunal species for seasons 

and transects remains somewhat dubious . Biomass totals for both epifauna 

and infauna showed differences between seasons and transects but due to 

the very great variability within a given treatment (season or transect) 

the one-way ANOVA test was unable to detect difference between transects 

(season or sample) . Spring samples for both epifauna and infauna showed 

the highest biomass of the seasons sampled . The epifauna winter and 

spring samples had similar numbers but the spring sample was much heavier . 

This may indicate growth of prevalent species between February (winter) 

and May (spring) sampling periods . Fall samples were similar in biomass 

to the winter samples but far fewer in numbers of individuals, indicating 

etc . The infauna species, selected because they were biologically 

important to our area, being far less motile have adapted to fewer dis- 

tribution patterns . 

The regression of weights on numbers for epifaunal and infaunal 

species indicated, as might be expected, a generally significant correla-

tion between weights and numbers . Epifaunal species generally had less 

variation in data plots of weights on numbers and had higher correlation -

coefficients (r) . This steed from the greater fragmentation of infaunal 

species and from the greater numbers of infaunal specimens analyzed . All 

species analyzed except the polychaete, CZymeneZZa torquata, showed highly 

significant correlations between weight and numbers . Notes made during 

the weighing procedure indicate a greater than normal percentage of frag-

ments of varying sizes and many individuals of various sizes in the 

samples of this species . The prediction of weight from number of indi-

viduals of a given epifaunal species will be somewhat more accurate than 

for infaunal species within the ranges sampled . 

The apparent lack of statistically significant differences between 



includes the six monthly samples while all other transects have only 

seasonal data. This then negated the importance of Transect II in biomass 

and numbers of individuals, making it similar to Transects I and III for 

the epifauna and to Transects III and TV for infauna . The difference in 

epifaunal biomass for Transect IV Gras primarily due to several species 

including PoZystira aZbida, Amusium papyraceus and Penaeus aztecus, 

Infaunal biomass an Transect I was highest due to the presence of the 
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larger individuals ; stock for reproduction in the winter-spring . These gen-

eralizations would seem to apply to the total sample but individual species 

did not necessarily follow this pattern (or any obvious pattern of seasonal . 

biomass) . Mean weights of individual epifaunal species (Table 3) showed 

a variety of patterns of average weight patterns through time . Some 

patterns, such as that of P, aztecus,may be safely interpreted as recruit-

went of smaller individuals leaving the bays for the continental shelf in 

the spring and summer . However, many species 'ham: no such pattern and 

may actually be reproducing more or less continuously through the year 

(or mayor portion of the year) . This is thought to be true of some 

estuarine invertebrates (e . g. CciZZinectes sapidus Rathbur)in the South 

Texas area and may well be true for same outer continental shelf species 

as well, particularly those species having no known usage of bays and 

estuaries for nursery grounds . Infaunal species showed even less evidence 

for distinct reproductive periods than did the epifauna . It may well 

be that many, if not most, of the smaller infaunal species have a very 

short life span in the relatively warm waters of the STOCS region and 

are indeed reproducing during most of the year, 

t Biomass between transects varied with epifaunal annual biomass being 

greatest along Transects TI and IV . Infaunal annual biomass was greatest 

on Transects I and II . It must be remembered that Transect II data 



dry weights and ash-free dry weights were investigated on several epi-

faunal species . As all regularly collected specimens were archived for 

future reference work, a selected group of species -aras~ collected on an 

ancillary cruise to be utilized in the destructive (dry and ash-free 

dry weight) biomass measures . Dry weight averaged less than 25% of the 

preserved weight of four species and slightly over 25% of the fresh weight 

of five epifaunal species . Apparently, some of the fresh weight was lost 

to the preservative . Ash-free dry weight was more similar averaging 

16-18y of the preserved or fresh weight except in Penaeus azteeus which 

had 22,21 and 23,8% respectively. Unfortunately, there was only one 

species, P, aztecus coon to both biomass measurement (fresh and pre-

served weights) analyses . The percentage dry weight and ash-free dry 

weights were very similar for this species, both being slightly higher 

for the fresh weight analysis, Again a loss of carbon weight in the pre- 

gators had reported low biomass for infauna (Rowe, 1974) in the Gulf of 

Mexico . The 14 species selected probably comprised a major portion of the 

total biomass available . Sanders (1960) reported the top ten species com-

prising about 95% of the total in one of his study areas . We have no way of 
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polychaete, Diopatra cuprea, which had more biomass on Transect T than 

the total biomass nn each of the other transects . Thus 95 individuals 

of one species (D, euprea) collected during the year, primarily winter 

and spring cruises on Transect I, weighed more than the annual summed 

weights of 14 infaunal species (3000 to 6000 individuals) on each of the 

other transects.-WLEhn= this preponderance of Diopatra, the biomass on 

each transect would have been very similar . 

As wet weights are known to be fraught with sources of variability, 

serving :process. tifas indicated . 

Biomass for the infauna was, as expected, fairly low . Other investi- 



knowing the~-aetnal-.pereeatagt but .'.raonld=.estimate-a.~~-1easf 75%__Qf the.-:_infaunal 

biomass was contributed by these 14 species . The maximum seasonal biomass 

of 18 .4559 grams for the 14 assayed species would then estimate 24,6078 

total biomass for the 150 samples collected on the spring cruise, or an 

average of 1,6403 grams of wet weight per square meter over the study 

area . This estimate is slightly lower than fall samples from 1977 which 

are being weighed whole and are averaging slightly less than four grams 

per square meter . These whole samples are utilizing all fragments and 

therefore are more accurate than the present extrapolations but are still 

only about twice the present estimate . The low biomass figures calculated 

give added strength to the hypothesis of continuous infaunal reproduction, 

i.e ., a high turnover rate, if the infaunal organisms are indeed contri-

buting, as we feel they are,,, to the energetics of the STOCS ecosystem. 
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CHAPTER EIGHT 

ADDENDUM TO HISTOPATHOLOGY OF DEMERSAL FISHES 

Histopathology of Mieropogon unduZatus (Atlantic croaker) 
Exposed to Water Soluble Fractions of 

South Louisiana Crude Oil 

Texas A&M University 
Department of Veterinary Anatomy 



Most of the organ samples obtained from fish exposed to varying 
concentrations of water soluble fractions of South Louisiana crude oil 
did not show lesions that could be attributed to the oil . Two of the 
organs, gill epithelium and liver, and possibly a third organ, the 
subcutaneous areas, did show a response to the crude oil . The fact 
that some organs did not demonstrate a response and that others showed 
a minimal response suggests that the lengths of exposure, the concen-
trations used, or both exposure and concentrations, were too low to permit 
severe lesions to occur . 
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ABSTRACT 

Histopathologic analyses of approximately 100 Micropogon unduZatus 
(Atlantic croaker) exposed to water soluble fractions of South Louisiana 
crude oil were made . Five fish were exposed to two solutions (5 and 10% 
of a stock solution) for 1, 3, 7, 14 and 21 days . Samples of liver, 
kidney, heart, skeletal muscle, stomach, gonad and gill were collected 
following the various periods of exposure . 



a magnetic stirring apparatus, one liter of South Louisiana crude oils 

with nine liters of distilled water for 24 hours . The distilled water 

containing water soluble portions of the crude oil was drawn from beneath 

the oil layer . This was designated the stock solution . The stock 

solution was diluted with synthetic sea water (INSTANT OCEAN) to 5 and 10% 

1 Supplied by Shell Oil Company, Houston, Texas . 

INTRODUCTION 

This special report is concerned with the histopathologic analyses 

of Micropogon unduZatus (Atlantic croaker) exposed to water soluble 

fractions of South Louisiana crude oil . Organ and tissue responses to 

crude oil exposure were compared to the normal status of selected organs 

currently being characterized in demersal fishes, South Texas OCS Mon-

itoring Study, 1976 and 1977 . 

MATERIALS~AND METHODS 

Experimental Animal 

Approximately 100 Mieropogon ta2duZatus were collected by otter 

trawl in Galveston Bay, Texas . The fish were transported in tanks by 

truck to the Aquatic Animal Medicine Laboratory, Texas A&M University, 

College Station, Texas . Temperature during transport was maintained 

with block ice . Temperature and salinity of the laboratory holding 

tanks were adjusted to approximate bay conditions . The fish were 

allowed to adjust to laboratory conditions for one week . Both treated 

and control fish were maintained on a diet of live shrimp . 

Crude Oil 

A water soluble fraction of crude oil was prepared by mixing, with 
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working solutions in 35-liter aquaria . 

Experimental Design 

Five fish were exposed to each of the two working solutions for 

five periods of time : 1, 3, 7, 14 and 21 days . Fish were maintained in 

the working solutions with aeration only . The working solutions were 

changed daily to insure a constant concentration of the volatile por-

tions of the water soluble fraction of crude oil . Five untreated fish 

served as controls for each exposure period . The experimental design 

is presented in Table 1 . 

Organ Samples 

Samples of liver, kidney, heart, skeletal muscle, stomach, gonad 

and gill were collected following the various periods of exposure . The 

tissues were fixed in-10% buffered neutral fornalin and Helly sottition . 

Following fixation the tissues were washed, dehydrated with ethyl alcohol 

and embedded in paraffin . Blocks of tissues were sectioned at six micra 

and stained with hematoxylin and eosin . In addition, liver, stomach 

and kidney sections were stained according to the alcian blue - periodic 

acid - Schiff procedure (AB-PAS) . 
t 

Tissue sections were evaluated qualitatively for histopathologic 

disturbances . Liver samples were further evaluated using a subjective 

quantitative procedure . Duncan's Multiple Range procedure was used to 

test for significance between means . 

All organ sections were evaluated using a blind procedure in which 

the observer did not know the fish, the treatment or the length of 

exposure from which the section was taken . 



NUMBERS OF FISH EXPOSED TO WATER SOLUBLE FRACTIONS 
OF SOUTH LOUISIANA CRUDE OIL 

5 4 5 14 

5 5 S 15 

25 24 25 74 

0-J 

TABLE 1 

Length of Exposure 
(Days) 

i 
3 

7 

14 

21 

Total 

Control Working Solutions Total 
5% ion 

5 5 5 15 

5 5 5 15 

5 5 5 15 



The degree of vacuolation increased with length of exposure and concen-

tration of the working solution (Table 2) . Degree of vacuolation was 

subjectively evaluated from 1 (no vacuolation) to 6 (extreme vacuolation) . 

Significant increases in vacuolation (P < 0 .05) occurred in the liver 

of fish exposed seven days or longer to the 5 and IOI concentrations of 

RESULTS 

Kidney, gonad, heart and stomach did not show any lesions that 

could be attributed to exposure to the water soluble fractions of crude 

oil . Occasional parasitism was observed, but this was consistent with 

observations in the control fish and in organ samples obtained from 

fish on the Texas Outer Continental Shelf . The mucin content of the 

gastric superficial epithelial cells appeared to be unchanged, as 

determined by the AB-PAS procedure . 

Muscle tissue did not appear to be disturbed by the crude oil 

exposure . During the collection procedure same skin was occasionally 

left attached to the muscle to help maintain muscle compactness . When 

the muscle slides were being read, it was observed that some sections 

contained a lipid or a fatty subcutaneous layer between the skin and 

muscle . The sections with subcutaneous lipid areas were mainly from 

untreated or control fish . 

Gill tissue sections demonstrated a separation of lamellar epithel- 

ium when exposed to both the 5 and 10% concentrations of the crude oil, 

This lesion was first observed after 14 days exposure and was also 

present after 21 days . The degree of epithelial separation did not 

vary between 14 and 21 days of exposure . No other gill lesions were 

observed . 

In the liver, hepatocytes had numerous round cytoplasmic vacuoles . 



*Degree of vacuolation : 1 = little or no vacuolation ; 
2-3 = slight vacuolation ; 
4-5 = moderate vacuolation ; 
6 = extreme vacuolation 
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TABLE 2 

AVERAGE DEGREE OF HEPATOCYTE VACUODATZDN IN FISH 
EXPOSED TO WATER SOLUBLE FRACTIONS 

OF SOUTH LOUISIANA CRUDE OIL 

Length of Exposure Control ' Working'Solutions 
(Days) Sx 10% 

1 1 .6* 2 .2 1 .6 

3 ~ 2 .2 1 .8 3 .0 

7 2 .0 3 .5 4 .4 

14 2 .4 4 .0 4 .4 

21 1 .2 4 .2 4 .8 



crude oil . 

organs, gill epithelium and liver, and possibly a third organ, the 

subcutaneous areas, did show a response to the crude oil . The fact 

that some organs did not demonstrate a response and that others showed 

a minimal response suggests that the lengths of exposure, the concen-

trations used, or both exposure and concentrations, were too law to 

permit severe lesions to occur . 

by which exogenous hydrocarbons enter the body of aquatic animals (Stege-

man, 1977) . Such hydrocarbons would be transported to the liver for 

metabolism. In the present study an increase in hepatic vacuoles 

occurred with increase in time of exposure, an apparent response to 

crude oil uptake . The exact nature of the hepatocyte vacuQlation cannot 
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DISCUSSION 

Most of the organ samples obtained from fish exposed to varying 

concentrations of water soluble fractions of South Louisiana crude oil 

did not show lesions that could be attributed to the oil . Two of the 

Epithelial tissue has high regenerative capacity . It is expected 

that gill epithelium would continually be replaced while under constant 

irritation from petroleum elements . After prolonged exposure to a 

fmreign substance, however, replacement of gill epithelium may not be 

able to keep pace with cell loss, and erosion of the epithelium would 

begin to take place. This erosion of epithelium was beginning to take 

place between 14 and 21 days. of exposure to crude oil as demonstrated 

in~this study. It is expected that with exposures greater than 21-days 

there would be ulceration followed by sloughing of gill lamina . The 

latter lesions would cause severe respiratory depression . 

It has been stated that the gill membranes are one major pathway 
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be determined without employing histochemical procedures . It is believed, 

however, that these vacuoles probably are lipid concentrations . Longer 

exposures to crude oil could lead to irreversible degenerate processes, 

primarily in the liver and secondarily in other organs, especially the 

heart and kidneys . 

The lack of subcutaneous adipose tissue in the fish exposed to the 

crude oil suggests that lipids may be depleted through the skin . This 

would be an important aspect of hydrocarbon pollution, especially for 

use in a monitoring system . The observations presented here, however, 

are not conclusive since skin was not collected routinely as part of 

this study . 
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The rationale for chromosome analysis and components of the techniques 
are outlined . The protocol for fish tissues, blue crab, squid and paper 
scallop are outlined in detail . Some problems still exist in converting 
protocols to marine organisms and in the response of marine tissues to the 
various treatments . The squash technique and modifications to this tech-
nique have proven the most successful for invertebrates and fishes . Inver-
tebrate tissues do not respond well to pre-treatment, therefore direct 
squashes have provided the best material. 
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ABSTRACT 

A variety of techniques have been developed over the past few years 
for the study of chromosomes . Many of these techniques are mainly for 
mammals and a few for other animals . These techniques have been modified 
for marine invertebrates and fishes in this study with good success . 



tissue, (2) choice of technique, (3) type and length of pre-treatment, 

(4) method of preparation, and (5) fixation, A variety of techniques 

were employed, modifications-made and several techniques combined in 

developing techniques that were applicable for chromosome analysis . Dif-

ferent marine fishes and marine invertebrates were used (Table 1) some 

w3th .relatively good zesults,'others~with .poor results . Some of the tech-

piques were arrived at through a trial and error approach while others 

were as described previously in the literature . 

INTRODUCTION 

Chromosomes have been studied in a variety of ways and from a vari-

ety of tissues for many years . The primary method for chromosome prep-

aration was the squash technique (Seryer, 1950 ; Ohno, et at ., 1965 ; 

Sharma and Sharma, 1972) but this did not always produce analyzable chrom-

osomes . In the 1950 " s, Ford and Hamerton (1956) introduced a technique 

for human chromosome preparation that revolutionized the field of cyto-

genetics . As a result of this, newer and better techniques were developed . 

Pre-treatment with mitotic inhibitors were introduced to increase the 

number of metaphase chromosomes . Hypotonic solution pre-treatment to 

aid in the separation and spreading of chromosomes was also introduced 

in addition to the air-drying method which improved the scatter of chrom-

osomes . These and other modifications have been introduced and are being 

employed in the study of chromosomes . 

In this study, the modification of these techniques have been 

applied to the study of chromosomes of marine fishes and marine inverte-

brates . Few studies have been made of marine organisms . Techniques have 

not been fully developed and are in need of refinement . 

Some of the problems that had to be solved were (1) the choice of 



1 . Sand Seatrout - Cynoscion arenarius 48 
2 . Vermillion Snapper - RhombopZites aurorubens --
3 . Barred Grunt - Cordon nobitis --
4 . Silver Perch - Bairdietta chrysura 48 
5 . Gulf Butterfish - PepriZus burti -- 

Invertebrates : 
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Table 1 . Species Sampled and Chromosome Counts . 

Species Chromosome Number 

Fish : 

1 . Blue Crab - Cattznectes sapzdus 24 
2 . Squid - LoZZiguneuta brevtis 24 
3 . Brown Shrimp - Penaeus aztecus 22 
4 . Paper Scallop - Amusium papyrYZCeus 12 



METHODS AND MATERIALS 

Sources of Chromosomes 

Invertebrates 

technique or the air-dry method . The advantages :and disadvantages, as well 

as the specific method used are, discussed in the RESULTS/DISCUSSION section 

of this report . The tissues were either used directly, with no pre-treat-

went and squashed, or given a colchicine (mitotic arresting agent) pre-

treatment, hypotonic pretreatment and squashed or air-dried . The actual 

Sampling 

Organisms used (Table 1) were obtained from trawl samples along Tran- 

sect II in the South Texas Outer Continental Shelf study area and along 

the offshore areas near the University of Texas Marine Science Institute 

at Port Aransas . Some animals were kept alive in holding tanks with con-

tinuous running filtered seawater at the Institute . The other animals - 

were transported to the University of Texas at San Antonio and kept in 

aquaria with Instant Ocean . 

Chromosomes from some of the marine invertebrates were obtained from 

the gills, hepatopancreas, liver and other glandular tissues . 

Vertebrates 

Fish chromosomes were obtained from both external epithelium and 

from internal organs with varying degrees of success . External sources 

that provided tissue for analysis were fin and scale epithelium and gill 

epithelium . Internal tissue sources for chromosomal analysis were the 

liver, spleen, and kidney . 

Chromosome Techniques 

The specific techniques used were either a modification of the squash 



RESULTS AND DISCUSSION 

In order to develop techniques for the different organisms sampled 

from the South Texas Outer Continental Shelf it was necessary to modify 

existing techniques (1),for marine organisms and (2) to the specific 

tissues . The basic principle as described in the literature (Denton, 

1973 ; Sharma and Sharma, 1972) was employed as an initial approach to 

each organism. For some animals these techniques yielded satisfactory 

y-b 

technique used varied from tissue to tissue and from organism to organism . 

Treatment time also varied greatly with the type of organism, and size of 

organism. 

Solutions 

Solutions employed in this study were : 

1 . Colchicine : 0 .25% solution in physiological saline ; 

2 . Marine invertebrate physiological saline ; 

- 3 . Marine crustacean physiological saline; 

4 . Teleost physiological saline ; 

5 . Hypotonic solution 

a . 0 .075 M RCL 

b . 1% Na,~Cftrate 

c . Distilled water ; 

6 . Fixatives 

a . Methanol : Acetic acid (3 parts to 1 part) 

b . 50% Acetic acid ; 

7 . Stains 

a. Aceto-orcein, 27 

b . Giemsa, 



cedure that causes the cells to swell and as a result the chromosomes will 

material, while in others the material was lost completely . The primary 

approach was to handle the tissue as described in the literature and 

monitor the tissue or cells periodically under the microscope in an 

attempt to establish the best time, treatment and/or technique . As 

changes to the basic protocol were made, new material would be so treated 

and again monitored at specific time intervals . Some of the tissues were 

treated and again monitored at specific time intervals . Some of the 

tissues were treated simultaneously with different solutions and treat- 

ments and the results compared for best results . 

The basic protocol employed is basic to most chromosomal techniques . 

The elements in the protocol are as follows : 

a . Colchicine pre-treatment, Colchicine is an alkaloid that is 

used as a mitotic inhibitor . As a result of this inhibitor, it is pos-

sible to increase the number of metaphase figures and increase the number 

of analyzable chromosome spreads . The concentrations normally used 

range from 0 .01 to 0 .5% for periods from one to six hours and sometimes 

for as long as 12 to 18 hours . The colchicine is usually administered 

by injecting the fish in the dorsal musculature or peritoneal cavity and 

by injecting the coelomic cavity of the invertebrates . Pbr the smaller 

fish, where injection is not possible, it is suggested that the fish be 

allowed to swim in dilute colchicine solution . One of the major problems 

with the use of a mitotic inhibitor is that if the treatment is too long, 

it may cause the chromosomes to become overcontracted . It is possible to 

obtain a good material without any mitotic inhibitor, but the number of 

chromosome spreads may be small . 

b, Hypotonic pre-treatment, The hypotonic pre-treatment is a pro- 



d, Chromosome preparation, The air-drying technique is the newest 

method and produces excellent material when it can be used . The tissue 

is dissociated into a slurry of cells and the cells are then pre-treated 

and fixed in this condition . A few drops of thg:fixed slurry of cells is 

deposited on a clean slide and allowed to air dry . Spreading of the 

chromosomes may be aided by blowing straight down on, the slide or by splat- 
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scatter when squashed or splattered on the slide . This treatment is done 

immediately after the tissue is removed from the animal . The hypotonic 

solution can be any solution that has a lower ionic concentration than 

the contents of the cell . Solutions used with . varying success are dis-

tilled water, sodium citrate, potassium chloride and dilute saline solu-

tions . The effectiveness of the hypotonic pre-treatment depends on length 

of treatment and the delicacy of the tissue . Therefore, the treatment 

time may vary from a few minutes up to an hour . Over-treatment will 

result in the cells swelling too much and breaking open with the subse-

quent loss of material . The tape of solution used will often affect the 

quality of the preparation ; thus, some solutions are preferred over others 

for certain tissues . Some invertebrates produced excellent material with 

no hypotonic pre-treatment suggesting that their cells were very fragile . 

c . Fixation . After the cells have been treated hypotonically, it 

is necessary to stop the swelling process . This is accomplished by chem-

ically fixing the material . The most common fixative used is a 3 :1 solu-

tion of methanol and acetic acid . Another fixative often employed is a 

50°6 solution of acetic acid ., Care in handling the cells must be exercised 

since even after fixation it is possible for the cells to burst and result 

in the loss of chromosomes . Fixation is normally from 5'_t0 30 minutes . 



was adjusted for the various fishes, based on size and previous experience, 

tering the drop of slurry onto the slide from a short distance . The 

squash technique, the oldest method, is the most widely used for flatten-

ing metaphase chromosomes . A small piece of fixed tissue is placed on 

the slide, covered with a cover glass and gentle pressure applied with 

the thumb . 

e . Staining . Air dried preparations may be stained in Giemsa or 

other suitable stain after they have dried thoroughly . Squash prepara- 

tions may be stained during the squashing procedure . This is accomplished 

by placing the tissue in a drop of aceto-orcein for a few minutes before 

squashing . The tissue is then squashed and the excess stain blotted . 

This produces a temporary slide that is ready for examination . Temporary 

slides can be converted into permanent slides by the Conger-Fairchild 

(1953) dry-ice method . 

The techniques developed for marine organisms from the STOCS were 

adapted from the above basic protocol . These will be outlined below 

with modifications described for each type of organism or tissue . 

Tissues used from the fishes were gill epithelium, scale and fin 

epithelium, liver, spleen and kidney. The liver, spleen and kidney 

tissues were homogenized to make a slurry of cells . The squash technique 

was used for the chromosome preparations . The homogenization method has 

been used successfully in some laboratories (Gold, 1974 ; Gold and Avise, 

1977) and reportedly provided good analyzable spreads in fresh water fish . 

This technique did not prove satisfactory in our study as the mitotic 

cells were lost in the process, Since the number of animals was limited, 

it was not possible to adjust the technique until the proper combination 

was obtained, 

The squash technique proved to give best results . The pre-treatment 



to remove blood and mucous and incubated in hypotonic solution, A 0 .075 

The basic squash technique employed was that of Ohno et aZ . (1965) and 

Denton (1972) . The main changes were in the treatment times and solu- 

tions used . The protocol was as follows : 

1. Two to three hours prior to sacrifice, 0 .1 to 0 .5 ml of 0 .25% 

colchicine was injected into the dorsal musculature directly behind the 

gill arch and operculum. 

2 . The spleen, kidney and gonads were removed, minced into small 

cubes and placed in hypotonic solution for 20 to 30 minutes . Hypotonic 

solutions used were 0 .075 M KC1 and 1Y Na Citrate . The distilled water 

treatment did got work effectively . 

3 . The tissues were fixed in SOy acetic acid for 5 to 30 minutes 

and squashed . 

4 . The cover glass was removed by the Conger-Fairchild dry ice 

method and the slide passed through 1001, ice cold ethanol and air dried . 

5 . Slides-mere stained in Giemsa . 

This technique proved to be satisfactory with countable chromosome 

spreads . The major problem was obtaining a high enough number of divid-

ing cells for analysis . The gill epithelium provided a much higher mito-

tic index and better chromosome spreads . The technique used was a modi-

fication of the Lieppman and Hubbs (1969) and McPhail and Jones (1966) 

techniques for freshwater fish. Protocol was as follows : 

1 . 0 .2 ml of 0 .25% colchicine was injected into the dorsal muscu- 

lature directly behind the gill arch and operculum one to three hours 

prior to sacrificing the animal . The animals were kept in well aerated 

water . 

2, the gill arches were removed, washed in physiological saline 



amount of, material, 
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M KC1 hypotonic solution as well as a 1,0% Na Citrate pre-treatment for 

30 minutes proved effective . 

3 . The gills were then fixed in 507 acetic acid for 15 to 30 min- 

utes . 

4, With jeweler's forceps, the gills were removed from the fixative, 

allowed to air dry for a minute, and the tissue dabbed on the slide to 

loosen the cells onto the slide . 

5 . The cells were covered with a cover glass and the slide placed 

between filter paper and pressure applied . 

6 . The slide could be checked directly if the cells were dabbed 

onto a drop of aceto-orcein, or the slide processed through the dry ice 

method and subsequently stained with Giemsa . 

Previous techniques recommended distilled water for the hppotonic 

treatment . This treatment causes the cells to explode with loss of 

material . 

Chromosomes from scales also provided adequate material with the 

exception of dividing cells . Denton (1969, 1973) suggests that the fish 

be placed in a 0 .01% colchicine solution for five to six hours . However, 

the amount of colchicine for this treatment may be prohibitive . The 
f 

advantage of this technique is that the animal does not have to be 

sacrificed and the same fish can be used several times . A modification 

developed for this technique was as follows : 

1, Scales or fin epithelium were collected and placed in physiologi- 

cal saline . Colchicine was added to the saline to make a 0 .0251 concen- 

tration and scales and fin epithelium incubated at room temperature for 

three hours . Any dividing cells were arrested which gave an adequate 



are so varied or dependent on the animal that a general protocol was not 

available . Several studies have been published on invertebrates (Ahmed 

and Sparks, 1967, 1970 ; Longwell et al ., 1967 ; Menzel, 1965, 1968) . The 

majority of these studies have been for embryonic material where a large 

number of dividing cells can be found . In this study, adult animals were 

used and normal tissues used for chromosomal analysis . Tissues used 

were the gills, hepatopancreas, liver and/or coelomic fluid, Some of 

these were very poor for chromosomal analysis . Invertebrates used in 

this study were blue crab, squid, brown shrimp and paper scallop (Table 1) . 
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2 . The saline was carefully aspirated without disturbing the tissue 

and gently replaced with a 0 .075 M RC1 hypotonic solution . The cells 

were allowed to swell for 30 minutes at room temperature, 

3 . Fixation was accomplished by adding an equal amount of concen- 

trated acetic acid to the hypotonic solution to make the final concen- 

tration 50% . Tissues were fixed for 15 to 30 minutes . 

4 . Scales were picked with fine jeweler's forceps and the scale 

tapped on the slide to transfer epithelial cells onto the slide . The 

material was either air dried or placed in: a drop of aceto-orcein for a 

few minutes and then covered with a coverglass and squashed . 

5 . The slide could be examined immediately or made into a perma-

nent preparation by the dry ice method of Conger and Fairchild (1953) . 

This technique enables the use of the same animal repeatedly without 

requiring the sacrifice of the fish or the colchicine injection, The 

disadvantage of this technique is the low number of dividing cells found 

on the scale epithelium plus the low number of overall cells available . 

Otherwise, very good results have been obtained . 

The invertebrates did not prove as easy to work with as the verte- 

brates . Many of the techniques necessary to work with the invertebrates 



2, Gills, gonads and hepatopancreas were used for chromosomal 

Some of the techniques developed that provided adequate chromosomal 

material are as follows : 

A. Blue Crabs . 

1, 0,2 ml of 0 .25 colchicine was injected into the coelomic 

cavity . Varying times were tried ranging from 6 to-60 hours . The . 

most effective treatment time was 18 hours . 

2, The animal was-.sacrificed and gills and hepatopancreas were 

either given a hypotonic treatment or squashed directly . 

a . Tissues were given a hypotonic treatment with either 

0 .075 M KC1 or dilute (1 :10) physiological saline, for 30 minutes . Tis- 

sues were then fixed in 50% acetic acid and squashed . 

b . Tissues squashed directly were rinsed briefly and kept 

in physiological saline . The tissues were dabbed directly onto slides or 

small pieces squashed directly. A small drop of aceto-orcein was used 

as a fixative (approximately 50% acetic acid) and a stain . 

3 . Permanent slides were made using the Conger-Fairchild dry 

ice method . 

The blue crab has provided good countable chromosomal spreads, but 

the morphology of the chromosomes is not good . The chromosomes tend to 

clump or become sticky since the colchicine and hypotonic pre-treatments 

have not been fully worked out . 

B, Squid . 

1, Colchicine was injected into the mantle-coelomic cavity of 

the squid with treatment lasting from one to six hours . A one to two 

hour treatment of 0,05 ml of 0 .25% colchicine in well aerated water gave 

the best results . 
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analysis using the hypotonic treatment and direct squash procedures as in 

the blue crab . The direct squash provided the best results . The tissue 

was dabbed onto the slide and a drop of aceto-orcein added and squashed . 

3 . Slides were restained with Giemsa and made permanent by the 

dry ice method, 

C. Paper Scallop . 

1 . Paper scallops were injected with 0 .1 ml of 0 .25% colchicine 

in the area of the digestive gland-heart region . A colchicine pre-treat-

ment from one to three hours was used with good results . 

2, "Gills, mantle, gonads and digestive gland were tested for 

effectiveness in chromosomal preparation . The gills and digestive gland 

provided the best material, 

3, Direct squash and hypotonic pre-treatment were tried with 

poor results . The modification for this animal's tissues was immediate 

fixation in 50% acetic acid for 10 minutes prior to squashing . 

4, Material was dabbed onto the slide, coverglass applied and 

gentle pressure applied . 

5 . Permanent slides were stained with Giemsa . 

The above procedures incorporate the basic protocol for chromosomal 

analysis . In some, minor modifications were necessary, while in others 

wide deviation from normal procedures was necessary . 

Among the fishes, the: main modification has been in pre-treatment 

times in order to obtain analyzable material plus minor changes in the 

handling of the cells . In general, the invertebrate tissues did not 

respond to colchicine and hypotonic pre-treatment as well as vertebrate 

cells . Invertebrate cells .axe also more fragile and tend to be lost in 

handling . As a result, direct squash, or dabbing plus squash gave best 
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results . Since the tissues/cells do not respond to pre-treatments as 

well as fish cells, the chromosomes do not spread as well and tend to 

clump . Further work will be continued to establish better treatment to 

improve the handling of chromosomes of marine organisms . 
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Of the 12 stations, seven are considered to fit a model of no 
significant difference between grab samples . At the other five stations 
real differences between grab samples are indicated, 
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ABSTRACT 

In order to determine the variability of sediment textural para-
meters within grab samples, replicate subsamples were taken from each 
of three grab samples taken from Stations 1-3, all transects,during the 
wtnter,1976,cruise . An analysis of variance was used to compare intra-
grab and intergrab variations for the following parameters ; mean 
grain size ; standard deviation ; skewness ; kurtosis ; percent sand, silt 
and clay ; sand/mud ratio ; silt/clay ratio ; and percent finer than 10 .6 
phi (0) . 



data .from these samples according to model 1 will introduce unneces- 

P.?TRODUCTION 

Variation between replicate grab samples taken at a sampling 

station is large for many parameters (e .g ., infaunal abundance) . A 

question arises : do these represent only random variations in that 

parameter, or are they due to variations in a controlling factor? In 

order to answer this question, the variance of the possibly control-

ing factor must be known . The factor examined in this report is sedi-

ment texture . 

Different models of textural variability may be used to compare 

textures with other parameters they may affect . One model is that 

each grab sample has unique textural characteristics . This model 

would require that any other parameter be correlated with the texture 

of the grab sample from which it was determined . A second model could 

be that at any given sampling station, the sediment texture is uniform 

at the volume of a grab sample, but non-uniform at the smaller volume 

of a subsample . Observations of sedimentary structures in cores and 

box samples strongly support this small scale variability . If this 

model were true, better correlations between textures and other para-

meters would be obtained by using pooled estimates of textural values . 

According to this model, the estimate of the true population of grain 

sizes would improve as more samples were taken at a given .station . 

Furthermore, it would not matter if the replicates were from a single 

grab sample or from many . This model is depicted graphically in 

Figure 1 . 

BLM sampling of the Texas OCS from 1975 to 1977 was done assuming 

that model 1 is correct . If model 2 is actually the case, use of the 
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FIGURE 1 
SAILING MODEL - 

If textures at a station are uniform so that the true grain size distributions 
in all grab samples (e .g ., 1-6) are identical, then subsample groups la-6a, 
3a-3e, and f-j are equally good estimators of that population; but smaller 
scale variations (within grab samples) and laboratory analytical errors would 
make each individual grab sample analysis a less accurate estimator of that 
population . 
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parameters : mean grain size, standard deviation, skewness, kurtosis, 

percent sand, silt and clay, sand/mud ratio, silt/clay ratio, and percent 

finer than 10,6 phi (0) . This analysis was applied to three replicates 

from each grab for convenience in programming the computations . However, 

of the 36 grab samples analyzed, 29 had 5 replicates, 6 had 4 replicates, 

and 1 only had 3 . A11 the replicates were used to make further comparisons 

of mean grain size, 
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sary noise or scatter is the results . However, if it can be shown 

that model 2 is more accurate for some stations, the use of pooled 

estimates of the true sediment textures will enhance the analysis of 

benthic parameters measured at those stations . 

Even where sediment texture for a given grab sample is better 

estimated by a single analysis of subsample from that grab, correla-

tion with other parameters may be put into better perspective by know-

tng the range of variability of textures that a single analysis may 

represent . 

METHODS 

In order to determine the variability within grab samples, 

replicate subsamples were taken from each of the three grab samples 

taken during the winter 1976 cruise . These were analyzed by the same 

rapid sediment analyzer and pipette methods used for all other BLM 

samples . 

An analysis of variance was used to compare intragrab and intergrab 

variations for three grab samples from Stations 1-3 on each of the four 

transects sampled seasonally . The analysis was applied to the following 



that analysis at all stations should use pooled estimates, some consi-

derable differences (of Z 0 or more) suggested that further investiga-

tion of the significance of these differences should be made . It was 

reasoned that if model 2 were the case, true variability of mean grain 

size could be estimated two wags : I) as the standard deviation of 

means of all subsamples taken at a station, and 2) as the average of 

intragrab standard deviations (calculated from 3 to 5 replicates) . If 

no intergrab variability existed, these estimates should be identical . 

A plot of these averages (Figure 2) shows that the values approach 

each other for many, but not all stations . 

For stations 2/I, 3/I, 1/II, 3/II, 1/III, 3/III, and 1/IV the 

standard deviations are essentially the same (see Table 1 columns 1 

and 2) . A further examination of possible differences was done by 

RESULTS AND DISCUSSION 

The analysis of variance tests the hypothesis that based on the varia-

bility within grab samples, there is no evidence of variability between 

grab samples .. At 9 of the 12 stations tested, this hypothesis is accepted 

at least at the ;95% confidence level . At Station 1/I the hypothesis is 

rejected for skewness at 95% and for kurtosis-at 99% confidence . At Sta-

tion 2/II it is rejected for kurtosis at 95% and for the silt/clay ratio 

at 99% confidence . At Station 2/IV the hypothesis is rejected for standard 

deviation, percent sand, and sand/mud ratio at 957 confidence . Thus, this 

analysis suggests that for Stations 2/I, 3/I, 1/II, 3/II, 1/111, .2/111, 

3/III, 1/IV and 3/IV any correlation with a textural parameter should be 

made with a pooled estimate from all grab samples . 

Although the analysis of variance of mean grain sizes indicated 
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TABLE 1 

STANDARD DEVIATIONS OF 2M&N GRAIN SIZE 

station grab 1 2 3 station grab 1 2 3 

1/I 1 .21 1/III 1 .28 
2 .69 2 .62 
3 .20 3 .58 

.70 .37 .86 .50 .49 .46 

2/1 1 .44 2/111 1 .34 -
2 .34 2 .14 
3 .59 3 .33 

` .45 .46 .87 .42 .27 .40 

3/1 1 .22 3/III 1 .23 
2 .18 2 .19 
3 .19 3 .14 

.19 .20 .09 .19 .19 .16 

1/11 1 .87 1/ID 1 .26 
2 .38 2 .24 
3 .49 3 .33 

.60 .58 .64 .29 .28 .18 

2/11 1 .24 2/IV 1 .42 
2 .42 2 .32 
3 .10 3 .52 

.47 .25 .51 .50 .42 .33 

3/II 1 .18 3/IV 1 .36 
2 .13 2 .45 
3 .24 3 .31 

.17 .18 . .11 .41 .37 .47 
r 

Column 1 . Standard deviations of all subsamples from grabs 1-3 . 

Column 2 . Standard deviations of replicates within each grab sample 
and averages of these three values . 

Column 3 . Standard deviations of one subsample from each of seven 
grab samples taken at each station . 
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dard deviation estimates were greater than 0 .2 0, and means differed 

by from 0 .6 to 1 .2 ~ . These differences were significant well beyond 

the 99% confidence limit . 

So far only three of the seven grab samples taken at each station 

have been considered . Standard deviations between mean grain sizes deter-

mined from one subsample from each of the seven grab samples should 

be an equally good estimator of station standard deviation if model 2 

is true (Figure 1) . These values are tabulated in Table 1 (Column 3), 

plotted in Figure 2 (open squares), and an indication of their support 
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applying a t test to the hypothesis that the mean grain sizes of the 

groups of replicates from the grab samples were the same (Table 2) . 

At all of the above stations except 1/ID, there was no evidence for a 

rejection of this hypothesis at the 95e confidence level . At 1/IV the 

t tests are somewhat equivocal in that they reject the similarity 

hypothesis at between 90 and 95% confidence . 

At station 3/IV the difference in standard deviations was only 

0 .04 0, but grab 2 was about 2 0 coarser than the two other grab sam-

ples . In this case the t test hypothesis was rejected at the 

moderately high confidence level of 95% . 

At station 2/IV the difference between standard deviation esti- 

mates was 0 .08 0 and, again, grab 2 was coarser than the others by 

about 12 0 . In this case, t tests show greater than 97 .5% confidence 

that the mean grain sizes are not the same in all grabs . 

At Station 2/III the difference in standard deviation estimates 

was 0 .15, and t tests showed differences between means at greater than 

997 confidence . 

At the two remaining stations (1/I and 2/II) differences in stan- 



DIFFERENCES IN MEAN GRAIN SIZE 

Confidence Level 
of Significant Data 

Grab Difference Fits 
Station Samples t Low High yodel 

1/1 1-2 3 .76 >99 .5 .. 
2-3 .32 <75 1 
3-1 8 .50 >99 .95 

2/1 1-2 1 .16 4 >90<9 
2-3 .77 <90 2 
3-1 .16 <60 

3/1 1-2 .24 <60 
2-3 .24 z 2 
3-1 .87 <SQ 

1/I1 1-2 .24 <60 
2-3 1.20 <90 1 
3-1 .98 <90~ 

2/11 1-2 3 .53 >99 
2-3 1 .26 <90 1 
3-1 3 .72 >99 .5 

3/11 1-2 .44 <75 
2-3 1 .24 <90 2 
3-1 .73 <90 

1/112 1-2 .22 <60 
2-3 .70 <71 2 
3-1 .60 <75 

2/111 1-2 4 .26 >99 .5 
2-3 .50 <75 2 
3-1 2.41 >99 

3/III 1-2 .13 <60 
2-3 1.16 <90 2 
3-1 .86 <90 

1/1V 1-2 1.49 >~,90<95 
2-3 .28 <75 2 
3-1 1.45 790<95 

2/1V 1-2 2 .39 >97 .5 
2-3 2 .47 E>97 .5 2 
3-1 .34 <75 

3/ID 1-2 1 .20 
<902-3 2 .03 >95 1 

3-1 .04 <60 

*Underlines indicate significance suggested by varia-
bility of seven grab samples with one analysis each . 
Arrows show suggested change is interpretation . 
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Of the 12 stations where intragrab sample variance was compared to 

intergrab sample variance seven (2/I, 3/I, 3/II, 1/III, 3/III, 1/IV, and 

2/IV) are considered to fit a model of no significant difference between 

grab samples . Textural data from these stations would be better compared 

with other benthic parameters by using pooled values from all grab samples . 

At the other five stations (1/I, 1/II, 2/II, 2/III and 3/IV) real differences 

or nonsupport of previous significant differences is given in Table 2 (by 

underlining and arrows) . Of the seven stations that seem to fit model 2 

according to the analysis of variance, comparison of standard deviations, 

and t tests, six still fit that model according to the additional data 

from grabs four through seven . 

The equivocal t tests at Station 1/IV are apparently not significant . 

However, at Station 1/II, the difference between intra- and intergrab star-

dard deviations is increased by 0 .04 0 by considering the additional grab 

samples and .is increased farther by considering the spring and fall samples . 

Thus grabs from this station probably have real differences and should be 

considered to fit model 1 . 

At the three stations (1/I, 2/II and 3/III) already apparently con- 

forming to model 1 (at > 99% confidence) significant differences between 

grab samples are clearly supported by data from grabs you=- .through~ .seven . 

At Station 2/IV the additional evidence from all seasonal samples reduces 

the intergrab variance to equal or less than the intragrab variance and 

thus suggests that the station fits model 2 . Finally, at Station 3/IV 

where t tests suggest at least one intergrab difference significant at 

more than 95% confidence, the additional samples support real intergrab 

differences and indicate that model 1 is appropriate . 

CONCLUSIONS 



r 

between grab samples are indicated, and textural data should be compared 

on a grab by grab basis . 

If there were no real variations between any station subsamples, all 

variation in textural data would come from analytical error . Therefore, 

the minimum observed variance is the maximum experimental error . From 

this it can be concluded that standard deviations of mean grain size due to 

experimental errors are less than 0 .2 0 . 



Steve Macko 

CHAPTER ELEVEN 

AN INTENSIVE STUDY OF THE HEAVY HYDROCARBONS 
IN THE SUSPENDED PARTICULATE MATTER OF SEAWATER 

Principal Investigator : 

Patrick L . Parker 

Associate Investigator : 



Pulycyclic aromatic compounds were found in benzene eluates of each 
sample . Among the compounds identified were : alkyl naphthalenes, phenan-
threnes and dibenzothiophenes . Fluoranthene and pyrene were also found . 
A petroleum origin for the aromatics is likely . 

11-G 

ABSTRACT 

Samples of particulate matter taken at three stations along Transect 
II were analyzed by GC and GC/MS/Data System. Total particulate hydro-
carbon concentrations were found to decrease with distance offshore . The 
concentration of higher molecular weight hydrocarbons (C28 - C3o) however, 
regained relatively constant . Such a distribution could be explained 
by production/introduction of hydrocarbons inshore with subsequent move-
ment offshore . Preferential retention of higher molecular weight hydro-
carbons during weathering could account for their more uniform concentra-
tion . 



METHODS 

Sampling 

methanol :hexane mixture (1 :1 vol .) for three hours . This extract was 

INTRODUCTION 

This study was undertaken to investigate sore closely, the heavy 

hydrocarbon fraction of particulate matter suspended in the water column 

overlying the South Texas Outer Continental Shelf . The main purposes 

of the study were to identify further the components of the hydrocarbon 

fraction and to seek information regarding the source of the material . 

Previous studies have indicated higher concentrations of hydrocarbons 

in particulate matter of inshore stations but these materials were 

still exceedingly low in concentrations which made identification and 

quantification difficult . 

Three stations were established (Figure 1) for the study : two pre- 

viously monitored stations of the BLM-STOCS study area (Stations 1 and 

3, Transect II ; and a third station (Station A, Transect II) half-way 

between shore and Station 1 . At each station 100 gallons (390 liters) 

of subsurface seawater were collected and-immediately filtered . The 

filters were then frozen until analysis in the laboratory . Each "fil-

ter" consisted of a Millipore glass fiber 2 .7 um prefilter and a Milli-

pore glass fiber .5 um filter . The filters were washed with chloroform, 

methanol and hexane before use in the Millipore stainless steel filter 

apparatus . 

Analytical 

The filters were placed in a flask and allowed to reflex in a 
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Figure 1 . Station Locations along Transect II . 



clearly established in all of the stations (Tables 1-3) . Total hydro-

carbon concentrations decreased with distance offshore . In general, 

concentrations of individual n-alkanes varied from .O1 ug/Q to .2 ug/2 

seawater . In almost all cases a clear decrease is each of the normal 

alkanes can be seen (Figure 2) with distance offshore . Concentrations 

of the lower weight compounds (1600-2000) decreased between Stations AfII 

and 1/II while higher weight compounds (2500-2800) tended to stay.-more 

"constant in the inshore.stations :and~decline_.at Station VII . ,The, 

Tiighest.weight compounds-(2900 and above) were nearly constant at all 

stations, at a low level ( .02 4g/Q).. 

decanted off and replaced with chloroform for another two hours . The 

extracts were combined and concentrated in a Kuderna-danish apparatus 

under reduced pressure . The concentrate was fractionated by column 

chromatography bn a twin bed micro-column of silica gel overlain with 

alumina (volume ratio 2 :1) . The column was eluted with hexane, followed 

by benzene, then methanol . Because of poor separation in the benzene 

eluate this fraction was re-chromatographed on a one centimeter diameter 

column using the same bed ratio . The eluates were placed in a hood and 

allowed to evaporate to near dryness, at which time the volumes were 

adjusted to 100 uQ . Analysis of the concentrates was by gas chromato- 

graphy using a 0 .32 cm (1/8 in .) by 183 cm (6 ft .) stainless steel 

column of 5% FFAP on Gas Chrom Q 80/I00 mesh . 

No total lipid weight was taken for either the hexane or the ben- 

zene fraction since loss of volatiles occurs in samples taken to dryness . 

RESULTS 

Hexane F.luate 

A suite of normal alkanes along with pristane and phytane was 



HYDROCARBON ANALYSIS FROM STATION A/II : HEXANE ELUATE 

16 .00 

16 .70 

17 .00 

17 .80 

18 .00 

19 .00 

20 .00 

21 .00 

22 .00 

23 .00 

24 .00 

25 .00 

26 .00 

27 .00 

28 .00 

29 .00 

30 .00 r 

1 .91 TOTAL 

11-V 

TABLE 1 

Retention Index uS/t 

.08416667 

.02319002 

.06710163 

.06665742 

.08033619 

.13136097 

.15627582 

.19143122 

.19353954 

.20014981 

.19660663 

.16080310 

.13853007 

.09488266 

.08223306 

.01931188 



Retention Index jig/2, 

TOTAL 1 .46 

TABLE 2 

HYDROCARBON ANALYSIS FROM STATION 1/II : HEXANE ELUATE 

16 .00 ' .06781422 

16 .70 .01783814 

17 .00 .05719077 

17 .80 .04908906 

18 .00 .03947384 

19 .00 .05508538 

20 .00 .06892846 

21 .00 .10552931 

22 .00 .14023399 

23 .00 .15898554 

24 .00 .17730477 

25 .00 .16420670 

26 .00 .13823249 

27 .00 .09844748 

28 .00 .07705358 

29 .00 .02457029 

30 .00 .02136738 



16 .00 .04854914 

16 .70 .01528983 

17 .00 .07392924 

17 .80 .05494314 

18 .00 .04236468 

TOTAL 1 .02 

11-8 

TABLE 3 

HYDROCARBON ANALYSIS FROM STATION 3/II : HEXANE ELUATE 

Retention Index ug/k 

19 .00 .03915189 

20 .00 .03776490 

21 .00 :.05702923 

22 .00 .07705920 

23 .00 .07824026 

24 .00 .10956185 

25 .:00 .10803500 

26 .00 .09314170 

27 .00 .07587807 

28 .00 .05339330 

29 .00 .03202036 

30 .00 .02639500 
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Figure 2 . Concentration of Normal and Isoprenoid Hydrocarbons at 
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and C-18 fatty acids were identified in each sample . 

11-11 

Pristane/phytane ratios (Table 4) varied only slightly among the 

stations, and the OEP curves were almost identical for the three sta- 

tions, with values near unity (Tables S-7, Figures 3-5) . A typical gas 

chromatogram of a hexane eluate is shown in Figure 6 . 

Benzene Eluate 

Analyses of benzene eluates were hampered by the presence of alkanes 

which had-not been completely removed with hexaYie . The retention index 

and concentration of each major component other than n-alkanes are given 

in Table 8 . In addition to these major components, which appear to be 

natural marine hydrocarbons, each sample was found to contain detectable 

quantities of polycyclic aromatic compounds . A list of these aromatics 

and their relative concentration in each sample is given in Table 9 . 

The notation "probable" in Table 9 indicates the presence of significant 

counts of ions with m/e equal to that of the molecular ion of a given 

aromatic compound at the proper retention time (scan number) for the 

occurrence of that compound . Data of this nature were obtained by gen-

eration of mass chromatograms such as Figures 7-10 . Compounds for which 

both a recognizable mass spectrum and a positive mass chromatogram were 

obtained, were termed "trace" compounds in Table 9 . Examples of mass 

spectral data are given in Figures 11 and 12 . 

Methanol Eluate 

No quantitative data for individual compounds in this fraction were 

obtained . Atypical methanol fraction is shown in Figure 13, and Table 10 

gives the total dry weight of each sample . Methyl esters of C-14, C-16 
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TABLE 4 

PRISTANE/PIiYTANE RATIOS 

Stations A/II 1/II 3/II 

PR/17 .3456 .3117 .2068 
PR/PH - .3479 .3632 .2783 
PH/18 .8298 1.243 1.297 



ODD/EVEN PREFERENCE DATA, STATION A/II 

No . of Carbons 

4.624 

3 .687 
4.414 

7 .218 
8.586 

10 .518 

10 .634 

10 .997 

10 .802 

8 .835 

7 .612 

5 .213 

4 .518 

1 .280 

1 .061 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

5 .207 

6 .845 

8 .594 

9 .888 

10 .78 

10 .692 

10 .149 

8 .930 

7 .324 

5 .620 

3 .860 

1 .099 

1 .106 

1 .066 

1 .058 

1 .034 

.995 

.955 

.940 

.921 

.853 

.726 

11-1J 

TABLE 5 

Percent Relative 
Weight 

Percent Smooth 
Weight 

OEP Value 



16 4 .863 

17 4 .102 

18 - 2 .831 3 .687 

19 3 .950 4 .154 

20 4 .943 5 .539 

21 7 .568 7 .547 

22 10 .057 9 .617 

23 11 .402 11 .178 

24 12 .716 11 .811 

25 11 .776 11 .227 

26 9 .914 9 .567 
27 7 .060 7 .353 
28 5 .526 4 .993 

29 1 .782 

30 1 .532 
f 

1 .202 

1 .138 

1 .083 

1 .013 

.973 

.963 

.963 

.985 

.969 

.905 

.791 
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TABLE 6 

ODD/EVEN PREFERENCE DATA, STATION 1/II 

No . of Carbons Percent Relative Percent Smooth 
Weight Weight 

OEP Value 



ODD/EVEN PREFERENCE DATA, STATION 3/II 

OEP Value 

1 .328 

1 .142 

1 .112 

1 .001 

.888 

.850 

.900 

.990 

1 .019 

1 .016 

.981 

No . of Carbons 

5 .242 

4 .504 

4 .796 

6 .031 

7 .552 

9 .062 

10 .319 

10 .585 

9 .563 

7 .752 

5 .718 

23 

24 

25 

26 

27 

28 

29 

30 

TABLE 7 

16 

17 
18 " 

19 

20 

21 

22 

Percent Relative 
Weight 

5 .096 

7 .761 

4 .447 

4 .110 

3 .964 

5 .992 

8 .089 

8 .214 

11 .502 

11 .342 

9 .779 

7 .965 

5 .605 

3 .362 

2 .771 

Percent Smooth 
Weight 
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Figure 3! . Plot of Relative Percent and Odd/Even Preference of n-alkanea at Station A/II . 

C 
n 

Il 
I-- r 
U 
a 

w 
C 

--------------- -------------------------- 





3-II r 

N 
O O ~ 
N 

U -- 
o 

W r' 
J 
W -J 
CC o 

W W 
z C-21 o 

s 

t 
z 

° l0 20 30 40 '-' l0 20 30 40 
CRRBON NUMBER CARBON NUMBER 

Figure 6 . Plot of Relative Percent and Odd/ Even Prefe rence of n-alkanes at Station 3/I I . 

i 
a 



uS;.F'~t-15 250 HRDCPY NO , 
3SCHLE 100 REZERO YES 
VASE 26134* 6 

F 
F 

F 

a so too 150 8ee 250 

Figure 6 . Reconstructed Chromatogram ,of the Hexane Eluate, Station 3/II . 
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MAJOR COMPONENTS OF BENZENE ELUATES OTHER THAN n-ALKANES* 

Station A/II 

N .D . 

.105 

N .D . 

.121 

.071 

.246 

N .D . 

Station 1/II 

.074, 

.103 

N .D . 

.031 

.022 

N .D . 

N .D . 

Station 3/II 

.100 

.098 

.145 

.033 

.060 

.082 

:010 

Retention Index 

1861 

1949 

2071 

2149 

2242 

2365 

2453 

*Concentration is ug/!C 
N .D .-not detected 

11-4u 

TABLE 8 



TABLE 9 

POLYCYCLIC AROMATIC COMPOUNDS PRESENT IN THE BENZENE ELUATES 

Molecular STATIONS 
Weight A/II 1/II 3/II 

156 N .D . P P 

. 170 N .D . P T 

184 N .D . P T 

198 N .D . T T 

212 N .D . T T 

178 P P P 

192 P T T 

206 P T T 

220 P P P 

202 P T P 

r 

N .D . = not detected 
P =probably present as indicated by mass chromatogram 
T =trace quantities present indicated by mass chromatogram and 

mass spectrum 

Compound 

C2-Naphthalenes 

C3-Naphthalenes 

C4-Naphthalenes, 
Dibenzothiophene 

CS-Naphthalenes, 
Methyl Dibenzothiophenes 

C2-Dibenzothiophenes 

Phenanthrene, 
Anthracene 

Methylphenanthrenes, 
Methylanthracenes 

C2-Phenanthrenes, 
C2-Anthracenes 

C3-Phenanthrenes, 
C3-Anthracenes 

Fluoranthene, 
Pyrene 
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Figure 7 . Mass Chromatogram of m/e = 192, Methylphenanthrenes, Station 1/II . 
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Figure 8 . Mass Chromatogram of m/e = 206, C2-Phenanthrenes, Station 1/II . 
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Figure 9 . Mass Chromatogram of m/e = 198, C5-Pdaphthalenes (1) and rlethyldibenzothiophenes (2), 
Station 1/II . 
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MASSES 198, 0, ~0, 0 
*SCANS 255 HRDCPY NO 
5:5CALE 200 REZERO YES 
BASE 10974*a%K* .0 
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Figure 10 . Mass Chromatogram of m/e = 202, Fluoranthene (1) and Pyrene (2), Station 3/II . 
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Figure 11 . Mass Spectrum of Scan #173 with Scan #176 Subtracted as Background, Spectrum Indicates : 
Methylphenanthrene, MW=192, Station 1/II 
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Figure 12 . Mass Spectrum of Scan 4185 with Scan #194 Subtracted as Background, Spectrum Indicates 
Dimethylphenanthrene, MW=206, Station 1/II . 
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TABLE 10 

METHANOL ELUATE DRY WEIGHTS 

Stations Weight mg/Q 

A/II .02237 g .057 

1/II .01305 g .033 

3/II .00846 g .022 



be explained if one assumes production/introductior. of hydrocarbons inshore 

and subsequent movement offshore . Preferential retention of heavy hydro- 

tidal cycles is well documented . 

SUMMARY 

The data from this mini-study has confirmed and extended previous 

data obtained on smaller samples during regular BIM studies . The decrease 

in total particulate hydrocarbons offshore was confirmed and an interes-

ting pattern of more or less constant concentration of higher molecular 

weight (C28 - C3o) hydrocarbons was observed . Such a distribution could 

carbons during weathering would explain their more uniform concentration . 

The detection of polycyclic aromatic compounds in the benzene 

eluates was a first for the STOCS seawater studies . Concentrations of 

these compounds were less than that required for quantification yet suf-

ficient for unequivocal mass spectra in :snme samples . A petroleum ori-

gin for these aromatics is suggested . The concentrations of polycyclics 

appeared to be highest at Station 1/II and lowest at Station A/II . These 

results do not favor Corpus Christi Bay - Port Aransas as a major source . 

This possibility cannot, however, be ruled out on the basis of only three 

samples since variation between water masses on the shelf resulting from 
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CHAPTER TWELVE 

FATE OF PETROLEUM-DERIVED AROMATIC COMPOUNDS IN SEAWATER 
HELD IN OUTDOOR TANKS 

Principal Investigator : 



Results showed that the concentration of petroleum derived alkanes 
was approximately ten times greater in particulate fractions . Aromatics 
were generally at least five times more concentrated in dissolved fractions . 
Aromatic compounds were partioned between dissolved and particulate frac-
tions with parent and mono-methyl compounds enriched in dissolved fractions 
while more highly methylated compounds were enriched in particulate fractions . 

1Z-Z 

ABSTRACT 

Two simulated oil spills (300 and 100 PPM) were conducted in 7000 k 
outdoor tanks . A mixture of aromatic compounds was added to a tank in a 
third experiment . Dissolved and particulate fractions of seawater were 
analyzed by gas chromatography and combined gas-chromatography-mass spec-
trometry . 



Sao identical circular fiberglass tanks (3 m diameter, 1 .1 m deep) 

were used for the study . The tanks (7000 R, capacity) were fully exposed 

to natural sunlight and wind conditions . A cylinder (1 m diameter, 30 cm 

1L-J 

INTRODUCTION 

When a crude oil is spilled or discharged into the marine environment 

a portion of that oil is dissolved and another portion is adsorbed onto 

the particulate matter present . The subsequent fate of these petroleum 

derived compounds in the sea is not well known . Biodegradation, evapora-

tion and photochemical reaction are the most often mentioned processes 

which alter or remove petroleum compounds from'the water column . The rates 

at which different classes of compounds are removed vary greatly . Identi-

fication of classes of petroleum compounds which have relatively long 

residence times in the water column could be an important step in detec-

tion of low-level chronic petroleum pollution as might be expected in BLM 

lease areas. While the division of organic matter in seawater into dis-

solved or particulate fractions is simply an operational definition, 

enrichment of petroleum compounds in either fraction could aid in their 

detection in BLM OCS studies . Such information is necessary to the under-

standing of the potential impact of oil spills in the oceans . 

Objectives to this study were 1) to identify components of crude 

oil (or degradation products thereof) which enter the water column from 

an oil slick weathered under "natural" conditions in an outdoor tank ; 

2) to filter water collected from the experimental tank and determine 

which petroleum-derived compounds are associated with particulate matter 

and which compounds are "dissolved" ; and 3) to observe changes in concen-

tration of dissolved and particulate petroleum-derived compounds with time . 

MATERIALS AND METHODS 



Quantitative gas chromatography analyses were carried out on a PERKIN- 

12-4 

deep) was constructed from galvanized sheet metal and suspended from a 

wooden frame over the experimental tank (Figure 1) . The cylinder was 

submerged to one half of its depth (15 cm) and maintained at that depth 

by adjusting the length of the suspension lines (Figure 1,D) . Tanks were 

filled with seawater from the laboratory's seawater and allowed to stand 

at least ten days before the experiments were begun . 

Samples were taken on days 1, 2, 3, 4 and on or about days 7 and 12 . 

Additional samples were taken weekly . Control samples were taken weekly 

from a control tank which had been filled at the same time as the experi- 

mental tank . Two spills of an Alaskan crude oil were conducted . Spill I 

and Spill II had oil-seawater ratios of 300 ppm and 100 ppm (volume :volume) 

respectively . Another experiment was carried out by adding a mixture of 

aromatic compounds to one of the tanks . 

Water samples (40 Q) were obtained from the tanks about 35 cm below 

the surface at a point equidistant from the outside wall of the tank and 

the cylinder containing crude oil . Samples were obtained by siphon through 

a 1 .5 cm-outside diameter (0 .D .) copper pipe suspended over the tank . The 

pipe remained in place at all times with the lower end outside the tank 

sealed between samplings by a rubber stopper covered with Teflon film . 

Samples were filtered immediately after collection through glass fiber 

filters (Millipore AP152935) . 

Methodology used in sample preparation was identical to that described 

in the STOCS benchmark studies (1976) except that an additional fraction 

was eluted from silica gel with methanol . The methanol fraction was con-

centrated and analyzed by the same methods used for hexane and benzene 

fractions . 
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Key : A,B-Wooden framework 
C-Galvanized sheet metal cylinder 
D-Adjustable length lines 
E-Copper pipe siphon 
F-Crude oil within cylinder 

Figure 1 . Diagram of Experimental Tank . 



A 125-250 mg amount of each compound was weighed out and dissolved in 

12-6 

ELMER 900 chromatography interfaced to a HEWLETT-PACKARD 3352B data system . 

Columns packed with SI FFAP on 60/80 Gas Chrom Q (0 .3 cm x 1 .8 m) were used 

for quantitation and a similar column was used in the gas chromatography-

mass spectrometer for peak identification . Temperature was programmed from 

80-270°C at 6°/minute . A VARIAN 2700 gas chramatograph, DUPONT 21-491 

mass spectrometer and DUPONT 21-094B data system comprised the GC/MS/DS 

employed for this study . 

Spill I was begun October 18, 1977 by addition of 2 .1 k of an Alaskan 

crude oil to the cylindrical enclosure . This volume of oil was calculated 

to have produced a slick with an average thickness of about 2 .8 mm within 

the enclosure . The Alaskan crude oil used in this study was selected pri- 

warily because it was available in sufficient quantity and some limited 

analyses of its composition had been completed . Experimental results 

obtained with this oil would not be expected to differ greatly from results 

obtained with a typical Gulf Coast crude . The tank contained about 7000 Q 

of seawater with a salinity of 28 .4 ppt . Air and water temperature were 

30° and 26°, respectively . 

Spill II was begun by addition of 675 mls of Alaskan crude to about 

650 Q of seawater . This volume produced a slick with an average thickness 

of about 0 .9 mm . The water temperature and salinity were 21°C and 31 .2 ppt . 

The aromatic compounds experiment was conducted as follows . The mixture 

of aromatics composed of thirteen compounds which had previously been iden-

tified as water soluble components of crude or fuels oils, was prepared . 

The compounds were chosen to be : 1) representative of various classes of 

compounds ; 2) readily separated by gas chromatography ; and 3) easily iden-

tified by mass spectrometry . Components of the mixture in their order of 

elution by gas chromatography on FFAP can be found in Table 1 . 



* Figure 16 shows a gas chromatogram of the mixture with peaks identified 
as indicated above . 

TABLE 1 

COMPONENTS OF THE AROMATIC MIXTURE 
PREPARED AND ADDED TO THE EXPERIMENTAL TANK 

Figure 16 Identifier* Compound 

o-toluidine 

2-methylnaphthalene 

2,6-dimethylnaphthalene 

2,4-dimethylphenol 

2,3,6-trimethylnaphthalene 

F fluorene 

G indole 

H 1-metliylfluorene 

I dibenzothiophene 

J phenanthrene 

K 1-methylphenanthrene 

L fluoranthene 

M pyr ene 

P dioctyl phthalate 
(not added to mixture, derived from 
fiberglass tank) 



Table 2 . Day 1 and 2 samples contained very low levels of alkanes which 
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1.0 Q of isopropyl alcohol . This mixture was slowly added to the pond 

(6000 Q) through 0.3 cm stainless steel tubing which was continually moved 

throughout the water column . After addition the pond water was gently 

stirred with a wooden paddle for a few minutes . The temperature and 

salinity of the water were 21°C and 30 .8 pp t . 

Between each experiment both fiberglass tanks were drained and cleaned . 

The walls and bottom were scrubbed with a stiff bristle broom which has 

been dipped in a detergent (ALCONOR) . The tanks were then rinsed with 

copious amounts of seawater prior to refilling for the next experiment . 

During the first week, after Spill I, air temperature remained rather 

warm and water temperatures rose to 28°C during the afternoon. Water temp-

erature dropped to a low of about 24°C at night during this period . Temp-

eratures cooled considerably the second and third week with the lowest 

afternoon temperature, 14°C, recorded on day 23 . Winds were generally light 

for the first four to five days averaging 10-12 miles per hour . A heavy 

rain, which lasted several hours on the morning of day 3, proved to have 

a significant influence on hydrocarbon concentration in the water . Rain 

fell with sufficient force to splash oil as high as the wooden support over 

the tank which held the sheet metal cylinder . A small amount of oil did 

splash over the cylinder . Most of this oil, however, was stranded on the 

sides of the tank above normal water level by wave action during high wind 

associated with the storm . The increase in volume due to addition of rain- 

water was less than two percent . 

RESULTS AND DISCUSSION 

Spill I 

Dissolved Hexane Fraction 

Results of analyses of dissolved hexane eluates are presented in 



ND = not detected 
T = trace 

" 1L-7 

TABLE 2 

CONCENTRATION OF DISSOLVED n-ALKANES AND ISOPRENOID HYDROCARBONS 
DURING SPILL I, ug/Q 

RETENTION 
INDEX Day 0 Day 1 Day 2 Day 3 Day 4 

1670 T ND ND .006 .015 

1700 .003 .004 .004 .006 .017 

1782 ND ND ND .008 .014 

1800 .002 T T .016 .019 

1900 I .002 T .002 .026 .040 

2000 T ND ND .023 .030 

2100 .004 .002 .004 .027 .035 

2200 .002 T T .018 .022 

2300 .003 .002 .002 .031 .032 

2400 T ND ND .016 .023 

2500 T .002 T .017 .019 

2600 ND ND ND .015 .016 

2700 T T ND .015 .016 

2800 ND ND ND .004 .007 

2900 .002 .003 .003 .007 .011 

3000 T ND ND T .003 

Total .018 .013 .015 .235 .319 



RETENTION 
INDEX Day 7 Day 13 Day 20 Day 27 

1670 .001 .005 .003 T 

1700 .008 .003 .001 ND 

1782 .008 .005 .003 T 

1800 .012 .003 .002 ND 

1900 - .015 .008 .006 .002 

2000 . .013 .006 .004 .003 

2100 .020 .014 .010 .003 

2200 .011 .007 .008 " .003 

2300 .020 .016 .013 .004 

2400 .011 .010 .008 .003 

2500 .012 .012 .010 .004 

2600 .010 .011 .009 .003 

2700 .008 .008 .008 .002 

2800 .005 .003 .004 .001 

2900 .005 .005 .002 .001 

3000 .006 .004 ND ND 

Total .175 .120 .091 .029 
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TABLE 2 CONT .'D 



with the others reaching a maximum by day 7. Highest absolute concentra-

tions (1 ug/Q) were attained by substituted naphthalenes . The amount of 

naphthalenes present in the water even at their highest concentration 

represented only a small fraction of the amount of naphthalenes originally 

present in the added oil . Table 3 indicated the concentration of methyl-

naphthalenes on day 3 was 1 .91 ug/Q (0 .88 + 1.03) . The 7000 R of seawater 

contained about 13 .4 mg of methylnapMthalenes (7000 Q + 1 .91 Jig/Z) . Pre-

vious work in our laboratory found the concentration of methylnaphthalenes 

in the Alaskan crude oil to be 1.4 mg/ml (Batterton et aZ ., 1978) or about 

2 .94 g for the 2 .1 Q of oil added . Therefore, the water contained less 

than 0.5% of the methylnaphthalenes originally present in the added oil 
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were odd carbon number and apparently biogenic in origin . The significant 

increase in alkanes on day 3 suggested their addition as a result of the 

heavy rain previously mentioned . An odd carbon preference was still pre-

sent, however, in day 3 and 4 samples when oil derived alkanes were present 

at maximum concentration . Alkanes containing odd numbered carbon atoms 

between Cly and C23 were generally the most abundant in all samples taken 

during Spill I . 

Dissolved Benzene Fraction 

The identification and concentration of major components of the dis-

solved benzene fraction are reported in Table 3 . A gas chromatogram of a 

sample analyzed on packed columns used for quantitative analysis is shown 

in Figure 2 . Representative GC/MS data used for identification given in 

Table 3 are shown in Figures 3 through 6. Analysis of the same sample on 

a glass capillary column (20 m SP1000), yielded the chromatogram shown in 

Figure 7. Concentration data for each component of Table 3 was normalized 

to the highest concentration found for that component . 

More soluble compounds reached their maximum concentration on day 3 



Day 1 Gonc, ug/Q .16 .18 .22 .05 .14 
(Normalized) ( .30) ( .21) ( .21) ( .13) ( .11) 

Day 2 .27 .31 .42 .11 .26 
( .52) ( .35) ( .41) ( .27) ( .20) 

Day 3 .52 .88 1 .03 .40 1 .27 
(1 .0) (1 .0) (1 .0) (1 .0) (1 .0) 

Day 4 .35 .61 .72 .28 .92 
( .67) ( .70) ( .70) ( .70) ( .72) 

Day 7 .02 .19 .24 .19 .56 
( .04) ( .21) ( .23) ( .47) ( .44) 

Day 13 .11 .24 .30 .17 .15 
( .22) ( .27) ( .29) ( .41) ( .40) 

Day 20 

Day 27 .05 .07 .09 .03 - 
( .09) ( .07) ( .08) ( .07) - 

N 
I 

N 

TABLE 3 

CONCENTRATION OF DISSOLVED AROMATICS DURING SPILL :I 

Figure 2 Identifier A B C D E 

Mayor Component Naphthalene 2-Methyl 1-Methyl C2-Naphthalene C2-Naphthalene 
Naphthalene Naphthalene 

Secondary Component Biphenyl 



TABLE 3 CONT .'D 

Figure 2 Identifier F G H I J 

Major Component C2-Naphthalene C3-Naphthalene C3-Naphthalene ' C3=Naphthalene C3-Naphthalene 

Secondary Component Cs-Naphthalene Methyl-Biphenyl 

Day 1 Conc . ug/Q .04 .O1 .11 .25 .04 
(Normalized) ( .08) ( .05) ( .26) ( .59) ( .08) 

Day 2 .11 .05 .13 - - 
( .23) ( .21) ( .30) - - 

i 
Day 3 .48 .24 .41 .42 .22 w 

(1 .0) (1 .0) (1 .0) (1 .0) ( .44) 

Day 4 .35 .18 .30 .32 .49 
( .73) ( .73) ( .73) ( .78) (1 .0) 

Day 7 .24 .16 .28 .42 .15 
( .50) ( .65) ( .67) (1 .0) ( .31) 

Day 13 .19 .10 .16 .28 .10 
( .39) ( .43) ( .39) ( .67) ( .20) 

Day 20 - - - - - 

Day 27 .03 .01 .03 .06 .01 
( .07) ( .05) ( .07) ( .14) ( .02) 



Figure 2 Identifier K L M N 0 P 

Mayor Component C3-Naphthalene Methyl C3-Naphthalene F1uArene C2-Biphenyl Methyl 
Biphenyl Fluorene 

Secondary Component Cg-Biphenyl 

H 
r 
F 
1 

., TABLE 3 CONT .'D 

Day 1 Conc . ug/R .003 .O1 .003 .O1 - - 
(Normalized) ( .03) ( .07) ( .03) ( .07) - - 

Day 2 .O1 .O1 .005 .O1 - .001 
( .09) ( .10) ( .05) ( .08) - ( .0l) 

Day 3 .11 .10 .O5 .16 .11 .03 
( .92) ( .80) ( .53) (1 .0) ( .90) ( .40) 

Day 4 .12 .10 .04 .11 .07 .05 
( .97) ( .80) ( .42) ( .70) . ( .56) ( .64) 

Day 7 .12 .12 .10 .12 .13 .08 
(1 .0) (1 .0) (1 .0) ( .77) (1 .0) (1 .0) 

Day 13 .07 .09 .06 .09 .08 .06 
( .60) ( .70) ( .60) ( .55) ( .60) ( .73) 

Day 20 - - - .O1 .O1 - 
- - ( .07) ( .07) - 

Day 27 - .O1 .O1 .02 .02 .002 
- ( .11) ( .09) ( .14) ( .15) ( .03) 



TABLE 3 CONT .'D 

Figure 2 Identifier Q R S T U V 

Major Component Methyl C2-Fluorene Dibenzo- Phenanthrene' Methyl Methyl 
Fluorene thiophene Dibenzo- Dibenzo-

thiophene thiophene 
Secondary Component 

Day 1 Conc . ug/!C .O1 - .005 .0l - - 
(Normalized) ( .03) - ( .03) ( .05) - - 

Day 2 .O1 .004 .O1 .02 - .004 
( .04) ( .03) ( .06) ( .08) - ( .04) 

F 
Day 3 .23 .07 .13 .22 .08 .05 

(1 .0) ( .47) ( .75) (1 .0) ( .77) ( .44) 

Day 4 .12 .07 .17 .20 .07 .06 
( .52) ( .47) (1 .0) ( .92) ( .67) ' ( .57) 

Day 7 .17 .14 .15 .20 .10 .10 
(.73) (1 .0) ( .87) ( .90) (1 .0) (1 .0) 

Day 13 .10 .07 .12 .12 .O5 .05 
(.43) ( .49) ( .68) ( .55) ( .49) ( .45) 

Day 20 .02 .006 .02 .03 .02 .02 
(.08) ( .OS) ( .13) ( .15) ( .17) ( .17) 

Day 27 .02 .015 .04 .04 .02 .O1 
(.09) ( .10) ( .21) ( .19) ( .17) ( .12) 



TABLE 3 CONT .'D 

Figure 2 Identifier W X 

Mayor Component Methyl Methyl 
Phenanthrene Phenanthrene 

Secondary Component CZ-Dibenzo- 
thiophene 

Z 

C2-Phenanthrene C"2-Phenanthrene 

Day 1 Conc . ug/k - .004 - 
(Normalized) - ( .02) 

Day 2 .002 .004 .002 
( .09) ( .02) ( .O1) 

Day 3 .18 .21 .12 
( .86) ( .85) ( .70) 

Day 4 .15 .17 .09 
( .72) ( .69) ( .53) 

Day 7 .21 .24 .17 
(1 .0) (1 .0) (1 .0) 

Day 13 .11 .19 .08 
( .55) ( .79) ( .47) 

Day 20 .04 .05 .04 
( .2O) x .21) ( . 

Day 27 , .04 .05 .03 
( .21) ( .19) ( .18) 

.004 
( .03) 

.12 
( .80) 

.09 
( .64) 

.14 
(1 .0) 

.09 
( .60) 

.04 
( .28) 

.09 
( .59) 

r 
N i 
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Spill I, Day 3, Benzene Fraction, Dissolved 
Masses 192 

r 
1 

50 Sao 158 

Figure 4 . Mass Chromatograms From Spill I, Day 3, Dissolved Fraction, 
Benzene Eluate . Mass Chromatogram of m/e=184, Dibenzothio-
phene (above),m/e=192, methylphenanthrenes (below) . Scan 
Numbers in Figs . 3 and 4 are the same . 

Spill I, Day 3, Benzene Fraction, Dissolved 
Masses 184 

`' so lee use 
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--Spill I, Day 3, Benzene Fraction, Dissolved 
Scan 75 
BKGRND 72 

50 lee 158 Zee 

Figure 5 . Mass Spectra From Spill I, Day 3, Dissolved Fraction, Ben-
zene Eluate . Mass Spectrum of Scan 75 (Component N), Fluor-
ene (above) ; Scan 106 (Component S), Dibenzothiophene, 
(below) . 

Spill 1, Day 3, Benzene Fraction, Dissolved 
Scan 106 
BKGRND 103 

58 iee ise ase am 
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so lee use zee ago 

Figure 6 . Mass Spectra From Spill I, Day 3, Dissolved Fraction, 
Benzene Eluate . Mass Spectrum of Scan 112 (Component T) 
Phenanthrene (above) ; Scan 136 (Component Y), Dimethyl- 
phenanthrene (below) . 
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Figure 7 . Gas Chromatogram of Spill I, Day 3, Dissolved, Benzene 
Eluate on a 20 m SP1000 Glass Capillary Column . For 
Peak Identification see Table 3 . 
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and phytane found in particulate samples are given in Tables 5 through 15 . 

The data indicated an increase in n-alkanes in the particulate fraction 

from U.,D2 ug/Q on day 2 to more than 3 ug/R on day 3 . The composition of 

particulate hydrocarbon in the water was also drastically altered between 

12-23 

(0 .0134 g/2 .94 g) on day 3 . Two major factors in this low percentage 

were the non-turbulent mixing conditions of the experiment and a high 

evaporation rate of naphtha.lenes from oil and water . 

Normalized concentrations of several representative compounds have 

been plotted in Figure 8 . Naphthalene and dimethylnaphthalene, respectively, 

reached 52 and 23% of their maximum concentration on day 2 . Phenanthrene 

and dibenzothiophene had only reached 8 and 6% maximum concentration by 

day 2 . The concentration of naphthalenes, however, also decreased more 

rapidly than the three ring compounds . By day 27 naphthalenes were present 

at about 10'/ of their maximum concentration while dibenzothiophene and 

phenanthrene were present at about 20% . Absolute concentrations of all 

four compounds, however, were similar (Table 3) . 

Dissolved Methanol Fraction 

A representative chromatogram of dissolved methanol fractions is 

illustrated in Figure 9 . Identification and concentration range of some 

of the compounds in Figure 9 are presented in Table 4. GC/MS data which 

support these identifications are shown in Figures 9 and 10 . Acetophenone, 

,x- methyl benzyl alcohol and most of the phthalates are derived from resin 

material used in the manufacture of the fiberglass tanks and were also seen 

in the control tank . Several unidentified biogenic compounds were found 

in the samples . 

Particulate Hexane Fraction 

The concentration and relative weight percent of n-alkanes, pristane 
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Q 
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O Q 
D 

Figure 8 . Concentration of Various Compounds,-Spill I, Dissolved 
Fraction, Benzene Eluate. Concentrations Expressed as 
Percent of Maximum Value Attained by Each Compound . 
A=Naphthalene, F=C2-Naphthalene, S=Dibenzothiophene, 
T=Phenantfirene . 
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Figure 9. Total Ion Chromatogram of Spill I, Day 3, Dissolved Frac- 
tion, Methanol Eluate (above) . Mass Spectrum of Scan 11, 
(Component A) Acetophenone (below) . 
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TABLE .4 

IDENTIFICATION AND CONCENTRATION RANGE OF MAJOR COMPONENTS 
IN DISSOLVED METHANOL FRACTIONS, SPILL I 

Figure 9 
Identifier Compound Concentration Range (ug/k) 

I Acetophenone 0 .3 - 0 .8 

II a-methylbenzyl alcohol ~ 0 .3 - 0 .8 

` III Unknown biogenic, MW = 286 0 .0 - 1 .2 

IV Unknown biogenic, MW = 286 0 .0 - 1 .0 

V Dioctyl phthalate 0 .7 - 24 .6 
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Figure 10 . Mass Spectra from Spill I, Day 3, Dissolved Fraction, 
Methanol Eluate . Mass Spectrum of Scan 38 (Component B), 
--Methyl Benzyl Alcohol (above) ; Scan 163 (Component C) 
(below ) . 
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r-~ExanrE ELUarE 
------------- 

t h5~ .~~5y1A 7 .24 
t 7 ? h , %+ 4160 5 . 1 '1 
t772 .~~46 HC, 5 .74 

K7ua 1~~ .71 
.06/16-i 7 .02 

? 1 y~A , ~~u29~ 5 .26 

23 j~,c+u5u~1 5 .56 
~U ) .t 3 .32 

?h =~'A , .:3,:,4 r 3 .73 
~ 7, .,a , r` ;) 111, w 3,a2 

.~'183a 2 .214 

.125+321 3 .1b 

.s'3Q6 0 4 .88 
3 t .~ .~3Qz1 u,91 

4 i4 9rM 5,511 
331 ~ .0426o 5 .22 

TI Ta 1" .`~159a 



R ETi: aTIr'~N CON C EN TP nTION, RtLATI-VE 4T, 
I :'.')EX ( ItG, /l . ) PERCENT 

--------- --------- --------- 

TCiTaL 1?,~10 s ;) a 

1 G-.] J . 

TAi;LF 12 

,+F-oVY HY14O(;ARRnm ANALYSIS - STOCS - 1077 
PARTICULATE 

SA ":3Lc TYaF : r~4T 
~a .aL F C~3 ?F : Ez?7, Experimental Day 27 PERIOD : titI'VI-STf? 
Lr1C~aTII-l's : ST4TTG'~ - 1 LI^iE -I 

HEXANE EI.UQTE I 
------------- 

t~a~ uu7r4 1 .63 
1 ~hc3 . 1 ua0 0 9 . 11 
1 7 "~± , 14500 5,29 
1772 . 12 6 :~(0 4 .5 9 

. 1 q61,10 7 .15 
,P 15910 7 .F u 

~i :~%+ .17u~~ 6 .35 
. 1 F~~+ .~Y~ 6 .56 

~3 .^ h . 16 30 ia 5,4u 
?u~? .~ ,1u30 P 5 .21 

.2luca0 u,3A 
. 125017; 4 .56 

~7 :aA q2410 3 .37 
R,-1 :h , ~75A~A 2 .74 

.U711~1 2 .59 
3 . 1 6A,IU 6 .13 
31 i? .23900 8 .72 

-A , t 2Z~~?1 4 .49 

TO t AL 2 . 7422,-h 



NEx4vE ELUaTE 

1L-jb 

TnhLE 13 

~+c ~'vY 14Y'?GOCARAON ArInLYSIS - STQCS - 197 
PARTICULATE 

S4*~P~,E TYPE -'AT 
54~OLc Cl)!)E : Cp .A7~ Control Pond Day 7 PFpIpU ; MjNI-STD 
L~~CnTi ;?~i : STaTIQ1 - 1 LTINE -I 

ETE~~~rI?~v CONCENTRATION RELATrVE ~`T . 
IA'OFz (UG ./L .) PERCENT 

--------- -------- --------- 

ihbd ,P3r?IAU 2 .L'4 
2 7 7~1 -i , (A u 6 9 .0 2 .52 
177? .05080 2 .73 
i~~~~ ,091u0 u,91 
1 'a 14 A .127,2191 6 .82 
2A .11500 6 .18 

,iPUV!o 5 .59 
2~n~ .106091 5 .69 
?3") ~) , 0o91130 5 .36 
2u2;j , .A q130 u,90 
P 5f=-i .V-8 r+ 6a u .76 
Gb ,0 quS'a 5 .-38 
7 .A- .̂ .v07uq~4 u .02 

2Q 1'5 .LA5170 2 .78 
?94 .A .08130 4,37 
3~ "~~ .13900 7 .47 
3t-~ :~ ,1qR~~7 ia .6u 

. 174091 9 .35 
33~~ .A8920 u .79 

TgT4L 1 .Ahlu0 



PFTF~TiO1y CONiCENTRATTON RELATIVE NT . 
T vOEk ( UG, /L . ) PERCENT 

--------- -------- --------- 

1T" L 0 . !~ YIVi0 11 1 

12-37 

TabLF 14 

,4P4vY NY7ROCAPFON 4INaLYS'IS - STOCS " 1877 
PARTICULATE 

~a "Pi-E TYKE : ~iaT 
Say-FEE C~,)E : CP1u, Control Pond Day 14 PERIOD : `~I~vI-STD 
~~:~CaTI'3'j : STATION- - I LINE -I 

NFrAr;E ELUD.TF 
------------- 

r"A337 2 .9u t 5~8 . 
17n ,AO 4 7 9 4 .17 
1772 . 0 w 517_ 4 ,u7 
13'v . .AA78? 6 .83 
ty ~_i ,A0743 6 .49 

1 . :'1 OA 1 3 7 .1 0 
411 7, 

2 ?^A ,~1rA 70 9 .34 
?31A ,4'2872 7 .61 
?a~n ;a57Z u,99 
P 5 .~ ^ .0Y+SuG1 4 .71 

3Ae 3 .37 
2 / ;'C' 7 !a M 611 
?- 9 .~ .~ ,fLA b21 S .j ? 

","? R00 7 .51 
31 ,, .., ,UtO 7AU b .,qu 

3? � ; ,0 v`1173 14 . 1 3 

T :7TA L , t 154 



" !7- 1E " T I0 ~~~~~,CF~~ITpaTinN RELATIVE NT . 
z ~~~~x (Or, .iL .) oFRCEi\j T 

r 

tc-~a 

TAHLE 15 

-4F :ivY HYpatICn4 .;() ;\, ANALYSIS - 9T',-ICS - 1977 
PARTICULATE 

5A ~PLc TYPE -;AT 
Control Pond Day 28 PERIOD : MINT-STS 

i_ ;ra,Tl~-?~ , 5TnTTON - 1 L.V :F_ -I 

H F_X4N F FLUA FE 
------------- 

l7 ivi , ath82u 7 .21 
1 .15 l 7~ ) . -3 1 h1 G' 

17 .1 .1 ~ ;f,;1555 'l .8 !3 
,,n.v+5u9 u .R2 
" 0 S 7 j 5 ./11 

? 3~r ,r~1 52 7 4 .63 
?a-~~ .~~~%`3,3 3 3 .37 

~7 ,')v132 9 2 .89 

T~1 T .1 L ,11378 



particulate sample . This sample was found to contain the largest amount 

of aromatics . Although no peaks were apparent in the reconstructed total 

ion chromatogram, use of mass chromatograms indicated the presence and 

relative amounts of substituted naphthalenes, phenanthrenes and dibenzo- 

1L-37 

days 2 and 3 . Presumably these data reflected addition of small particles 

of crude oil as a result of the heavy rainfall . 

Samples from days 7 and 14 apparently showed some biogenic hydrocarbon 

input at C13 and C33 superimposed on a background of petrogenic hydrocar-

bons . Samples on days 7, 14, 20 and 27 exhibited concentrations of pris-

tape which were similar or greater than n-C17 . Pristane and phytane values 

are identified in Tables 5 through 26 by retention index of 1668 and 1772, 

respectively . Phytane/n-C18 ratios were also greater than that of the 

crude oil added . Preferential microbial biodegradation of straight chain 

hydrocarbons was suspected as being responsible for enrichment of the 

isoprenoids . 

Particulate Benzene Fraction 

Retention times and concentrations of major components in the benzene 

fraction of Spill I samples are given in Tables 16 through 26 . These 

tables also include data on components of the hexane fraction not reported 

in Tables 5 through 15 . Compounds in the benzene fraction reported in 

Tables 16 through 26 all appeared to be biogenic hydrocarbons according 

to mass spectral data . The concentration of petroleum derived aromatics 

was too low to be measured by electronic integrators . Aromatic compounds 
r 

were however detected by the GS/MS/DS technique of searching each scan 

for ions with m/e equal to the molecular ion of certain aromatic compounds 

(i .e . mass chromatograms) . 

Figures 11 and 12 demonstrate this technique as applied to the day 7 



1 ar3lE 16 

HF_aVY HYDROt'tiPZs0~! AN~! ANALYSIS - STOCS - 1977 
PARTICULATE 

ia -1PLF TYPE : ^44T 
3a'-'oLF (-,JOE ' ExA-', Experimental Day 0 PERIOD " MiNI-STS 
L')CATi )+ : 7TaTI9^, - 1 LIVE -I 

HExAraE ELUATE 03E~qZENF_ FLUATF 

171 ,0 152V. 1795 .21,21573 
~,1 ., .%;221 2153 .A 614 6 0 
2-'34 .01360 2172 .248'?0 

,0a5 2 4 Saab .0 114A 
,10 :4416 3167 . .02521 

3 ^,j . 90527 3216 . 04520 
?Q .:' .003?a 3296 .210920 
3 ~5~> .a1230 
315A . 910Woo 
334 h .?'S39~^, 

r~TAL .1237? TOTAL W793el 

12-40 

4 FTE ~TiOti CONCENTRATION kETEN TIC~ CONCENTRATION 
IvuEX (UG,/L .) ItiOEY (IJG ./L .) 

---- ------ --------- 



TQRLE 17 

rEavY HY')Rt)CARR()N ANALYSIS - ST'.)CS - 1977 
PARTICULATE 

Sa-'?LE TYPE vAT 
S~=''l.~ CODE : FX0Z, Experimental Day 2 PERIOD ; MINI-STD 
LOC A TI')^-j : STAT1nr~ ~ - 1 LINE -I 

^'EXA'aE ELuATE HENZENE EIUATE 
------------- -------------- 

.02150 1A61 .30807 
~~o 14 rA 2 2160 . 0 1140 

,c1014 88 32174 ,9141060 
.0+d2 1i 3175 , .A 9906 
,00uol 3371 .03000 
.v)181Ej 

,!05R89 TOTAL .11A33 

t 

IL-41 

qFTF_%vTION 
j ,;1) FX 

17!`~Aw 
1 7 5 ", 

1 "? 

3 1 ~ >i 

T'1T4L 

CONCENTRATION RETENTroi,4 CONCENTRATION 
(uc; .iL .) INDEX (uG .iL .) 



TQaLt 18 

-±FaJY HYDQOCa :~'30~~t ANALYSIS - ST(?CS - 1977 
PARTICULATE 

Sq-raLF TYPE : -NAT 
Sa~DLF ronE : EX13, Experimental Day 3 PERIOD : MINI-STD 
L-')t;ATI7'~~ : STATION - 1 LINE -I 

HEXANE ELUATE REAZEVE ELIaaTE 
--------------------------- -------------- 

CONCENTRATION 
(UG ./L .) 

.0050 8 

.ate514 

.a3y70 

PETE yTI(.)N 
I 'If) EX 

1901 
2tbA 
325 

,0901a 
1(~qil(1 

.'^1+~9~A 

.162~~! 
,~529a 
. 128Al 
.215v~ ;If 
. 0879c' 
,t053 
.236-1o 
. 1 660 (A 

17 7A 
.2330 A 
?1Ui17-A 

.~!3hl0 

.2?u-' .7 

.%'35K0 
,~7~1~v~ 
.165 00 

. 1 4 A i~ %~ 

7 F 0 
.1 6? .~P 
.~l~+u'! 
.~3A 10 
. 1 u5vivi 
.O1u9o 
. V2150 
. a ,-) 2U ;i 

1 123 
15"1 a 
t553 

167_2 
t~b~ 
17"x .% 
1755 
177? 
1~~= 
l~s5u 
1iA 3 

19A ., 
l9'11 
1U~5 

-~33 
7 .~U9 

2t 31, 
C f '~ '-

?~5t 
~3 .1L) 
? ;23 
2152 
2a~~j 
2u3o 
?u53 
~5" :.' 

i2-42 

CON CEiiTQ ATION 
(l1G ./L .) 

KETENTYOU 
INDEX 



TOTAL r0 T sL 4 .134 1 0 .21u62g 

12-43 

TA8LE 18 

?5i 3 189 V. 
,I I 1 350G! 

7h7j 

7~ ~ . 1~5~1a 

2 L? 11 -A l60 1 .l 
3 S 00 

r} r1 1360 :a 
~1 , .__ 5 3] ~au5~~~ 

32~'~ . 1 v5 :~a 
33~,j~=+ .v+9Q6~ 
3572 .003qr,", 

(CONTINUED) 



"txa~\jE ELuA rE gE^!ZENE ELUATE 

T1T,AL 2 .%1R?_27 TOTAL .68!59 

I2-44 

TA9LE 19 

-iE4vY NYDMQCQu?Or. ANALYSIS - STOCS - tQ77 
PARTICULATE 

St1rPLE TYPE . 'JA T 
;;a'sPLE COOE ; F_xA%1, Experimental Day 4 PERIOD : MINI-STS 
Li.1C~TI l-j~j : STATI0f, - I LINE -I 

~rr.FTE ATIO~,j CO^ICENTPnTIUN PETE~)Tro~4 CONCENTRATION 
I~.~Ex (LIG,/l .) INDEX (UG ./L .) 

l 6,-)4 .17961 1996 . X11 1 ;?~l 
1 ol~ 050 10 211? .~1251 
1 oh~3 , 1~4 42 %i ?15g .171g0 
1 7 ~~j . 1 2 .9(40 ;? 20 a . 040391 
t 7S3 .,A 3u70 2350i 'o 2 1000 
1772 ,~47550 2483 .9115+3 .1 
1 A A !i , 15000 2723 .01 110 
t ~s5~ ,09440 2756 .0,3825 
1o% ~ .14700 28914 .03g221 
1941 .,~19 57 295~a .0 278~A 

~zaWa ;? 8 93 . 01373A 
.131A 0 30 0 6 .0 14QA 

?t3~ ,v) 0 1,u5 3153 .Ir753 
?-~r9 .~1730- 33A 5 ,174 72+ 
~ .3 1 .'n~ ;i;2 
J t .'j 1 ~ 1 1 1 00 

?t 33 .0210U 
. I 17rr1 

»> ." ,a50 u 
3 ~ h . 11100 

:. 
o? 3 

, 0 .., 1 r?1,4 14 
? .Ay53'a 
a X52 .~'2~)_a. 
2 5,, ; ; ,s7Ll u %j 

. :-A 22LA`j 
a7 .j ~ , N54q~a 

., 

~~ 15 0 u52 
n n ,G^u51G'1 

~6520 
3 t ~ .." . ~374 
3 1 ` 1 . !^ 1 3 
32-^,_ .~-~153n 
3?-. . .>'1q]~' 



3G"QI_F_ C ;:?~jE ; Ek~j7, Experimental Day 7 PERIOD ; MINI-STD 
LOC?TT^'\j : STaTIOt~; - 1 LINE -I 

HEXANE ELUQTE 9ENZE"dF EQUATE 
------------- --------------

QFTE4TIG"j CONCE~~!TRATION RETENT10N CONCENTRATION 
INnFX (UG ./L,) INDEX (UG ./L .) 

15,a~ .01380 
16 _J ~ .0771 'v1 
1619 ,NUq21? 
1 661± . 15211,10 
17o A ,luaUo~ 
1753 .078Q0 
1772 . 12500 
1 ~~=? . 1 74~~+ 
1 X56 

.1Q2~;)Vl 
i`'=31 ,~~4710 
lQti ; ,~au170 

ii V10 
2 ~3i4 ,au37(4 
? d q 
2 1 J .; .175~10 
?131 .~'15qo 
>? .) ,1 . 1 

a592~~Q ,Y~3o1 a 
. 175010 

?327 , .~157a 
~3~~ , ;~3h40 

? 6 1 :7 
?u31 , :1881' 
~a51 ,A?770 
?S ?'~ . 15~ri o 
?9,21 .01250 
%75~ . ~'31qH 

.-~ . 179A w 
W 3750 

1L-4J 

TaaLE 20 

-iF_AvY HY~)HOCARa~,"f A,vALYSIS - STOCS - 1977 
PARTICULATE 

Sn~~~PLE TYPE : ~+AT 



0 .00000 TOTAL TO LaL 4,2h120 

12-46 

TALE 20 

?7mA .157a1 
2A . 1 ~Afic~ 
?A76 . 03390 
2 Q3". . 13600 
3A .~,) .1?9(-o 
3^5Z .052ua 
31A .1 .246~AP 
31 b5 .v) 76t~a 
3 .23eH0 
33 :x? .37600 

(CONfINl1ED) 



r ;,) F : Exla, Experimental Day 14 PERIOD : MINI-STD 
LQCATI ~~~! : 5TaTTJ'~ - 1 LINE -I 

HEXANE ELU4TE BENZENE ELUATE 
------------- --------------

.:~ETENTiO% CO'qCENTRQTION RETE'NITION CONCENTRATION 
T ' : .,)EX (UG,/L, ) INDEX (UG ./L .) 

1b13 .N292"1 
1 hb3 . 06760 
17-eA ,0 uJR ?_'o 
175 ) 
1.77? , ~636? 

006770 
1~3h .V, 1401 
157 .0,3330 
1~3~ ,094zA 
t ~°~r~ .~?661~1 
143 .00!712 
2 ~,!n ,dh8u7 

30 3 0 
?i~vi .CA h150 
?t3u ,~~?c .q~~~ 

?~76qP 
2 35~! .01170 

Cl ;! : ; , L R'~ fi :l 

?u3d ,~%525 
?u51 .~'~296 

') '"^ '~ , U f+ ~ ~ 'vi 

1550 
;?7 112 v~ .3 
?_ 70? . ~~?7b 

,0615.a 
76 .A 162h 

2?, ;, ,aP7q0 
3 A ., 01 , 17 1 V,11 
3 .:4 
3 1 ' ~ 2 3 ? 
31 f37 .'"Ru0 0 
3?'~} .16400 
33 .237c,c1 

T'r 3 13 1 1 A . 0100 A AL 

TaRLE 21 

-4taVY HYDKr7C~4R-+ON 4ti?LYSIS - STOCS - 1977 
PARTICULATE 

j4-aLF TYPE ; +:AT 



,+z-XQNE ELUaTE BENZENE ELUATE 

T~iTuL 1 .3uQiP TOTAL .1555 

11-46 

T4PLE 22 

4';-'4vY HYDRfICaRqnA! 4NALrSIS - STOCS - 1977 
PARTICULATE 

'ilk"-?LE TYPE : SQT 
S~"Pl.E r-JOt : EX?A, Experimental Day 20 PERIOD : MINI-STD 
LOCATIJ~v : STarIO~v - I LINE -1 

KIT=`jTION COACENTRATIONj RETENTION CONCENTRATION 
I"1+)EX (UG,/l.,) INDEX (UG ./L .) 

---------- --------- -------- --------- 

1h19 .0121 7~A 1958 .011u~J 
16r47 .00521 2087 .02210 
lbh9 .rA5910 213~4 .0712 
1 7?~+ . 04160 2276 .02300 
1 754 002171 24811 ' .04970 
1772 ,046Ao 2615 .o115o 
19)~ .06'~QO 2657 .00642 

1A116 .1320 0 265 .007991 
,08740 2939 .00635 

1G57 ,0551- 3A39 ,01010 
?- » > ! ,06U6 .1 
?~~a ,1Pbad 
~ 1 a~ , ~+429 
~2'I' " l ,?I46vli' 
2Z5 " i .06260 
23~~,A ,0,45v0 
235, ;11160 
24-)1-4 , 03 120 
2'x52 .La3A3t? 
2Sa~3 ,02440 
2547 .00299 
26/'A .~13auU 
?556 .02720 
?7/7~4 ,0, 214 6 d 
?7b9 .417266 
??~)~n .0 183~a 
21k57 .0042 ;3 
291) 'A , G' ?.SR~a 
2949 ,G X399 
3~'fV.} . . A 34P ? 
3 ^5h , ti~27n=f 
31%'} .U392? 

33 .(?4260 
3'117 ,v' .-i91h 



~~ ~'R I_ t CO')F : EX 27, Experimental Day 27 PERIOD : MINI-STD 
LOCaT7!?`j " STATIC)P, LINE -1 

-4ExoNE ELU4TE 9EN7_F_NE ELUATE 

!?c-TF :`:TIQ+v cnI14CENTRATIJON RETENTION CONCENTRATION 
I-MOEX (VG,/L,) INDEX (UG,/L .) 

t5-~^ ,auu7a 
tnt~ uq3~? 
1 bh3 , 14 0 0 0 
17 -'~ , ~.4501' 
1751 , :i6920 
1772 . 12600 
1 0; 0 ,j . 1 96 0r3 
1~3151 .14000 

.?tSNa 
1937 ,01bS0 
195a .0 133 :'I 

~3-~ 
: '16 
oui5a 

J_ ~ 15 3 6-0, 
.17u~:) 0 

?1i~ .v+il90 
A .1F 0 0 

?2~`'" . ~j3/4 1 
p! .? 3 A ,5 . l h3c' 

2327 .01u90 
?349 .-156 

.1u3c~p 
7u~<a 35c., 
5 ., 2 

?5'^ ̂  . 1250V 
~555 , 02o2N 
C I :~ :~ 

2
0 q ;? 41 0 

757 ,c~lbua 
Yi75[A o 
-,~ 7 1 

5~a2 G71; 0 
31 ~? . Z3qra~? 

f 3 1 1 . 0 7 6 2 a 
,:s a . 12~r~G 3,:) 

3z~~ 3 7 7 

T la l. . ~ 5 13 1 :,, TOTAL 0, 00009! 

TABLE 23 

HE4'vY rYDRUCAaFON ANALYSIS - STOCS - 1977 
PARTICULATE 

Sd-PLE TY?F ; N4T 



l X03 .~'3,9 0 0 2252 .01264 
1 7`/ .~ ,04h9O 24-39 .12700 
t7 4 a ,~'u2Q~+ 25±5 .091511 
1772 ,~5~.i 8 tj 33x9 .034IA0 
l~ ) :~ ,~4t~1,.' 
185 .N88Q'1~ 
1~g3 .~'13b~" 
19~.~1 4 . 127L"! 

, ;tom 7 414 
1`57 ,pl~iali1 
~r : . . .t.150~'S

" .r??N7w 
%1 ' :' ,l~a4cic~ 
?133 .0 :~7a3 
»:;, ~ . 1 ~b~ ,1 
?~~1 2 730 

,4?GtA(" ?_ 
2351-1 ,(11 Owl 
~1 :A %. .0 Q 13N 

.~ 3 3131 
~5 `7 , ~lg~b'G 
?jj5 ,v)4F~ :! 
2 63 1 _~ .~1QUSkh 
?657 211v' 
;? 7 :~ ., ,n7cto :? 
?771 ,0117"! 
2~s~,, ,a5 I 7A 
ri75 , %~a0 u /I 

. ;!x,13 ;., 
.. .,~ . 139~s~^ 

Z ,~ .1 ~ ~1~ ; ;a 

il ,>~ ~1QR~'~? 
0 7Y' . Z 7~~ 3to3 

3? ~ ~i . 17UU' 
33 ., ~~ ,VA az~4 

i r ~.L 2, 3 ~c; 4 7 TnTQL , 17 A7a 

TABLE 24 

-+~adY hY~-~t;f'n ;~,30n ; AjALYSIS - StOCS - 177 
PARTICULATE 

'3 .1''PI.F TYPE : '74T 
S a `P 1~LE C") 0 E : CPr7, Control Day 7 PERIOD : MINI-STS 
I_i~~CI TTr?'" 2 4TATIO"! " 1 LI~,jE -I 

~rAANE FLUATE gEtiZENE ELUATE 

?FTE':TIC~'4 C ONCE+~aTRATION RE TEN TFO'l CONCENTRATION 
T~,rF_A (UG,/L . ) INDEX (UG ./L . 



T~iT ~L ,2763b TOTAL 81 .91809 

12-S1 

TaRLE 25 

-iW-4vY HYDqOCaRanN ANALYSIS - STOCS - 1977 
PARTICULATE 

54~.,01.P TYPE : NAT 
`PL F C) .)E : C°lu, Control Day 14 ?E?T00 : 'ATNI-STD 

1_~iCA TIO'4 : STATI~1^' - I LINE -1 

hF_xfl~vE F_LUqTE 3ENZENF FLUATE 

QFTr'+TIJN CO~,CENTRATION RETENT'TON CONCENTRATION 
Iv1) EX (UG,/L .) IvD EX (UG ./L .) 

--------- --------- --------- --------- 

t f, ~) A . .910 337 183 . A 0 191 
1'7 .1 J 70 u7a 1 158 .00431 
17 1 ti .0 1T .1 o 114 .02203 
1 7 12 , a0 51? 1Q64 . rA373a 

0,078? 1998 . . P332? 
18 7 ,0 u11f/I 2,124 ,0a82. A 
l 9 1 ~ , A07143 2A R5 .01938 

.9108 13 2135 .1430A 
,au!~2 ;~ 21701 .212581 
.'?~'9t1 2193 At 1513 

22 11! .(Aiq!71) 221" .11329721 
??- 51 .~~128uo 22115 .013321 
?3"' .h~972 2 2b9 .0217 
p ,;,;, a , ~0, 57? 235 . 2614091 
2u52 . :121 uA 2355 . 61901 

.a~54 a 231 .0618!1 

.r"O 3A 6 2411 .2106917 
?~S~ .11560 2u64 .aV5314 

,01,7'W 253 .03143 
?~3na .v',A621 2575 .215191?-~57 

.r+0512 26>!2 .21P9, 2 
?a ~ .± ,0085q 2641 .0168a 
3i,,; ~ .~~z~ 78u 26±5 .0134A 

.r'NU73 ?715 .00378 
?77u . a05Au 
2x29 .?11~1~ 
2942 .00y12 
2956 . rA1 2.90 
3'11 .2172! 
3~a5 A . ~91673 
3177 6Qz 
323b .?+q35A 
32~~a . u561:711 
335 7y .7'!OOa 



T~~TaL 1,?h82u TOTAL 2 .97886 

12-52 

TARLE 26 

HEAVY NYpROCAR9C~-N ANALYSIS - STOCS - 1977 
PARTICULATE 

jA~~FLr TYPE : ;:AT 
SAi ;LE C~)~)r : CP?P3, Control Day 28 PERIOD : MINI-STD 
L 0 r_4TI~}~ : STATION - t LINE -I 

HEXANE cLUQTF BENZENE ELUATE 

~cTEvTIO": CO,vCEtvTRATION RETENTiON CONCENTRATION 
INDEX (UG ./L .) INDEX (UG ./l .) 

-------- --------- 

t ~113 . ~3~4 20 179 , au54 3 
t7 A ~ :~-3 24 1849 .02531 
19 1 '' .0 1611 1~399 ,00409 
l Hub , 19 .1 c~'~ 2a0 2 .3180a 
1 .010555 252 ' .04790 
2 0 :hA ,a V. 9 u9 X072 .4 181A 

. 191b4~0 2105 .024u0 
21 4A .00570 2127 0910647 
22" .00412 2142 .43527 
? ?5o , 12400 220 9 1 .2 1000 
23~^ 3 . ,',* V, 527 2233 . 157091 
?351 ,E~~%31i2+3 2262 .?2g071 
?u~' " .P 0 3~33 2312 .01164 :1 
2453 ,07650 235 .06370 
25-~1 2 . !A5620 2416 . 06501 
2549 .LACA763 2439 .u619121 
?55-+ .050 701 2492 .M930 
?7r~~~ ,00329 2550 ,A 191621 
2745 ,V0484 2624 .00531 
2a5i .92730 2655 .3164a 
2a2 .1 .0 54 9,1 2827 . 0 3 31 ̀4 
i .^I:15 .0319r1 261 .00579 
31 114 ,~A v67'n 3A 56 .01299333 

,05960 3157 .32100 
323 .?~115d 
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:PILL 1 DAY 7, PART . BENZENE 

sSCWi_ 200 HRDCFxl NO . .*SC ALE: 101 RSZERO YES 
BASE 120'357~'c~ 0 

f 
l r 

-1 1 7-7`-r,_ 
d 50 100 150 2S0 

.-'PILL 1 DAY 7, PART. BENZENE 

I'b377ES I7$, 8, 0, 0 
s ::~.P.nA: 200 HFZDcrxt no 
":5r.`HLE 100 RE28R0 YES 
BASE ass*a= 0 

so 100 ise 200 

Figure 11 . Total Ion Chromatogram of Spill I, Day 7, Particulate 
Fraction, Benzene Eluate (above) . Mass Chromatogram 
of m/e=178, Phenanthrene (below) . 
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'_-?SLL 1 DAY ?, PART . BENZENE 

f4;SSES 192, 0. 0 , 0 
x:'CPVtS 200 HFZDCPSt NO 
:.54-'ALE 100 REZMRO YES 
5H5= 40 

I 

I '17 17`7 
50 100 250 200 

?ILL 1 DAY 7, PART. BENZENE 

MASSES 206. 9, 0. 0 
sSC:rl-9 200 NRDCPY NO 
!-SCALE 1W REZER0 YES 
BASE 478X2*Z 0 

r 

. 

-.r-r-r-, L 

a se i0¢ ISO Zee 

Figure 12 . Mass Chromatograms from Spill I, Day 7, Particulate 
Fraction Benzene Eluate . Chromatogram of m/e=192, 
Methylphenanthrene (above) ; m/e=206, Dimethylphenanthrene 

t (below) . 



thiophenes . The relative proportions of parent compound, methyl-, and 

dimethyl- and tri.methyl- substituted compounds were quite different to 

that seen in the dissolved fraction . Parent and methyl substituted com-

pounds are the more prominant in water solubles, while in particulates 

di- and tri- substituted compounds are dominant . Day 3, 4 and 14 parti-

culate benzene samples also contained aromatics in similar relative 

proportions but at lower concentrations . 

Dissolved Hexane Fraction 

Results of analyses of the dissolved benzene fraction are presented 

in Table 27 . The components identified and quantified for Spill II were 

given the same identifiers, A-Z, previously used for Spill I . Selected 

data from Table 27 have also been plotted in Figure 13 . 
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Particulate Methanol Fraction 

Particulate methanol fractions were characterized by a single large 

phthalate peak and one or two much smaller peaks which were also identified 

as phthalates on the basis of their mass spectra (base peak m/e = 149) . 

Spill II 

Spill II was begun by addition of 675 mls of Alaskan crude oil to 

about 6750 R of seawater . This volume of oil produced a slick within the 

cylindrical enclosure with an average thickness of about 0.9 mm . After-

noon water temperature was 27°C the day of Spill II and rose to as high 

as 31°C . Salinity of the water was 31 .2 ppt. Water column sampling was 

terminated after a hard rain drove oil over and under the enclosure and 

into the water column on day 28 . A tarball-like sample of residual oil 

within the enclosure was taken for analysis on day 43 . Another tarball 

was sampled on day 79 . 



TABLE 27 1 

CONCENTRATION OF DISSOLVED AROMATICS DURING SPILL II 

Figure 2 Identifiers A B C D E F 

Mayor Component Naphthalene Methyl Methyl C2 C2 C 
Naphthalene Naphthalene Naphthalene Naphthalene Naphthalene 

Secondary Component Biphenyl 

Day 1 Conc . ug/k .063 .106 .118 .037 .102 .037 
(Normalized) (1 .0) (1 .0) ( .96) (51) ( .52) ( .41) 

Day 2 .008 .023 .038 .015 .045 .017 
( .13) ( .22) ( .31) ( .21) ( .23) ( .19) 

l. 
Day 3 .045 .105 .123 .072 .198 .090 c 

( .71) (1 .0) (1 .0) (1 .0) (1 .0) (1 .0) 

nay 4 .028 .076 .086 .062 ' .198 .079 
( .44) ( .72) ( .70) ( .86) ( .85) ( .88) 

Day 9 .005 .019 ,022 .021 .081 .045 
( .08) ( .18) ( .18) ( .29) ( .41) ( .50) 

Day 15 - - - - .011 - 
- - - - ( .06) - 

Day 23 



_ TABLE 27 CONT .'D 

Figure 2 Identifiers G H I J K L 

Mayor Component C2 C3 C3 C3 C3 Methyl 
Naphthalene Naphthalene Naphthalene Naphthalene Naphthalene Biphenyl 

Secondary Component C3 Methyl 
Naphthalene biphenyl 

Day 1 Conc . ug/t .013 .022 - - .016 .018 
(Normalized) (,32) - - - ( .26) ( .64) 

Day 2 .007 - - - .013 - 
( .17) - - - ( .21) - 

Day 3 .041 .059 .044 .143 .057 .020 
(1 .0) - - - ( .92) ( .71) 

Day 4 .040 .057 .048 .070 .058 .021 
( .98) - - - ( .94) ( .75) 

Day 9 .026 .065 .043 .072 .062 .028 
( .63) - - - (1 .0) (1 .0) 

Day 15 - - - - .018 - 
- - - - ( .29) - 

Day 23 



f 

TABLE 27 CONT .ll 

1-~ 
N 

I 

Figure 2 Identifiers M N 0 P Q R S 

Major Component Cy Fluorene C2 Methyl Methyl, C2 Dibenzo- 
Naphthalene Biphenyl Fluorene Fluorene Fluorene thiophene 

Secondary Component C3 
Biphenyl 

Day 1 Conc . ug/k - .008 .005 - .028 - .008 
(Normalized) - ( .17) ( .16) - ( .35) - ( .15) 

Day 2 - .016 .003 - .034 - .010 
- ( .35) ( .10) - ( .43) - ( .19) 

Day 3 .032 .038 .019 .014 .059 .027 .019 
- ( .83) ( .61) - ( .75) - ( .35) 

Day 4 .033 .042 .022 .016 .057 .015 .034 
- ( .91) ( .71) - ( .72) - ( .63) 

Day 9 .031 .046 .031 .031 .079 - .054 
- (1 .0) (1 .0) - (1 .0) - (1 .0) 

Day 15 - .009 - - .042 - .029 
- ( .20) - - ( .53) - ( .54) 

Day 23 - - - - .038 - .015 
- - - - ( .48) - ( .28) 



Figure 2 Identifiers T U V W X 

Major Components Phenan- Methyl Methyl Methyl Methyl 
threne Dibenzo- Dibenzo- Phenan- Phenan-

thiophene thiophene threne threne 
Secondary Components C2 Dibenzo- C2 Dibenzo- 

thiophene thiophene 

Day 1 Conc . Ug/k .012 - - .009 .009 
(Normalized) ( .20) - - ( .21) ( .32) 

Day 2 .015 - - .008 .010 
( .25) - - ( .19) ( .36) 

Day 3 .037 .010 .008 .017 .020 
( .62) - - ( .40) ( .71) 

Day 4 .041 .009 .005 .017 .017 
( .68) - - ( .40) ( .61) 

Day 9 .06 .015 .008 .043 .028 
(1 .0) - - (1 .0) (1 .0) 

Day 15 .032 - - .027 .018 
( .53) - - ( .63) ( .64) 

Day 23 .022 - - .020 .015 
( .37) - - ( .47) ( .54) 

Y Z 

i 

TABLE 27 CONT .'D 

C2 C2 
Phenanthrene Phenanthrene 

- .011 
- ( .37) 

.003 .003 
( .27) ( .10) 

.008 .030 
( .73) (1 .0) 

.008 .015 
( .73) ( .50) 

.011 .015 
(1 .0) ( .50) 

- .017 
- ( .57) 
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Figure 13 . Concentration of Various Compounds, Spill II, Dissolved 
Fraction, Benzene Elua.te . Concentrations Expressed as 
Percent of Maximum Value Attained by Each Compound 
A=Naphthalene, K=C3-Naphthalene, S=Dibenzothiophene, 
T=Phenanthrene . 
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a 0 

r a 
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Particulate Hexane Fractions 

The trace amounts of n-alkanes seen in a few samples were primarily 

odd carbon numbered hydrocarbons in the C18-C23 range . 

1L-Ol 

Although only a third as much oil was added for Spill II concentra-

tions of most aromatics present on day 1 were similar to those measured on 

day 1 of Spill I . The only compounds which had significantly lower con-

centrations on day 1 were naphthalene and methylnaphthalenes . Concentra-

tion of naphthalenes on day 2, Spill II, were inordinately low and assumed 

to be indicative of loss during sample preparation . 

Concentrations of fluorenes, dibenzothiophenes and phenanthrenes, 

however, were similar on day 2 for the two spills . Apparently the concen-

tration of naphthalene and the methylnaphthalenes was at a peak on day 2 

because by day 3 concentrations were similar to or less than day 1 con-

centrations . C2-naphthalenes reached their highest concentration on 

day 3 while most higher molecular weight compounds had highest concen-

trations on day 9 . 

Dissolved Methanol Fraction 

Spill II samples contained the same compounds discussed for Spill I 

except for one new phthalate derivative, dimethyl phthalate . 

Particulate Hydrocarbons 

Due to calm weather conditions during Spill II very little particulate 

matter was present in the water column . The amount of material extracted 

was so low that it was not possible to obtain reliable quantitative data . 

All samples were processed and analyzed by gas chromatography and a few 

were analyzed by GC/MS/DS . An inventory of all samples analyzed by 

GC/MS/DS is given in Table 28 . 
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TABLE 2$ 

INVENTORY OF FRACTIONS ANALYZED BY GC-MS-DS 

Experiment Day Part . Diss . Hex . Benz . MEOH 

Spill I 2 X X 
3 X X X X 
3 X X 
4 X X x X 
4 X X 
7 X X 
7 X X X 

14 X X 
14 X X 
27 X X X X 
27 X X X 

Control 7 X X X 
Control 14 X X 

Aromatic Mix 24 R X 
Aromatic Mix, Sediment 24 X X X 

Spill II 4 X X 
9 X X 

15 X X 
23 X X X 

Residual Oil 43 X 
Residual Oil 79 X 



and particulate samples are given in Table 29 . Data from these samples 
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Particulate Benzene Fractions 

GC/MS/DS analyses of the day 4, 9 and 15 samples indicated day 9 

contained the largest amounts of aromatic compounds . C2_ and C3_ substi- 

tuted compounds were present in the highest concentration . 

Particulate Methanol Fractions 

The only identifiable compounds present in the methanol fractions 

were phthalates . 

Residual Oil (Tarball) Samples, Spill II 

Hexane Fraction 

The day 43 and 79 hexane fractions gave similar chromatograms with 

n-alkanes prominent from C17 to C31 (Figure 14) . The pristane/n-C17 

ratio on day 43 and 0 .6 and near unity on day 79 . 

Benzene Fraction 

Figure 15 gives the reconstructed total ion chromatogram of the day 

43 sample . Dominant peaks were identified as substituted phenanthrenes 

and-diberrzQthiophenes . Di- and trimethylnaphthalenes were present in 

trace amounts . The day 79 samples had no discernible peaks above the 

baseline and only trace quantities of substituted phenanthrenes were 

found via the mass chromatogram technique . 

Aromatic Compounds Mixture Experiment 

Afternoon water temperature was 21°C at the start of this experiment 

and rose to 26°C by the fourth week . Salinity of the water was 30 .8 pp t . 

The first sample was taken one hour after addition of the mixture was 

begun. Figure 16 shows a chromatogram of the mixture before addition 

" and the one hour dissolved sample . Results of analyses of the dissolved 
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Figure 14. Gas Chromatogram of Spill II, Day 79, Residual Oil (Tarball) Hexane Eluate on .3 cm x 
1 .8 m FFAP Packed Column . Carbon Numbers of n-Alkanes are Indicated . Pr=Pristane, 
Ph=Phytane . 
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~:-PILL 2 RESIDUAL OIL, DAY 43, BEMENE 

lSi:An` 200 HRLCPY NO 
:.SCALE 10e RE7-ERO YES 
BASE 157w30*2Cx 1 

I 

Y 
I w 
I 
i 

v 58 100 150 200 

-?ILL 2 RESIDUAL OIL, DAY ~43, BENZENE 

"14s3ES 192, 0, 0, 0 
s SCaP!S 2Q0 HRDCPY NO 
':SCALE 100 REZERO YES 
SASE 3641~t* 0 

I 

I 
I 

1 

1 

J 58 100 150 200 

Figure 15 . Total Ion Chromatogram of Spill II, Day 43, Residual 
Oil, Benzene Eluate (above) . Mass Chromatogram of m/e= 
192, Diethylphenanthrenes (below) . 
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Figure 16 . (:as Chromatogram of the Aromatic Mixture Before Addition (Left) and Dissolved Fraction 
Extracted 1 h After Addition (Right) . For Peak Identification see Table 1 . Column : 
.3 cm x 1 .8 m FFAP, packed . 



VARIATION IN CONCENTRATION OF ADDED AROMATICS 

Dissolved Particulate Total 
ug/Q I of 1 H ug/k I of 1 H Diss/Part ug/Q I of 1 H 

Sample 

o-Toluidine 

1 H1 10 .0 98 0 .2 
0 .5 DZ 8 .7 85 -
1 D 9 .0 88 -
2_D 4 .5 44 -
4 D 3 .0 29 -
8 D 1 .4 14 -
24 D T -

2, 4-Dimethylphenol 

1 H 12 .3 100 -
0 .5 D 8 .7 71 -
1 D 9 .2 75 - 

3 .7 30 -
4 D 2 .8 23 -
8 D 0 .4 3 -
24 D - - -

Indole 

1 H 18 .6 100 -
0 .5 D 8 .9 48 -
1 D 7 .6 41 -
2 D 0 .5 3 -
4 D - - -

r 

2-Methylnaphthalene 

1 H 29 .1 92 2 .5 
0 .5 D 29 .0 92 0 .9 
1 D 28 .9 91 0 .8 
2 D 18 .3 58 0 .2 
4 D 20 .5 65 0 .2 
8 D 8 .6 27 0 .1 
24 D 0 .2 0 .6 - 

2,6-Dimethylnaphthalene 

1 H 27 .5 82 6 .0 
0 .5 D 27 .4 82 2 .3 
1 D 26 .1 78 2 .2 
2 D 16 .4 49 0 .6 
4 D 16 .9 50 0 .7 
8 D 7 .3 22 0 .3 
24 D 0 .2 0 .5 - 

18 4 .6 33 .5 100 
7 11 .9 29 .7 89 
7 11 .9 28 .3 85 
2 27 .3 17 .0 51 
2 24 .1 17 .6 52 
1 24 .3 7 .6 23 
- - 0 .2 0 .6 
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TABLE 29 

2 10 .2 100 
- 8 .7 85 
- 9 .0 88 

4 .5 44 
- 3 .0 29 
- 1 .4 14 
- T 

12 .3 100 
- 8 .7 71 
- 9 .2 75 
- 3 .7 30 
- 2 .8 23 
- 0 .4 3 

- 18 .6 100 
- 8 .9 48 
- 7 .6 41 
- 0 .5 3 

8 11 .6 31 .6 100 
3 32 .2 29 .9 95 
3 36 .1 29 .7 94 
1 91 .5 18 .5 59 
1 102 .5 20 .7 66 
0 86 8 .7 28 

- 0 .2 0 .6 



Dissolved Particulate Total 
ug/SC I of 1 H jig/R, I of 1 H Diss/Part ug/k % of 1 H 

Sample 

2,3,6-Trimethylnaphthalene 

1 H 23 .5 64 13 .4 
0 .5 D 23 .8 64 5 .4 
1 D 20 .2 55 4 .7 
2 D 12 .5 34 2 .3 
4 D 12 .2 33 2 .6 
8-D 4 .9 13 1 .1 
24 D 0 .3 0 .8 -

Fluorene 

1 H 34 .0 82 7 .5 
0 .5 D 33 .6 81 2 .7 
1 D 30 .5 73 2 .2 
2 D 20 .3 49 1 .3 
4 D 23 .3 56 1 .5 
8 D 10 .8 26 0 .9 
24 D 0 .9 2 .2 -

1-Methylfluorene 

1 H 14 .2 65 7 .6 
0 .5 D 16 .8 77 3 .4 
1 D 14 .7 67 3 .0 
2 D 10 .2 47 2 .0 
4 D 10 .5 48 2 .5 
8 D 5 .5 25 1 .1 
24 D 1 .0 4 .6 -

r 
Phenanthrene 

1 H 26 .3 65 14 .3 
0 .5 D 31 .1 77 7 .0 
1 D 27 .4 67 6 .1 
2 D 18 .5 46 4 .0 
4 D 17 .6 43 4 .8 
8 D 8 .8 22 2 .2 
24 D 1 .0 2 .5 - 

1-Methylphenanthrene 

1 H 7 .3 39 11 .6 
0 .5 D 9 .8 52 6 .0 
1 D 7 .6 40 4 .8 
2 D 5 .2 28 3 .2 
4 D 5 .0 26 3 .5 
8 D 2 .3 12 1 .6 
24 D 0 .2 1 .1 

61 0 .6 18 .9 100 
32 1 .6 15 .8 84 
25 1 .6 12 .4 65 
17 1 .6 8 .4 45 
19 1 .4 8 .5 45 
8 1 .4 3 .9 20 
- - 0 .2 1 .1 
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TABLE 29 CONT . ' D 

36 1 .8 36 .9 100 
15 4 .4 29 .2 79 
13 4 .3 24 .9 68 
6 5 :4 14 .8 40 
7 4 .7 14 .8 40 
3 4 .4 6 .0 16 
- - 0 .3 0 .8 

18 4 .5 41 .5 100 
7 12 .4 36 .3 , 88 
5 13 .9 32 .7 78 
3 15 .6 21 .6 52 
4 15 .5 24 .8 60 
2 12 .0 11 .7 28 
- - 0 .9 2 .2 

35 1 .9 21 .8 100 
16 4 .9 20 .2 93 
15 4 .9 17 .7 81 
9 5 .1 12 .2 56 

11 4 .2 13 .0 59 
5 5 .0 6 .6 30 
- - 1 .0 4 .6 

35 1 .8 40 .6 100 
17 4 .4 38 .1 94 
15 4 .5 33 .5 83 
10 4 .6 22 .5 56 
12 3 .7 22 .4 55 
5 4 .0 11 .0 27 
- - 1 .0 2 .5 



1H = hour 
2D = day 
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TABLE 29 CONT .'D 

Dissolved Particulate Total 
ug/Q 7 of 1 H ug/Q % of 1 H Diss/Part ug/Q ! of 1 H 

Sample 

Dibenzothiophene 

1 H 24 .5 70 10 .6 30 2 .3 35 .1 100 
0 .5 D 26 .0 74 5 .5 16 4 .7 31 .5 90 
1 D 23 .8 68 4 .9 14 4 .9 28 .7 82 
2 D 15 .0 43 3 .3 9 4 .5 18 .3 52 
4 D 15 .1 43 4 .1 12 3~.7 19 .2 55 
8 D 7 .6 22 2 .2 6 3 .4 9 .8 28 
24-D 0 .9 2 .6 - - - 0 .9 2 .6 

Fluoranthene 

1 H 9 .7 27 26 .8 73 0 .4 36 .5 100 
0 .5 D 15 .2 42 16 .1 44 0 .9 31 .3 86 
1 D 11 .0 30 12 .2 33 0 .9 23 .2 ' 63 
2 D 7 .3 20 9 .2 25 0 .8 16 .5 45 
4 D 6 .7 18 8 .3 23 0 .8 15 .0 41 
8 D 2 .5 7 3 .3 9 0 .8 5 .8 16 
24 D 0 .6 1 .6 - - - 0 .6 1 .6 

Pyrene 

1 H 7 .8 22 27 .6 78 0 .3 35 .4 100 
0 .5 D 7 .3 21 10 .7 30 0 .7 18 .0 51 
1 D 5 .0 14 6 .5 18 0 .8 11 .5 32 
2 D 1 .6 5 2 .2 6 0 .7 3 .8 11 
4 D 0 .5 1 0 .6 2 0 .8 1 .1 3 
8 D - - 0 .2 0 .6 - 0 .2 0 .6 
24 D - - - - - - - 



column occurred at similar rates . The data suggested retention of less 

volative di- and trimethyl compounds via reduced evaporation was offset by 

greater adsorption to particulate matter and subsequent loss of sedimenta-

tion . 
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were used to prepare the graphs of Figures 17 through 20 which show less 

of the various compounds from the water column with time . 

Addition of aromatic compounds to the tank appeared from the data 

to proceed rather well with the exception of three compounds : methylphena.n-

threne, fluoranthene and pyrene . Table 29 indicates one hour after addi-

tion that more than 60% of the methylphenanthrene and more than 70% of 

the fluoranthene and pyrene in the water column was present in the parti-

culate fraction . Apparently, these compounds were largely precipitated 

upon addition . The data indicated an increase in concentration of dissolved 

methylphenanthrene and fluoranthene between the 1 and 12 hour samples which 

suggested these compounds did redissolve to some extent . A similar phenom-

enon was suggested to a lesser degree for the following : trimethylnaphtha- 

lene, methylfluorene, dibenzothiophene, and phenanthrene . 

The data indicated a rapid disappearance of indole from the water 

column and no association with particulate matter . The pattern of change 

in concentration suggested a photolytic decomposition . Photolysis of 

indole in aqueous solutions has indeed been reported (Arce et aZ ., 1975) . 

Loss of dimethylphenol and o-toluidine was most likely attributed to auto-

oxidation by atmospheric oxygen through light catalyzed reactions . Although 

concentrations of dimethylphenol and toluidine were too low to quantify, 

trace amounts were present in the day-24 dissolved fraction and recognizable 

mass spectra were obtained for both compounds . These two compounds were not 

detected in the day-24 particulate sample . 

Loss of methyl-, dimethyl- and trimethylnaphthalene from the water 
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Figure 17 . Concentration of Various Compounds After Addition of 
Aromatic Mixture . Concentrations Expressed as Percent of 
1 Hour Value . Y = Dissolved, 0 = Dissolved + Particulate. 
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Figure 18, Concentration of Various Compounds After Addition of 
Aromatic Mixuter . Concentrations Expressed as Percent of 
1--

. 
Hour Value . X=Dissolved, O=Dissolved + Particulate . 
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Figure 19 . Concentration of Various Compounds After Addition of 
Aromatic Mixture . Concentrations Expressed as Percent of 
1 Hour-Value:: X=Dissolved, 0 = Dissolved + Particulate . 
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Figure 20 . Concentration of Various Compounds after Addition of 
Aromatic Mixture . Concentrations Expressed as Percent o 
1~Hour Value . Y=Dissolved ; O=Dissolved + Particulate . 
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of the oil and seawater which resulted in minimal incorporation of petroleum 

1G-/J 

The dissolved/particulate ratio for most compounds is reported in 

Table 20 . The ratios remained rather constant over an eight day period 

and as much as a five fold change in concentration which indicated an 

equilibrium existed between dissolved and particulate fractions . The dis-

solved/particulate ratio for trimethylnaphthalene reached a rather stable 

value of 4-5 by the 12 hour sample . Similar values were observed for 

methylfluorene, phenanthrene and dibenzothiophene . The only compounds 

which maintained dissolved/particulate ratios less than one were fluoran- 

thene and pyrene . 

Results of the aromatic mixture experiment and those of Spill I and 

II suggest that the classes of aromatic compounds most likely to be indi-

cative of petroleum pollution include : naphthalenes, fluorenes, phenan-

threnes and dibenzothiophenes . These classes of compounds were present in 

measurable quantities three to four weeks after each spill . Frankenfeld 

(1973) studied the weathering of a Venezuelan crude oil in a laboratory 

simulator and reported that the classes of aromatics present in highest 

concentration in the aqueous extract after two months were indenes, naph-

thalenes, acenaphthalenes, acenaphthenes, fluorenes and phenanthrenes . 

In each of the three experiments aromatic compounds were generally 

three to five times more concentrated in the dissolved fraction than in 

the particulate fraction . Data from each experiment suggested that aromatic 

compounds were partioned between dissolved and particulate fractions with 

parent and mono-methyl compounds enriched in dissolved fractions while 

more highly methylated compounds were enriched in particulate fractions . 

Data obtained from the three experiments described a rather limited set 

of weathering conditions imposed on a specific crude oil . The weathering 

conditions in the experimental tanks included very little turbulent mixing 



conditions employed (less than 0 .5% of the methylnaphthalenes) . 
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hydrocarbons into the water column (less than 0 .5% methylnaphthalenes 

in Spill I) . 

RECOMMENDATIONS 

In view of the limited scope of weathering conditions and crude oil 

tested in this study it is recommended that further studies be carried out 

before any management decisions are made based on these results alone . 

SUMMARY 

Data presented herein indicated the following : 

1 . The concentration of petroleum-derived n-alkanes in the water 

column was approximately ten times higher in particulate fractions than 

in dissolved fractions . 

2 . Aromatic compounds were generally at least five times more con- 

contrated in dissolved fractions than in particulates . 

3 . Aromatic compounds were partioned between dissolved and particu- 

late fractions with parent and mono-methyl compounds enriched in dis- 

solved fractions while more highly methylated compounds were enriched 
J 

in particulate fractions . 

4 . Avery small percentage of the naphthalenes originally present 

in the crude oil was found in the water column under the experimental 
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CHAPTER THIRTEEN 

DEVELOPMENT OF MINI-COMPUTER PROGRAMMING 
TO AID IN INTERPRETATION OF MASS SPECTRAL DATA 

Principal Investigator : 



The GC/MS data system includes a library of mass spectra stored on 
magnetic disc cartridge assessable through online software . In order to 
make this library more useful, programs have been written to list, 
search, and modify this library . The programs are already useful as 
an interpretative aid and future programs are contemplated to be of 
further assistance . 

13-2 

ABSTRACT 



1 Use of trade names does not constitute endorsement of a product . 
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INTRODUCTION 

A part of the integrated STOCS baseline study is the measurement and 

characterization of higher molecular weight hydrocarbons by the analytical 

techniques of combined gas chromatography and mass spectrometry . The 

combined analysis involves the use of a digital data acquisition and data 

synthesis system having a "library" of mass spectra with which unknown 

mass spectra may be compared to assist in identification . 

~ The total system in use at this laboratory is a DuPont' Model 21-491 

GC-Mass Spectrometer (GC/MS) with a DuPont Model 21-094B data acquisition 

system. The library associated with this system contains 7054 mass spec-

tra, most of which are derived from Stenhagen et at . (1974) ." The spectra 

from the "Atlas" is-supplemented-with 'DuPont's unpublished library of drugs, 

pesticides and metabolites . The library search and retrieval software 

used is that developed by DuPont and has been found useful but somewhat 

limiting in this laboratory. 

In practice, the search algorithm selects five library entries which 

most resemble the unknown mass spectrum, but lists the names of the com- 

pounds of only the first two "hits" . The remaining three compounds are 

listed by an identification number only . Because the library spectra 

were not obtained by the same instrument as the unknown spectrum, inten-

sity differences are present which may preclude the selection of one as 

the "most likely" spectrum. Thus, identification of the remaining three 

compounds is desirable to allow closer comparison of compound types and, 

to determine that the unknown is not one of the alternate, unidentified 

entries . 



peak" of the mass spectrum to assist in identification of unknown spectra ; 
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Frequently an unknown spectrum does not compare well with any library 

spectra . Other, more classical, mass spectral interpretation schemes must 

be employed for identification . In many instances the base peak of the 

mass spectrum (i .e . the fragment ion having the greatest intensity) is 

characteristic of the compound type . For example : abase peak of m/e = 

149 We is mass to change ratio given in atomic mass units) is usually 

indicative of phthalate esters ; m/e = 74 base peak is characteristic of 

methyl esters of fatty acids ; etc . A listing of compounds as a function 

of base peak mass would be useful information for compound identification . 

A base peak of a compound analyzed by one instrument may be a major 

peak but not necessarily the base peak when analyzed by a different instru-

ment . This lack of correspondence between acquired data and library data 

suggests that a list of compounds as function of "predominant" peaks would 

be useful . 

Data stored within the library spectra do not include the compound's 

molecular weight although such data are available in the original "Atlas" . 

The molecular weight of a compound can frequently be obtained from mass 

spectral data and is very useful information to assist in compound identi-

fication . 

PROGRAM DEVELOPMENT 

Both high level (FORTRAN IV) and low level (ASSEMBLER) programming 

languages are available for program development . Using these languages 

programs were written to : 

1) generate a listing of every spectrum identification in numeric 

sequence to allow ready identification of those spectra listed by number 

only ; 

2) generate a listing of spectra arranged in sequence of the "base- 



The user also has the option of making a listing for any given mass 
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3) generate a listing of spectra arranged in sequence of their "most 

significant peaks" (including the base peak) ; and 

4) permit manual entry of the molecular-weight of a compound into the 

data-base of each compound spectrum to permit future development of search 

algorithms involving this parameter . 

Numeric Sequence Listing 

The first of these programs was written in FORTRAN with a program 

listing given in Section A, Appendix I . The result of program execution 

is a 221 page listing of spectral entries in the library . A representa- 

tive page of this listing is reproduced in Section A, Appendix II . 

The program is quite simple, using standard calls to the Disc Oper- 

ating System (DOS) executive subroutines to access the information on the 

magnetic disc . The program will, at the option of the user, either list 

all spectra in sequence or merely count the number of spectra in the 

library . 

Base Line and Significant Peak Listings 

The second and third aspects of this study were accomplished with a 

single program written in ASSEMBLER language . The program listing is 

given in Section B, Appendix I . The results of execution vary with option 

specified by the user at the time of execution . 

The user may specify the listing be made on the basis of base peaks 

or on "significant" peaks . For the purpose of this program "significant" 

Beaks are thosewth intensities~25% or greater than the base peak inten-

sity . The 25% level was selected because such mass fragments are already 

flagged in the spectral library thus easing the programming effort required . 



additions of data without expanding the file size . This can only be done 

at the expense of considerable programing effort . To avoid this effort, 

the last two alphameric characters of the compound identification were 

sacrificed to make room for the new data . This is, for the most part, 
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number or for any sequence of mass numbers selected by input . 

The result of a sequential listing of base peaks is a 435 page list . 

A representative page of this listing is reproduced in Appendix II, Sec- 

tion B . The sequence started at m/e = 1 and extended through m/e = 700, 

although no spectra were found with base peaks greater than m/e = 450 . 

A similar listing of all "significant" peaks would be excessively 

long, 1437 pages would be required . A listing of the number of spectra 

as a function of mass is given in Table 1 . Since the program can be 

executed for any given mass or range of masses there is little convenience 

in having the complete listing . That portion of the listing required can 

be generated as needed . An example of the listing is given in Section C, 

Appendix II through m/e = 20, 

Addition of Molecular Weight to Data Base 

A program has been written in ASSEMBLER language to permit manual 

entry of molecular weights of compounds as a part of the basic data in the 

mass spectral library . A listing of this program is given in Section C, 

Appendix I . 

Since no programs have been written to make use of this type data, 

the laborious task of executing the program has not been undertaken except 

for a few test entries to assure the program is functional . Future programs 

are contemplated to allow library search by molecular weight and by peak 

intensities combined with molecular weight data . 

The library data file is a compact one leaving little room for 



r TABLE 1 

LISTING OF THE NUMBER OF SPECTRA CONTAINING SIGNIFICANT PEAI:S OF A GIVEN MASS 

MASS SPEC MASS *SPEC MASS *SPEC MASS *SPEC MASS *SPEC 

108 44 
101 1.11 
lea 44 
103 165 
104 138 
105 41Z ies iii 
107 2?S 
108 147 
109 i$9 
110 X16 
111 192 
112 99 
113 71 
114 34 
115 171 
116 Si 
ii? i$6 
118 106 
119 243 iae laa 
121 2?8 
122 111 
123 9? 
ia4 ss 
Las 82 
126 45 
12? ?4 
128 89 
129 181 
130 8z 
131 143 
13p- 99 

67 60a 
88 264 
69 913 
?0 440 
71 657 
72 104 

a78 
?4 157 
75 816 
?6 83 
7"i 462 
?8 93 
79 3a0 
80 9? 
81 511 
8a 353 
83 545 
84 252 
85 492 
86 75 
8'7 z9-a 
88 ?4 
$9 8? 
90 54 
91 566 
pa isa 
83 310 
94 133 
95 36Z 
96 195 
9? 365 
8 17b 

93 97 

1 0 34 8 
0 35 1? 

3 O 36 32 
4 0 3? 8 
s e 38 44 
6 0 39 2014 
? 0 40 80 
$ 0 41 8363 
9 0 4a 629 
10 0 43 2087 
11 0 44 268 
12 1 45 64B 
13 1 46 68 
14 !0 4? 16S 
15 158 48 34 
16 16 49 5Z 
17 i5 50 76 
1B 114 51 21.2 
19 3 52 48 
20 1 S3 199 
21 0 54 1?0 
2E 0 SS 1483 
23 0 56 SIG 
24 1 5? 11?9 
25 3 SB 243 
26 75 59 293 
2? 1324 60 130 
C$ 460 61 iSS 
29 1333 6Z 64 
30 148 63 121 
31 396 64 5B 
3Z 37 65 )21 
33 27 66 65 

w 
V 

133 16't 
134 106 
135 150 
136 X38 
13? ?6 
138 ?4 
139 
140 48 
141 129 
142 61 
!43 B8 
144 44 
145 108 
146 66 
14? 133 
148 63 
149 104 
150 $0 
151 44 
152 62 
153 49 
154 34 
15s ?5 
156 46 
15? 45 
isg si 
159 ?? 
164 48 
161 68 
162 75 
163 4? 
164 54 
165 63 



TABLE 1 CONT .'D 

('IAS'5 SPEC MASS *SPEC MASS SPEC MASS *SPEC MASS !SPEC 

166 47 199 34 832 17 266 l8 a98 7 
167 67 200 36 233 11 X66 18 299 113 
168 5s 201 P.2 534 20 e67 Z:3 300 6 
169 63 a0Z 3Z 235 20 ass 19 301 3 
170 54 203 28 236 13 a69 7 308 8 
171 36 204 43 837 10 270 10 303 3 
17E 36 205 2B 838 30 871 9 304 
173 53 a06 17 839 Zs a72 12 305 8 
174 34 $07 as 240 28 873 3 306 3 
175 45 208 35 E41 20 274 1 307 8 
176 28 209 . 18 z9a 33 275 6 308 5 
177 36 210 30 243 12 276 0 309 Z 
178 32 211 87 844 10 277 3 310 8 
179 z9 Z12 23 245 1s e78 6 311 6 
180 ` ,43 213 24 X46 a3 279 3 312 8 
181 31 211 28 847 18- 880 9 313 5 
18a a6 Z15 ?3 E48 13 281 10 314 13 
183 35 216 ZZ X49 10 288 13 315 i 
184 S6 Z1? 19 250 12 283 15 316 3 
185 2Z 218 41 ?S1 9 Z84 80 317 S 
186 34 819 11 253 14 ?$5 26 318 3 
187 23 P20 17 253 6 E86 13 319 4 
188 46 221 Z3 254 10 287 3 320 2 
189 37 22a as X55 16 288 4 3a1 0 
190 31 223 30 z66 19 e309 0 328 1 
191 51 224 16 E57 17 200 7 323 8 
192 19 8?S 11 X58 15 891 B 324 3 
193 31 2E6 la Z59 3 29a 0 3Z5 4 
194 18 227 9 260 6 293 1 326 9 
195 32 228 25 2B1 4 894 1 327 9 
196 21 229 22 262 17 295 7 328 8 
197 31 230 14 263 7 296 10 329 1 
198 34 231 19 264 14 297 . 2 330 , 6 

r 
w 



TABLE 1 CONT .'D 

MASS *SPEC 

364 2 
365 2 
366 2 
367 0 
368 5 
369 4 
3?0 2 
371 fi 
3?2 ? 
373 z 
374 0 
375 0 
3?6 E 
377 0 
378 0 
379 0 
380 1 
381 0 
38Z 5 
383 5 
381 2 
385 2 
385 3 
387 1 
388 0 
389 0 
390 0 
391 0 
392 0 
393 0 
394 3 
395 1 
396 8 

MASS *SPEC 

331 1 
332 5 
333 
334 4 
335 8 
ass e 
337 1 
338 5 
339 2 
340 4 
341 S 
342 9 
343 8 
344 8 
345 
346 S 
34? 1 
34$ 4 
349 1 
350 
351 8 
35Z 1 
353 6 
354 9 
355 5 
356 5 
35? 
358 10 
3S9 0 
360 3 
361 1 
362 0 
363 0 

MASS VSPEC 

397 Z 
39B 0 
399 2 
400 3 
401 0 
402 0 
403 0 
404 0 
40S 0 
406 1 
40? 0 
408 1 
409 4 
410 
411 1 
412 r 
413 0 
414 1 
415 
416 0 
41? 8 
418 0 
419 0 
X80 1 
421 0 
422 0 
423 0 
424 P -
42S 3 
42S 0 
42T 
428 1 
429 1 

MASS *SPEC 

4&3 0 
464 
X65 0 
466 0 
467 8 
468 0 
469 0 
470 0 
471 0 
4n 0 
473 0 
474 0 
476 0 
4?6 0 
4?? 0 
478 1 
4T9 ' 0 
480 0 
481 0 
Asia 0 
493 1 
484 2 
485 1 
486 ! 
48? 1 
488 0 
489 0 
490 0 
491 W 
492 m 
493 
494 0 
495 0 

MASS SPEC 

430 1 
431 0 
432 0 
433 0 
434 0 
X35 0 
436 0 
43? 1 
438 0 
439 0 
440 0 
441 0 
442 2 
443 0 
444 1 
445 Z 
446 0 
44? 1 
448 0 
449 0 
450 1 
451 0 
45a 0 
453 
454 0 
455 0 
X56 0 
457 0 
458 0 
469 0 
460 0 
161 0 
468 0 

I-~ 
w 
w 

r 
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of little consequence since in most instances the last two characters 

are blank spaces anyway . An example of the computer-user "dialogue" 

is given in Figure 1 . 

LITERATURE CITED 

Stenhagen, E., S . Abrahamsson, and F . W. McLafferty . 1974 . Registry of 
Mass Spectral Data . John Wiley & Sons, Inc . New York . 
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Figure 1 . Example of Entry of Molecular Weight Data into the Mass Spectral Library . 

1 BLR-0001 2501 MEpERIDINE 
GIVE MOL.W'1' . t0-STOP11000 

1000 OK?) 1 
BLR-0002 2501 NOR-MEPERIDINE 

GIVE MOL.UT.(0-9T0P)1001 
1001 OK?) 1 

3 BLR-003 201 MEPERIDINIC ACID METHYL ESTER 
GIVE MOL .WT .t0-5TOp)1002 

1002 OK?) 0 
4 BLR-4004 2502 NOR-MEPERIDINIC ACID TMS ESTER 

GIVE f9QL+WT . (O-STOP )9999 
9999 OK?) 1 
5 BLR--0005 2502 MEPERIDYNIC ACID TMS ESTER 

GIVE MOL .WT.(0-STQP)O 
0 OK? ) 1 

THIS PROGRAM ALLOWS ENTRY OF THE MOLECULAR WIGHT IN CPD <ID> 
GTIJE THE STARTING SPECTRUM NO . 

9999 FOR PROGRAM HALT . 
X99 

~9 
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APPENDIX I 

PROGRAM LISTINGS 

A. A Fortran Program For : Sequential Listing of Entries in the Mass 
Spectral Library . 

B . An Assembler Program For : Listing of Entries in the Mass Spectral 
Library According to Base Peaks or Sig-
nificant Peaks . 

C . An Assembler Program for : Addition of Compound Molecular Weight to 
the Mass Spectral Library Data Base . 



SEQUENTIAL LISTING OF ENTRIES IN THE MASS SPECTRAL LIBRARY 
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APPENDIX I 

A 

A FORTRAN PROGRAM FOR : 



FT1~14, L 

PROGRAM L133RL 
'J 

THIS PRQURAM CALLS A SUBROUTINE TO LIST THE 
r.. "ID" PORTION OF THE MASS SPECTRAL LIBRARY r 
G~ I F NO LIST I S DESIRED I'1' WILL COUNT THE ENTRIES 
G 

WRITEC6,lfta 
RE.AD(1, lifl) J 
BALL IDLST C J 
STOP 1 

100 FORMAT(1H1, " 
i10 FORMAT(II ) 

END 
NO ERRORS* 

F 

LIST ID 'S ? 1/" l n DES ° r" a " tq0" ) 



ro 
r WITH J n i GIVES EKTIRE LIST OF MASS 5'PEM AL LIBRARY ID'S 

WITH J < OR > 1 GIVES ONLY THE NUMBER OF SPECTRA 

SIIBROUTINE IDLST t J a 

DIMENSIOH IORIJF(i28), I't'R8UF(4096), IglFfR(l28), IERP1"t61, 
Z L Y BRC 31, MO'T'RB (2), ITMP( 32

G 
DATA LI8R42HtI,i2HBR,8i /. M4TR8r1oi/, IERPT/1+2,3,4,5,G/ 

C 
DEFINE TABLES* BLIFFERS, ETC . 

r 
CALL EXEC(24, t,, IO8kF+ 128, ITRBWs NIOTRB*32, IER ) 

i.GNT 
JrIAacWb 

'~F'(YER .NE .S) WRYrE(s,lft) IER,YERPr(i) 
c 
c OPEN THE FILE <LIBR> 

CALL EXEC (24, 4, LIBR,11 1,, 1 , 0, 1 , IER ) 
IF (IER+hi~ ~S ) WRITE (f, i00 ) IER, IERPT(R) 

G 
IF ID LIST, WRITE HEADER 

G 
CLEAR T14E PAGE 

IF CJ . EQ .1 ) CALL EXEC (2; 6S, C924*-2 ) 
C 

IF(J . EGI . 1 ) LOhi'I' a 4 

IF (J . Ea.1 ) WRITE (6,1141) ' 

I-~ W 



G 
C 
C 

iFc LCN`I' . GT . 331 WRM(6, iii ) iPAGE 
121 FURMAT(iH ,r 6OX, "PAGE °, I3 ) 

I F (LCHT . GT, 33 ) (:ALL EXEC (2, 6v, 6935, --2) 

r, 

C 
C 

J 

G 

C 

C 

INITIALIZE POINTER ACID COUNTER 

IFt m 0 
IP'T m 1 
I CNT = 0 

TRANSFER THE FIRST RECORD (SECTOR) TO BUFFER 

BALL EXE0 (24, &*LlBR, 0, IBiJF FR, IER ) 
IFtIER .NE* rda WRITE(So1O0) IER, IERPTt3y 

NWDS " THE hiUMBER OAF WORDS IN THIS SPEC7'RLiP't 

IF THERE ARE NO MORE SPECTRA MWDS s g 

IGMr s IChfi1' + 1 
IF(J, EQ,1) WRITE (6,12g ) ICNT, (IBIJFFR (I ), I m2, 33) 

IF(J, E4 ,1 ) LCHT a LCNT + 1 

INITIATE NARDCQPY AFTER 35 LII`ES 

IF ( LCNT . GT ~ 33 ) WAGE a WAGE + 1 



CLEAR THE PAGE 

F 

h 

C 
C 
C 

IT IS ALL IN THIS SECTOR IF WLIB > " 33 

IF (41LI8 . LT . 32) G4 TO 70 
DO G0 I w 1, 32 

60 ITMPt l) a IBIJFFRt IPT + 1) 
GO TO 20 

r, 
r 

C 
c 

C 
C 
C 
C 
c 

IF(UCMT ~ GT ~ 33) LCM s 0 

I F (LCNT , EQ. e,,AND . J . EQ .1 ) GALL SEC t E, 6S, 692, -a3 
IPA' a IPT + IBUFFR(1) 

80 IF(IPT .LE . 128) GO TO 1Q 
I PT r I PT -- 128 

YF(ILL . EQ . 1 ) GO TO lid 
CALL EXEC(24v6oLIBRo 0* IBUFFRolER) 
IFS IER .NE. 0) WRI't'EC6oS00 y Imo, IERPT(4) 
GCS 7'O 80 

10 NWDS a SBUFFRt IPT 1 
IFt NUDS . GE . MAXWn 1 MA?ttJD m NWDS 
IFS. 
I F ( NWDS . E0, 0 ) G4 7'0 30 

INCREMENT THE COUNTER FOR THIS SPECTRUM 

THE ILK PORTION OHM BE EITHER* ALL IN THIS SEC'TQFts 
PART IN THIS SECTOR & PST IN THE NEXT; OR, A7` 
THE START OF THE NEXT SECTOR* 

WLIB IS THE hNJM$ER OF U4RDS LEFT 1N THE BUFFER 

a1ia+TB a 129 - IPT 



ITMP(IDIFF+I ) a IBLtFFR(I 
ICNT ~ ICNT 'E' 1 
IPT ~ IPT 'f' MMS 
IF(J.EQ.1) WRITE(6,120) IChl7', i ITMP(I )+ Ii1,3R3 
IF(J .EQ. 1) UM"C w L.GN'C + 1 
XF (LENT. ~~' . 3i ) IPRGE a IPAGE + l 
IF (LCNT . QT.31 ) WRI'TE(6f 121) YpAGE 
IF (LCN?' . GT . 31) CALL EXEC (2, 65, 593 � --2) 
IFi LONT . GT . 31) LOhIT r 0 
YF(LENT, EQ . 0 . FNU.J .. EQ . i ) CALL ExECi 2,65, 6924, -2 y 

W CALL EXEC ( 24, f, LIBR, et IBUFFR, IER ) 
IF(IER.tE,O)W?ITE(9,i00) IER 
DO 23 1 = 1, 32 , _ 

23 I TMP (Z ) m I RWFR ( I ) 
IFL w i 
GO T420 

C IT IS FART Iii THIS SECTOR AND PART IN THE NEXT 
C 

?0 IDIFF a 128 - IPT 
IF t IDIFF . E4 . fl ) GO TO 22 
Do 90 z a I,IDIFF 

0 YTMP(Z ) - iBt.JFFR (iPT+I ) 
ALL ESC t24,6, ZIBR, 0, I$iJFFR, IER 
IF(IER .NE, 0 ) WRITE(B,iOO ) IEi2, YERP7"(5) 
IRT a IPT -- 128 
hST a 32 + IDIFF 
DO 15 I m i, ~~~T « 



GO T4 80 
c 
c NO MORE SPECTRA IN THE FILE 
r,; 

30 LRITE t 6o1303 IGNT 
WR YTE (St 131 ) MAXWD 
CALL EXEC t Z' 6S o6935o-C 1 

C CLOSE THE FILE T4 MAKE BUFFERS AVAILABLE 
G 

CALL EXEC(E4,5, LIPR,0, IER) 
IFt IER .ME . 0 ) WRITE(5,i0O) i£R . IERPT(B ) 

RETURN 
N 
k 

100 FORMAT t 1H , " EFMP ERROR N4. " , I3, " AT tUC. NO . '' , I31a 
C 

110 F4RMAT ( 1N ,17X, ' GC/MS MASS SPECTRAL LIBRARY LISTING" rf ) 

120 F4R1+rlaT (1W , IS, 2X, 32AE ) 
c 

130 F4RMATc 1Nt . THE TOTAL NUMBER OF SPECTRA IS vol611) 
c 

131 FQRMA't'C 1H , " THE MAXIMUM SPECTRUM SIZE IS ', I6, " WORDS"/ a 
END 

NO ERRORS* 



LISTING OF ENTRIES IN THE MASS SPECTRAL LIBRARY 
ACCORDING TO BASE PEAKS OR STGNIFICANT PEAKS 
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APPENDIX I 

B 

AN ASSEMBLER PROGRAM FOR : 



ta001 ASMlB, L, FoC 
00ea 
0003 ~c THIS PROGRAM SEARCHES THE SPECTRAL LIBRARY FOR 
0004 ~c SPECTRA WHICH HAVE A GIVEN BASE-PEAK 
8005 
0Q4~6 NAM BASGN 
b007 EXT EXEC 
0008 EXT .D14. 
0009 EXT .14I . 
Oslo ENT BASGN 

~k 0011 
012 
0013 BASGN DEF START 
0014 
0015 
e016 START NOP 
001? A EQi.l 0 
001$ B EQU 1 
0019 rl?CSAS J58 LJ'1"FY SITE AN INPUT 
0020 DEF STM= MASS NU1MBER AS SEARCH 
00ei CLA 
Q02"d ETA INDXE CLEAR THE SEQUENTIAL SEARCH INDEX 
003 JRD'T1'Y READ p NLMER FROM ' TTY 
9034 J5$ IP't`ER ERROR ON INPUT 
80?5 CPA SIGh10 SEARCH FOR SIGNF. PKS ~' 
seas JS$ SIGS'i' YES - SIGNIFICANT C>254) 
X27 SZA,RSS 
Goes imp MSINC <Mmmo> 4!As 0 - INCREMENTAL SEARCH 

CPA EXT14o EXIT FROM PROGRAM ? 
0030 "JW ESTOP YES - USE ERROR EXIT 
0031 t'= RYA HA$AVE THE CURRENT SEARCH PARAMETER 



0033 STA IPT INITIALIZE <IPT> 
004 
0035 JS$ EXEC DEFINE TALES, BUFFERS, ETG 
0036 DEF RE't'Ni R M RN POINT 
0037 DEF RCQDE ADDRESS OF REQUEST CODE FOR EF 
0038 DEF EFMPi ADDRESS 4F f_F'MP FUNCTION CODE 
0Q39 DEF OPHrB ADDRESS 4F OPENED-FILE TALE 
OGa0 DEF aaNsz ADDRESS OF opE34ED-FILE TABLE size 

ER 0041 DEF TRBUF ADDRESS OF TEMPORARY RECORD BUFF 
0e42 DEF NO'i'RB ADDRESS OF NUMBER OF TRH' S 
00~43 DEF TRBSZ ADDRESS OF SIZE OF TWOS 
0044 DEF ERRNO ADDRESS Off' RETURNED ERROR NUMBER 
045 ~k 
0046 F2ETNi J'S8 ERM4M GO CHECK FOR EFMP ERROR 
0047 J58 EXEC OPEN FILE <LIBR? IN <PNili> 
0048 bEF RE' 
004s nEF RcaDE 
oese DEF EFMP4 OPEN FILE 
o85i DEF FNAME ADDRESS OF FILE NAME <LIBR> 
X052 DEF PAKNO ADDRESS OF PACK NUMBER <PHiil> 
0053 DEF EFI"iPi START AT RECORD M06 1 
80S4 DEF SC4DE ADDRESS OF SECIiRZTY CODE 
oes5 DEF NOTR'8 BUFFER NUMBER I 
0056 DES ERRNd 
0057 
eO58 RE'i'N2 JS$ ERMON 
0~~9 JS$ WTTY CLEAR THE CRT SCREEN 
"f0 DEF CLRSC 
X06! CLA 
0062 C'I'A FINAL RESET AND OF LIBRARY FLAG 
0963 CLD SET UP FOR INTERNAL CONUERSION 

JaB .DYQ . 
Was DEF HDNOa PUT <MASNO> INTO HEADING 
WES DEF FOi3MT FORMAT 



0 IL"12 06 r DEF ENIDMS 
006 LDA h1ASNa 
006 JSB .IOC . 
0070 ENDMS NSF' 
00?i Js8 WTTY 
007 DEF HEAD 
0073 tDA FOUR 
0'74 STA LNGrt1' 
0075 GLA 
007s STa sPcMT 
00'?7 
0078 JS$ EXEC 
00?9 DEF N3 
0080 DEF RGODE 
081 DEF EFMP6 
o0sa DEF F NAME 
0483 DEF RCDh10 
084 DEF BUFFR 
008s DEF ERRHO 
X86 ~K 
0087 FtETN3 JSB ERh'i4N 
0088 NXSPC LDR IPT 
0089 ADR Mi 
009 ADR $UFFAi 
0091 S1'R SUF'AD 
009 L.DA Bi,.IFArD, I 
0093 STA HWIIS 
0094 SZR, RSS 
e09s ,?MP EM13DD 
ee9f Abp IPT 

srA NExPT 
00913 LBA RRRQtD 
0099 STA I MDXA 
0100 LDA NUY?S 
0101 CMAoINA 

l, 
I 

l, 

THIS IS THE Rat . ADDR. OF NEXT SPECTRUM 
GET THE ADDRESS OF ARRAY 
SaUE FOR INCREMENT IN TXFIER 
GET THE NO, OF WORDS IN THIS SPECTRUM 
MAKE IT NEGATIVE 

END OF OUTPUT LIST 
ONLY ITEM IN THE LIST 

WRITE A HEADING 

INCREMENT FOUR LINES IN COUNTER 

CLEAR THE SPECTRUM COUNTER 
READ THE FIRST SECTOR 

READ CODE 

IT IS IN <BUF'FR> 

GET THE LOCATION OF THE POINTER 

GET THE BUFFER ADDRESS AND SUM 
STORE THE POINTER ADDRESS 
GET THE NUMBER OF WORDS IN THIS SPECTRUM 
STORE IT 
IF IT' S ZERO, THAT'S ALL 
QUIT 
i F NON-ZERO* THERE" S MORE 



sTa TXWmS 
LAA IPT 
JSB 'i'XFER 
LDa TxIJDS 
SSA,RSS 
Jh'!P IAIF 
JSR EXEC 
DEF RE'i'N4 
taEF RCaDE 
DEF EFMP'6 
DEF f'NpME 
DEF RCriNO 
DEF BAR 
DEF ERRNa 

RETN4 JaB ERM4N 
LDP NEXPT 
ADA M128 
ETA htEXPT 
GLR,oINA 
JSB TkF'ER 

sloe 
0103 
410 
01 o5 
0106 
0107 
0108 
0103 
0110 
o1i1 
0112 
0113 
8114 
012 
0116 
0117 
011$ 
0119 
X120 
0121 
o1ea 
0123 
0124 
01cS 
0186 
X12? 
012$ 
0129 
0130 
0131 
0132 
0133 
0134 
X135 
0136 

W 
N 
A 

TRANSFER FROM <YP7'> TO <NEXPT> 

THIS IS THE STARTING POINT FOR THE SEARCH OF 
THIS SPECTRUM . TNT SPECTRUM SRS BEEN TRANSFERRED 
FROM GBUFFR3 INTO <ARRAY>* 

Y$Z SPCNT INCREMENT THE SPECTRUM COUNTER . 
CLB 

SAVE IT FOR COUNT 
GET THE STARTING POINT IN BLFFER 
TRANSFER WORDS FROM 8UF'FR TQ ARRAY 
CHECK TO SEE IF TRANSFER COMPLETE 
ALL TRANSFERRED 
NEED MORE -- READ NEXT SECTOR 

~k AS 4f 2ri3/?? THE LARGEST SPEG'I'Rtff"1 HAD ONLY 1L307 I.KRIIS 
~K THEREFORE THIS RETURN HAS T4 BE WITH TXUDS a 0 

INARR LDA NEXPT SET UP FO NEXT SPECTRUM 
STS IPT 



CLEAR INTENSITY OF <MASNO> 
CLEAR <MAX> 
CLEAR COUNTER 4F }aS PEAKS r 

0137 STB NITFL 
038 STB MAX 
0139 STS Homes 
0140 LbA C34 
0141 ADA flRF2AD 
01 42 STA IDX2S 
0143 STA INDEX 
0144 PlORaS LDA YNDMI 
014S SSA 
Q14g AMP NOMaR 
0147 CPA MASHO 
0148 CMS 
0149 CPD SIGFL 
0160 ST$ SGNFL 
011 ISZ INDEX 
else ISz Homes 
X153 JMP MOR2S 
0154 NOMOR SSR,RSS 
eiSs imp NXSf'C 
0156 t.I3A MOI'°I8S 
0167 GMA, IMA 
$1S8 STA htGeSS 
0i59 ETA NEGM 
X1160 S't'A REP2S 
0161 ISZ INDEX 
03,62 NXTPR LDA IDX25 
0163 STA INDES 
0164 LDR INDEX, I 
015 SSA 
0166 JMP ENDSP 
0167 AND HIMSK 
0168 CLB 
0169 LSR 6 
0170 cOMPR CPA zNDES, i 
of?i JMP P4Hr'C 

CALCULATE THE 
SAVE FOR USE 
FOB INCREMENT 
GET THE FIRST 
IS THIS ALL 
SAES 

PEAK 

NO -~ IS THIS ONE 0F INTEREST ? 
YES - SET HBO TO -1 AS A FLAG 
SIGNIFICANT PEAK SEARCH ? 

INCREMENT TAE INDEX 
INCREMENT THE COUNTER 
Ga BASK FOR MORE 
WAS f.MA5ht4? MME 0F TIDE 
N4 - SKIP TWIG ONE 
YES - PREPARE TO CHECK 
GET NAG . CF THE N4. OF 
SAVE FOR COUNT DOUN 

FOR BASE PEAK 
>25 PEAKS 

POINT TO IST OF MASS-INTENSITY PAIRS 
ADDRESS OF >86 PEAKS 
SAVE FOR INCREMENT 
GET THE FIRST PAIR 
CHECKED ALL PAIRS ~ 
YES - CLEAN UP THIS SPECTRUM 
GET RID 4F THE LOU 6 SITS 
CLEAR *B" FOR ROTATE 
SHIFT RIGHT 6 BITS ( MASS # OK) 
YS THIS ONE OF "C 
YES - CHECK FOR MAX 

ADDRESS 0F X25 PEAKS 
IN CASE OF HIT 

X25 ? 



017 ISZ iND2S NOT YET 
0173 ISZ NESS GNECKED ALL ? 25' S '?' 
0174 JMP COh1pR NOT YET 
0175 ISZ YHD~~ -INCREMENT THE INDEX T4 
0176 NlPRi LDA REP25 RESTORE TNT NOe OF >2S PEAKS 
017-11, STA NEG25 FOR NEXT PAIR SCAM 
0i?$ JMP NkTPR CHECK THE NEXT PAIR 
4179 PQtYIIT CL$ CLEAR "8" FOR FLAG 
0180 CPS MASMO IS THIS THE ONE WE WANT ? 
a 1.81 CMB YES SET FLAG (B ) TO -1 
0182 LDA INDEX, I M4 - GET TWO PEAK AGAIN 
0i$3 ISZ INDEX GET READY FOR NEXT PAIR 
0184 AND LQMSK GEC` RID OF HIGH BIT'S 
ales STA TEMP 
018 CMA, IMA GET MEG* VALUE OF INTENSITY 
0187 ADA MAX PREVIOUS MAXIMUM VALUE 
0188 SSA, RSS NEW MAX '? 
0189 imp CNTMU NOT YET 
0190 LDA TEMP LARGEST YET 
0191 STA MASS UPDATE MAX 
0192 CHTMU SS8 Wad IT <MASN4> ? 
013 STS HI7'FL DES -- SAVE IT FOR FUTURE COMPO . 
0194 CLB 
019 ISZ HG25S FOUND ALL > 25' 
0196 imp NXPRi 
019 ErrnsP LDA Hz TFL DES - GET <MASNO> INTENSITY 
018 SPA MIX Lips IT THE MAXIMUM VALUE ? 
0199 JMP PRT1T YES - PRINT THIS ID 
000 x.135 5QNFL 
$201 SZ8 SIaMIF. PEAK ? 
0,302 RSS 
0203 imp MXSPC Na -- SKIP THIS ENTRY 
0204 LDA BLANK GETA BLANK 
0~-05 S'TA OLITF''C'+2 PUT I'1' I hl THE LINE FOR S I GW* PK . 
0206 PRTIT LDA M32 

I-~ 
W 

N 



0207 sTA iNDxa 
020$ LDA RRRAD 
0209 STS INDEX 
0210 ISZ INDEX 
0211 LDA OUTAD 
012 ETA IDOUT 
b213 ISZ IDOUT 
021+ ISO IDOUT 
Gals ISZ IDOUT 
021G M4RIL1 LDA INDEX, i 
0217 STA IDOUT, I 
0218 ISZ INDEX 
0219 I5Z IDOUT 
0220 isz zNnX2 
021 JMF' M4RID 
022 CLA 
OP.23 OLD 
X1824 JS$ * D104 

DEF 41.JTPT 
0226 bEF FoRMT 

DEF Ei.IST 
~~28 LDA SPA' 

,TSB . loll 
0230 ELIST NAP 
X231 JSg WT7'Y 
0232 DEF OU7'PT 
0233 LDA ASTER 
8234 STA GU7PT+2 
0a35 CLA 
X236 STA SGMFL 
023? I$Z L.I'tGNT 
0238 LDA M33 

9 AnA i.hlCNT 
02.40 SZA 
0241 imp NXSPc 

F 
l. 
I 

33 LINES WRITTEN 7 
N0 Y DO I7' SOME MORE ! 

GET THE ARRAY CDR 

POINT TO 1 ST UORD OF ID 
GET THE OU'T'PUT BUFFER ADDRESS 

SKIP 3 WORDS FOR SPECTRUM S 

LOC. i ST WORD OF ID ON OUTPUT 

LOAD ID INTO <OUTPUT 

ALL TRAhSFERE'b ? 
NO ~ DO MORE 
YES -- SET UP FOR INTERNAL CONV* 

WRITE THE OUTPUT 

SET AN ASTERISK 
RESTORE THE OUTPUT LINE 

ZERO OUT THE SIG F'K FLAG 
INCREMENT THE LINE COUNTER 



OE42 FNLO' J58 WTTY 
0243 REF 14DCPV 
044 NOLST .1S$ WTTY 
0245 DEF CtRSC 
0246 LDA HDNaS 
024" . ETA TPAVE+2S 
0248 LDA HDNaS+ 1 
0c"'49 S1'A '1'i'AiGE+e9 
eaw JSB W'TTY 
east DEF TPpGE 
0252 CLAf xNA 
E}253 INA 
0254 ETA LMCN'I' 

LDB FINAL 
4256 SZB*RSS 
0257 imp NXSPC 
0258 ISZ MASS 
ezS9 Lnp EcoDE 
ease CPA MASNO 
0261 JMP MX$F'3S 
0262 LDA INDXE 
0263 SSAoRSS 
0264 ,JMP 14KBAS 
0265 LDp MASNO 
0266 JMP MASOK 
0267 ENDDD Ct.8 . I lq$ 
82611 STB FINAL 
0269 LbA FOUR 
0270 CPA thlC;NT 
X0271 JMP H4LS'f' 
0a?2 JI"P FNL4P 
Qa73 
02?4 

0276 TXFER MOP 

W 
N 00 

YES T 't'UURN ON HARDCOPY UNIT 

CLEAR THE SCREEN 

GET THE ASCII MASS N0 . 

WRITE THE MASS N0 . AT THE TOP 4F PAGE 

CLEAR THE LINE COUNTER 
AT END OF LIBRARY 

GO DO SOME MORE 
YNCREr4ENT THE MASS FOR SEQUONTIAL SEARCH 
AT UPPER LIMIT OF SEARCH MASS ? 

YES - START AGAIN thlO WAY TO END THIS PROG 
GET THE SEQUENTIAL FLAG 
IS THIS SEQUENTIAL ? 
N4 - GO BACK TO START 
GET THE MASS 
YES - GO BACK FOR SEQUENTIAL 

COMPARE WITH LIME COUNTER - IF 4 
THEN NO HARDCOPY 
PRINT THE LAST PAGE 



02?7 ADA RtlFFA GET THE: OWFER ADDRESS 
2'7$ ADA M 1 

927' STp INDXS SAVE IT 
680 TXFMR LUA INDXa, I 
0281 S'CA YNbXA � I TRANSFER A UORD 
0282 ISZ INDXA 
028.,-31- ISZ INDXS 
0284 LDA DWFA 
0 MIT, 285 ADA OPN5Z INCREMENT $IJF'FA $Y f 2$ 
0286 CPA I NDXS I S <I MDX5? AT THE END 0F THE BLUER ? 
0287 AMP TXF'E', I AT END OF BUFFER - GO BACK FOR MORE 
oess r5Z TxWDS AT EhID OF TRANSFER ? 
a2$9 JrIP TXFMR No - a0 TRANSFER MORE 
0290 JMP TXFER, t YES a RETURN 

~ 0291 
0292 STATEMENTS 294 THROUGH 432 ARE SUBROUTINES ' IFTTY' AND "RDTTY' 
0293 TELETYPE SUPPORT ROUTINES COPIED FROM GC/YS SOFTWARE . THIS 
0433 CODING I5 PROTECTED BY AGREEMENT BETWEEN E .I .DII PONT CO . AND 
0434 

THE: IID1IV . OF TEXAS . 

0435 ERA! NOP CHECK FOR ERRS IN EFt"r' BALLS 
0436 LDR ERRN4 GET ERROR TYK NO. 
043? 5ZA. R5S 
0438 JMP ERM4N, I IF ZERO RETURN 
049 ALA 
0440 CLD 
04-41 .1s$ ID104 SET UP FOR INTERNAL CONVERSION 
0442 DEF EF2ROP ERROR OUTPUT BUFFER 
0443 DES FRM`I' 
0444 DEF ESTOP 
044S LDA ERRhtO 
0446 Jss *101, 
044? E5't'flF' NOP 
044$ JS$ WTTY 

DEF ERROP WRITE THE ERROR MESSAGE 
0450 JS8 EXEC EXEC PROGRAM TERMINATION 
0451 nEF *+2 



045Z DEF EFMP6 
X453 NaP 
X454 
9455 ERROP OAT 0 
0456 ASO S, PROGRAM HALT 
045''~ OCT 0 
045S F'RMT ASC 2o(12) 
0459 

WORK 
0460 

AREA FOR PROGRAM 
0462 
0463 STMSG OCT 1S437 
0464 4G1' 1541 
046S OCT 6432 
0466 OCT 6413 
0467 ABC 1 3, THIS PROGRAM SEARCHES THE 
046$ ASS 12,PlASS SPECTRAL LIBRARY BY 
0469 ASC So BASE PEAK 
0470 SGT 6422 
04?i OCT 641 
04?2 ASC 1 £' oGI UE Ti-!E SEARCH MASS NO 
0473 OCT 6412 . 
074 ASO 1%0 OM ENTRY GIVES SEQUENTIAL SEARCH 
04?s OCT 6412 
04?6 CSC 2a. 8888 MAKES A SIGNIFICANT PEAK 02SX) SEARCH 
0477 OAT 6412 
078 A5G 12s 9999 GIVES PROGRAM HALT 
0479 OCT 6412 
04$0 OCT 0 
0481 TXWDS OCT 0 
04$2 FINAL OCT 0 FLAG AT AND OF LIBRARY 
e483 MASNO OCT 0 SEARCH PARAMETER 
04$4 RCODE OCT 30 EFMP TYPE EXEC BALLS 
04$5 EFMP1 OCT 1 DEFINE FILES 
0486 OPMTR RSS 128 OPENED FILES TABLE 

F-+ 
W 

I W 0 



0487 OPMZ DEC 
e488 Nb'Y'RB DEC 
0489 DEC 
0490 TRBSZ DEC 
0491 TRSIIF ASS 
0492 ERRNO BSS 
0493 EFMP4 OCT 
0494 F'NAME ASC 
0495 PAKNa DEC 
0496 RCDNO DEC 
0497 SCOAE DES 
0498 
0499 CLRSC OCT 
0500 OCT 
Me1 
aSQ~ 

DEC 

O503 HEAD ACT 
0504 OCT 
05ia-S5 ASC 
0506 ABC 
O507 HDNOS ASC 
e50$ ASC 
059 OCT 
Oslo OCT 
tdsi l OCT 
OS12 FOUR OCT 
0513 TPAGE A5G 
0S14 ASC 
M1S ASC 
05 i 6 OCR' 
e5 i? OCT 
05M BLANK OCT 
O5 i9 ASTER OCT 
t~~20, SCNFL OCT 
e5£ 1 LMCN'1' OAT 

1 
1 

12$0 
OR ERROR C 

OPEN FILES 4 

11t 
SEQUENTIAL ACCESS 
SECURITY CODE 

4F '~~' . I~Cn. BUFFERS NO. 

MBER NU L4 . 

C LF 
2 OR 4 

RA I G P F 
M A T 

a BASE PEAK) 
6412 
641a EXTRA LINE SPACE 

6412 

200 0 
S 0 

R / 6412 
r LF 6 1 

ECT Hp S OLLOW N 12,'I'HE 
ht PEAK A^!' IlH 12, t1E A PRa 

3, 
~k 

CR / LF 

28, 
1, 
i, 

4 
04 2 

COUNTER FOR PRINT OUT 0 

C R I 4 
4 4 

LIMA 

THE SHEEN LEA 5 37 
15 1 



OS22 SPGW OCT 
0523 EF!"P6 OCT 
~~'24 BUFFR BSS 
g52S IPT ACT 

EUFFA DE.F 
052? BUFAD OCT 
0528 NWDS OCT 
OS29 MEXP'1' UST 
OS30 EXTNO DES 
0531 SIGMO DEC 
0532 Mi2g DEC 
0533 INDEX OCT 
O534 LOMSK OCT 
O535 N I h1SK OCT 
0536 TEMP OCT 
0537 MAX OCT 
O53$ H ITFL OCT 
OS39 M3e DEC 
0540 INUX2 4C1' 
X541 ARRAY BSS 
0542 ARRAD I7EF 
O543 IDQU'T OCT 
0544 OUTPT A5C 
0S45 BSS 

OCT 
ras47 OCT 
X1545 OUTAD DEF 
x+49 FORMT ASC 
O55O M33 SEC 
OS51 HI'r' OCT 
US52 OCT 
OSS3 ECODE OCT 

Mi OCT 
OS55 INDXS OCT 
0556 114DXE OCT 

6 
128 
1 
BUFFR 
0 
0 

9999 
F888 
-f~$ 

7? 
177700 
0 
0 

READ A SECTOR 

w 
W 
N -32 

128 
ARRAY 

3, 

6412 
4UTP'I' 
2, (14) 
-33 
152'7 
Pr 
1442 UPPER LIMIT OF SEQU4 SEARCH (702) 

RETLJRWLIME FEED 



erc7 
ess$ 
OSS9 
0s6e 
OSG1 
0562 

0564 

066 
QS5 67 
O568 
ID569 
OS?0 
e571 
O5572 
OS73 
O574 
057 
05?6 

O578 
OS?9 
es8o 
05a1 
ess2 
0583 
0584 
eS$s 
X5$6 
OS$'? 

osge 
0591 

F 
V 

I 

V 

MOP 
ADA Mi 
AUK Mt 
STA I PTER SET UP TO TRY AGAIN, 
JMP IPTER,I 

IPTRp DEF IPTER 
IPO 4C1' 641 CR/LF 

ASO 13, INPUT ERROR - TRY AGAIN 
OCT 0 

SIGST P10P 
CCA 
ETA SIGFL 
aSB WrrY 
DEF SIGMA ASK FOR WARGH MASS HO* 

IhiDXA OCT 0 
'1`EMPi OCT 0 
TEl'7P2 OCT 0 
IDX2S OCT 0 
xMnas OCT 0 
N4MES OCT Q . 
MEG25 OCT 0 
NG2SS OAT 0 
REP2S OCT 0 
C34 OCT 42 
RURQ SGT 1?? P4U 

I PTER hlOP 
JSB WTTY WRITE AN ERROR MESSAGE 
DEF IPMSG L4C. OF THE MESSAGE 
t.nA IPTRA*l GET THE RETURN ADDRESS 

ROUTINE T4 rmI'TIA'1'E SIG. 1'K . SEARCH 
USE -1 AS A FLAG 



0593 
0 594 
o5g5 

X5`3? 
~5098 

Q 
0601 

02 
0603 
0604 
0646 
0606 
0607 
oGe8 
0609 
0610 
0611 
0612 
0613 
0614 
0615 
0616 
0617 
062$ 
0619 
0620 
0621 
esea 
0623 

5IGMS ABC iaoGIUE THE .SEARCH MASS X10 . 
OCT 6412 
ABC 13,0 GIVES SEQUENTIAL SEARCH 

' 64iB 
OCT 0 END OF MESSAGE 

SIGF'i. OCT 0 

MSIMC NAP 
JS8 WTTY 
REF SEGMS 
JSB RD'F'TY 
JSg IPTER 
STR MASHO 
TSB WTTY 
DEF MDMSQ 
JSB RDT?'Y 
JAB IPTER 
sTA ECoDE 
CLA 
AMA 
STR INDXE 
LDk MASMO 
JMp MASC?K 

F-' w 
w 

SEQUENTIAL SEARCH FLAG 
GET THE START MASS 
USE YT FOR THE FIST MASS IN THE SEQ" 

SEGMS ASC 18,SEQUEN"i`YAL SEARCH - STARTING SS ? 
OCT 6412 
OCT 0 

NDMSQ MSG 16,SEdUEN'1"'YAL SEARCH - FINAL. MASS 
OCT 6412 

JSS RD7'T'Y READ THE MASS HO 
JSB IP'i'ER 
JMP SIGST, I _ RETURN 

WRITE MESSAGE FOR SEQJ. MASS INPUT 

GET THE STARTING MASS NO* 

GET THE UPPER LIMIT MASS NO . 
SET UP FOR SEQI.I . SEARCH FLAG 



' Van OCT 0 
0628 
0 6 224 9 END BASGP1 
X.*** LIST END 
..r 



ADDITION OF COMPOUND MOLECULAR WEIGHT 
TO THE MASS SPECTRAL LIBRARY DATA BASE 

lj-3b 

APPENDIX I 

AN ASSEMBLER PROGRAM FOR: 



0003 ~K THIS PROGRAM LISTS A LIBRARY ENTRY <ID> AND WAITS 
0004 FOR INPUT OF INTEGER MOLECULAR LJEIGH7', THIS VALUE 
OOOS aK REPLACES THE LAST "WORD" OF THE <ID> 
0006 
0007 
000E NAI'I MOLWT 
000-9 EST EXEC 
0u10 E}rr ~DIa . 
001 1 EXT + 101 , 
0012 ENT MOLiJT 
0013 

001S 
0014 x 

MOLWT DEF STET 
0016 
0017 
001$ START MOP 
00i9 p EQtJ 10 
0020 B E4u 1 
0021 hlXBAS J5B U'1'TY WRITE AN 3NP't!T MESSAGE 
0022 REF STMSG GIVE SPECTRUM Na . FOR START 
0023 J58 RDTTY READ A NUMBER FROM THE TTY 
00a4 JSB IF''Y'ER ERROR 014 INPUT 
e02s 5ZA, RSS 
0026 JMP ESTaP STOP DM 0 ENTRY ALSO 
0027 CPA EXTNO EXIT FROM PROGRAM 7 
00a8 ,JMP ESTaP YES - USE ERROR EXIT 
0029 5TA MASNO SAVE THE STARTING SPEC !'10 . 
0030 CLFi: YNp GET A 1 
0031 ETA IPT INITIALIZE tIPT} 

_ L t, S, i, MLwGr 

0001 ASM8, L, F, C 
000a * 



0033 
0434 
003c: 
f3+b3E 
0037 
Q03~ 
001"319 
0440 
0041 
3042 
0043 
0044 
etO4a 
0046 
004? 
004$ 
0049 
e0sd 
0051 
oo5p. 
OOs3 
oo5s 
oo5s 
005? 
005s 
i~3059 

X061 
e1062 
0063 
009-4. 

0066 
0367 

CLEAR THE CRT SCREEN WTTY 
eLRsc 

JSB 
DEF 
ctrA 
ST'A 
STS 
STA 
AMA 
STA 
STA 

$PCMT CLEAN THE SPECTRIJf'rl COUNTER 
LNCNT CLEAR THE LIMA COUNT 
FINAL CLEAR THE FINAL OP FLAG 

ENDFL MAKE END FLAG NOM-ZERO 
NWDS NEGATIVE N4~ TO PARTIAL WRITE FLAG 

JAB EXIEC READ THE FIRST SECTOR 

RETH1 

RETN2 

JSR 
DEF 
DEF 
DEF 
DEF 
DEF 
DES 
DEF 
DEF 
DES 
JST$ 

JS$ 
DEF 
DEF 
DEF 
DEF 
DEF 
DEF 
DEF 
D£F 
DEF 
Jig 

EXEC 
RETNi 
RCQDE 
EFMf"i 
0pN1'B 
4PNSZ 
TRBUF 
hIOTRR 
TRBSZ 
ERRN4 
ERM4M 

EXEC 
RETM2 
RCODE 
E4 
FNAME 
PAKNO 
E1 
SCORE 
NQrRs 
ERRNO 

M 

DEFINE TARLES, BUFFERS, FTC 
RETURN POINT 
ADDRESS OF REQUEST CODE FOR EFMP 
ADDRESS OF EFIYIP FUNCTION CODE 
ADDRESS OF OPENED-FILE TABLE 
ADDRESS OF OPENED-FILE TABLE SIDE 
ADDRESS OF TEMPORARY RECORD BUFFER 
ADDRESS OF NUMBER CIF TRB:4S 
ADDRESS OF SIZE OF TRB OS 
ADDRESS OF RETURNED ERROR NUMBER 
GO CHECK FOR EFMP ERROR 

OPEN FILE <LISR> Ifs {PNili> 

OPEN FILE 
ADDRESS OF FILE NAME <LIBR> 
ADDRESS OF PACK NUMBER <PNt Y 1y 
START AT RECORD NO, I 
ADDRESS OF SECURITY CODE 
BUFFER NUMBER 1 



9068 DEF RETN3 
W9 DEF RCODE 
0070 D£F EFMPS 
00?i IaEF FN
007a DEF RCDNO 
00;'3 DEF BUFF'R
90?4 nEF ERA . 
0075 RETN3 JAB ERMflN 
0076 
007? NxSPC LDA IPT 
407$ ADA M i 
00?9 ADA SUFFA 
oe8e ETA SUFRD 
0081 IhA 
X088 S'TA BLFIb 
0083 LDA BuFaa 
0084 ADA c38 
o085 51'A MOLAR 
QOss LDP 13UFAD,t 
0087 IS2 SPCMT 
0e88 5'ZR, RS$ 
0089 STR EliDFt,. 
090 SZR,aSS 
0091 J14P WRITE 
0Q9a FDA IPT 
0093 ST'A NEXi'"P 
0094 CLA 
e09s CL$ 
0096 JSB *DI4, 
009? DEF SPOUT 
0098 DES' FORMT 
0099 DEF EhiDSP 
Q9.ola L.bR SPCNT 
0101 ,JSD .ICI . 
010a EHDSP MOP 

IT IS IN C$UFFR} 

W 
W 

READ CODE 

GET THE L4CATION OF THE POINTER 

GET THE BLFFER ADDRESS AND SUM 
STORE THE POINTER ADDRESS 

SAVE THE ADDRESS 4F THE CID3 

SAVE ADDRESS TO STOKE M4L . UT, 
GET THE NUMBER 4F WORDS IN THIS SAC 

IF IT'S ZERO, THAT'S ALL 
SET END OF <Lr$a> FLAG 
YES - URiTE IT OUT 
IF NON-ZERO* THERE' S MORE 
THIS YS THE REL. ADDR* OF NEXT SPECTRUM 

ASCII SPECTRUM COUNT 



013 
0104 
01 05 
e1e6 
0107 
a16e 
Bias 
0110 
0111 
0118 
0113 
0114 
5115 
0116 
01 17 
0118 
0119 
0120 
01 21 
oiaa 
0123 
ed a4 
015 
51e6 
012'? WRIT'S 
01E8 
0129 
0130 
Oi3i 
013a 
0133 
0134 
e1 35 RETN5 
0136 
0137 

STARTING 
NEGATIVE 
SPECTRUM 

LDA MAYO 
CI"!A, IMA 
AIaA SPONT 
ASR, RS5 
CLA 
STA INDEX 
LDA I PT 
ADR Ml 
ADA C32 
ADp :M128 
SSA 
JMP ALLIM 
STA~ hIWDS 
LIAR INDEX 
SSA 
3MP READR 
J58 W'r"PY 
DEF SPOUT 
JAB WRTID 
DEF BIJFID 

GET THE 
MAKE IT 
ADD THE COUNT 

<INDEK SST TO 
<IhIDEX> SST TO 
GET THE POINTER 
DEcR~~T 
ADD ~ 
SUBTRACT 128 
ALL {I1~> IN THE 
'DES - PRINT IT 
+ MEANS PAR'S IN NEXT RtJF`FEi~ 

~'0 STARTING POINT T ` YET 7 
~!t? -- SKIP WRITING <ID> 

J~8 EXEC 
REF' RE't'f~S 
DEF RCODE 
DEF EFMP8 WRITE TO EFf'1P FIT. 
~F ~'NF~ME THE FILENAME IS "LIBf~" 
DES M1 BACKSPACE f~ RECORD 
DEF BUFFR 
REF ERRn0 
JAB ERM~ON 
LDA ENI~~= L 
SSA, RS5 A"1' END 4F LIBRARY ? 

SPECTRUM h10~ . 

~ AT START POINT 
NEG NO. BEFORE START 
RELATIVE ADDRESS 

BUFFER ? 

TWIG SECTOR HAS BEEN MODIFIED - WRITE IT BACK 



02 33 JMP ENDDD YES - PROCESS FOR PROG* END 
e139 READR JS8 EXEC NEED MORE - READ THE NEXT SECTOR 
01 40 DES RETN4 
01 41 DEF RCODE 
014 DEF EFMP6 
4143 UEF F'NAME 
014 bEF RGDM0 
0146 DEF BUFFR 
0146 pEF ERRNO 
0147 RETN4 JAB ERMON 
0148 LDA NEXPT 
0149 CPA oB200 WAS THE NEXT SPEC* AT THE LAST WORD ? 
0150 JSB BFAt3J PUT NO, WORDS NEXT SPEC IN BFRDD 
0151L ADA Mi28 
else STA YPr 
O1 S3 5TA N7' 
0154 LDP MaL.AD UPDATE THE STORE ADDRESS 
e1 ss ADR M 1 2$ 
0156 STA MIOLAb 
01s? LDA INDEX 
0158 SSA TO S'i'pRTII4G POINT YET ? 
0159 JM1' MXSpC NO - G0 FOR MORE 
X160 LDp MWnS 
o161 SSA NEED TO WRITS MORE ID ? 
Oi6e imp M}fSPC: Mfr - G0 FOR NEXT SPECTRUM 
0163 CCR 
0164 STa hIWDS YES - RESET THE FLAG 
016S JSB WTTY 
0166 DES BUF"FR FINISH WRITING <ID> AT START OF <BUFFR> 
e167 JsB LNcTR 
018 JMP MaLIN 
0169 ALLIN LDA INDEX STARTING FLAG 
e170 SSA 
01''i .SAP INCP'1` NO START 
t72 JS8 WT't'Y 

V 
F 



01'3 DEF SPOUT 
01?4 JSB WRTYD 
0175 DEF SUFIS . 
01?6 JSB LNGTR 
0177 MOLIN J5B WTTY 
41'~'13'. DEF I NPTM 
41'?9 JSB RD'f TY 
Q l8Q DEF I RTER 
43$1 QTR M4LWE 
0182 GLA 
0183 CL,B 
0184 ,3S8 . DYO . 
G1 ss bEF 4UTt9W 
0186 DEF F4RM'1' 
0187 IEF ENDMS 
X01$8 LDA MflLUE 
0189 JAB .10I . 
0190 ENDMS HOP 
0191 JsB WT"t'Y 
019a DEF OPTMW 
0193 J58 RDTTY 
0194 J58 I P 
0195 JSB L.MCTR 
01. SZp,RSS 
0i9?' . .1S8 LNC'Y'R 
X198 SZR,RSS 
0199 JMP M4LIN 
X250 LI7Ft MOi.41E 
OiR01 SZA,RSS 
e20ia JMP ENDIID 
0203 STA MOLAR, I 
0204 INCPT i.DA NEXPT 
eaes ETA I PT 

ADA M12$ 
eao? S5A 

CHECK THE LINE COUNTER 

WRITE A MESSAGE TO INPUT MOL* WT* 
READ FROM "SHE TTY 

INTERNAL CONVERSION TO Ascir 
CONVERTED NCB . L.OC. 

VALUE TO BE CONVERTED 

ECHO VALUE AND QUEST* VALIDITY 
FOR MO 1 FAR YES 

CHECK THE LIME COUNTER 
ECHOED VALUE OK ? 

NV - TRY IT AGAIN 
DIES 
IF ZERO ENTERED* QUIT 

IT WAS OIL - PUT IN THE BUFFER 
SST IMP FOR THE NEXT SPECTRUM 



0209 STS YpT 
ea10 Jim WRITE 
0211 

02131.M1 R I7OP 

0214 ISZ LNG`NT . 
0215 . LDR M33 
0216 ABA tN' 
0217 SZA 
0218 Ji"IP ~ LNCTR,, l . 
021.51 FNLOP JS8 WT"t'Y 
0220 DEF MbCPY 
0221 MaLS'T JSB WTTY 

~ DEF CLRSC 
0223 ALA 
0224 STS LNCMT 
ea2s LD8 FINAL 

a7GriT > RSS 
JMP NXSPC 

0seg JMP MXBAS 
0229 JMP LMCTR, I 

ENDDD cLB, iNg 
0231 STB FINAL 
023 GLA 
0E33 CPA LNGN1' 
0234 JMP NaLST 
023S JMP F'hlL4P 
~z3s 
023? BFADJ MOP 
023$ STA TEMPI 
0239 LDA I PT-8 
0240 5TA IIFRDD 
0241 LDA TEMP 1 

JMP $FADJ, I 

r 

F 
4 
I 

4 

GO DO SAME MORE 

SAVE THE A REGISTER 
GET VALUE CONTAINED IN LAST WORD <BUFFR> 
STORE IT IN tJORb p'REGEEDTNG <BUF'FR3 
RESTORE THE A REGISTER 
RETURN 

INCREMENT THE LINE COt.'ER 

33 LINES WRITTEN ? 
NO RETURN 
YES - TURN 41! HARbOOPY UNIT 

CLEAR THE SCREEN 

CLEAR THE LINE COUNTER 
AT END OF LIBRARY 

COMPARE WITH LIMA COLINTER - IF 4 
THEN NO HARDCOPY 
PRINT THE LAST PAGE 



8323 
0384 
035 
X386 
0327 
0388 -
0389 
0390 
0391 
0392 
0393 
0394 
039S 
e39S 
0397 
s3s$ 
0399 
0400 
e401 
0402 
0403 
0404 
0405 
0406 
0407 
X408 
0409 
0410 
0411 
041 
0413 
0j414 
0415 
04 16 
0417 

ERMON N4P . 0-1ECK FOR ERRORS IN EFMP CALL 
L.DR ERRhiO GET ERROR TYPE N4. 
SZA,RSS 
.3t''IP ERMONr I 
GLA 
GLB 
Js8 
DEF ERR4i' 
DEF FRMT 
bEF EST4P 
I.DA ERRNO 
JsB *101, 

EsraP yap 
JsD WrrY 
DEF ERR4P 
.TSB EXEC 
DES' *+2 
REF EFi"iP6 
1qaP 

WRITE THE ERROR MESSAGS 
EXEC PROGRAM TERMINATION 

OCT 0 
ASS 8, PROGRAM HALT 
OCT 0 
CSC 2f t ICS F'RMT 

5TMSG OCT 1S437 
OCT 1 X41 4 
OCT 6412 

STATEMENTS 243 THROUGH 385 ARE SUBROUTINES " BITTY " AND 'RDTTY' 
TFIXTYPN SUPPORT ROUTINES COPIED FROM GC/YS SOFTWARE . ~ THIS 
CODING IS PROTECTED BY AGREEMENT BETWEEN E .I .DU PONT CO . AMD 
THIS UNIVERSITY OF TEXAS, 

IF ZERO RETURN 

SET LIP FOR INTERNAL CONMRSION 
ERROR OUTPUT BUFFER 

E4P 

WORK AREA FOR PROGRAM 



0418 OCT 641;R 
0419 HSC 17, THIS PROGRAM ALLOWS ENTRY OF THE 
0420 ABC 14,MOLEGULRR ~ WEIGH-i'r' IN GPI 

<0421 OCT 612 
0422 ' ASC 1S,,GIVE THE STARTING SPECTRUM NO-6 
4423t?CT 

64120424 ASC 14, ., 9999 FOR PROGRAM HALT, 
045 OCT 6412 
0426 OCT 0 
042? FINAL OCT 0 FLAG A1' END 4F LIBRARY 
0428 MA4 OCT 0 ARCH PARAMETER 
0429 aGODE OCT 30 EFMP TYPE EXEC CALLS 
0430 EFMPi OCT 1 DEFINE FILES 
0431 OPNTB B55 128 OPENED FILES TABLE 
043 2 OPtiSZ DEC 128 
0433 N4TRB DEC 1 NO . OF TEMP* RECD . $lFFERS 
0434 DEC I 
e435 TRBSZ DEC 1Q 
0436 TRBIJF BSS 128 
0437 ERRH4 BSS 1 L4C. FOR ERROR NUMBER 
0438 EFMF'4 OCT 4 OPEN FILES 
0439 FNAl"!E ASS 3, LY$R 
0440 PAKNa IBC i f i 
0441 RcnN0 DEC 0 SEQUENTIAL ACCESS 

scam DEC 0 SECURITY CODE 
e443 
0444 CLRSc OCT 15437 CLEAR THE SCREEN - 
0445 ACT 1S414 
0446 DEC 0 
044? ~k 
0448 IPli'TM OCT 6412 
0449 ASC 1OoGI UE Mat " UT, t 0RSTOP a 
0450 OCT 0 
0463 CRL.F OCT 6412 CARRIAGE RETURN /LIHE-+EED 
045s'3 OCT 0 

F 
l 

a 



Labpe 

tratpe 
C8" 
28" 
Z8*0 
08" 

Wre 
Wro 

SL" 
bLire 

24" 
Z~tro 
04" 
63" 
89i~e 

0 
9str0 

E~tr~ 
29bo 
T9bO 
0~fro 
FSt~e 
3sbo 
Lave 
gstpe 
5'Stra 
bsb4 
Esbe 

SIC 

L4i .LSO OHn4 
0b .LSO eco 
0 .t04 3t"1'I4W 
0 loo 2dW3l 
0 .L0p TdW3.L 
T .LSO BdLJJ3 
0 130 Wine 
T- 100 ZW 
0 loo Qv'1(3W 

42irS t 130 AdOttH 
EE- 03Q ceW 

t bI f *e osk3 .LWNOJ 
0 130 

t 2314 0 
n T oSv 

t oSv mW.Lrlo 
y `2 OSV MWIdO 

Q .LSO X3aNI 
82Z- 33d 82TW 
66se 03d ~ON.LX3 

0 .L00 .LdX3N 
0 .L00 SQmN 
o .I.oo Qv3n$ 

'~--ufl$ J3CI VJzlnH 
t .L04 .LdI 
0 100 

seT Sse Njii1s 
e .Loo Qavjs 
9 104 9dW-13 
0 .L00 .LNodS 
0 loo .LNom .1M .1.hllNd 2K3.d N3.1.1- .MO 3hil'1 

f*daf1;8 

na Ni Qi ~*.t. ~o ssaaatab 

M3441'l'8 W1 *IM *10W JO SS3daCIV 

svoV v No V 3q.7 HI WHOM *ON MOA 9001Y 

' 230103a d Qu3m 



042 
0489 
0490 
0491 
0492 
0493 
0494 
4435 
0496 
049? 
0498 
0499 
e50-02 
0501 
esea 
0503 
0504 
oses 
oses 
0507 
ose$ 
OS09 
0510 
X511 
osiia 
X513 
OS14 
os15 
es16 
e51? 
esig 
esig 
0520 
0521 
0622 

IF''1'ER IMP 
J58 WTTY - . WRITE ~ ERROR MESSAGE 
DEF IPMSG * L00* OF THE MESSAGE 
L.UA IPTRA,, l GET THE RETURN ADDRESS 

WrarzD NoP 
ALLO(Js USE OF <IJTTY> INDIRECT 

F 

a 

LnR wRriD,l 
sTA ins 
ISZ WR'PII? 
LISA JBlJFF 
S't'A I NBFF 

MORID LDA YDAb,I 
LISA As I 
ETA I hIBFF*I 
rSz YNBFF 
ISZ IDAD,I 
S2p 
,JMP MC+RID 
JSB WTTY 
DEF INBUF WRITE OUT THE ID 

hlQi' '. 
ApA M i . 
ALA Mi 
S'TA IPTER SET UP TO TRY AGAIN 
JMP IPTER,I 

IP'1`RA DEF ~IPTER 
I PMSG . OCT 641a ORiLF 

ASC 13, INPUT ERROR - TRY AGAIN 
OCT 0 

SAVE THE <ID> ADDRESS 
SET LIP FOR RETURN 

TRANSFER THE ID 



9rT,n 3 
0524 Iht8S5 32 

2S OCT 0 
OS26 MAD OCT 0 
01527 JRLlFF DEEF IMBUF 
41Sc`$ IHBFF 4GT Q . 
0S29 
0630 SPOUT ASC 3* 
O531~ OCT 0 
0532 END M4LUT 
**~ LIST END 

w 



APPENDIX II 

PROGRAM EXECUTION OUTPUT 

A . A Representative Sequential Listing of Entries in the Mass Spectral 
Library . 

B. A Representative Listing of Entries in the Mass Spectral Library 
` According to the Mass of the Base Peaks . 

C . A Partial Listing of Entries in the Mass Spectral Library According 
to the Mass of Significant Peaks . 



A REPRESENTATIVE SEQUENTIAL LISTING OF ENTRIES 
IN THE MASS SPECTRAL LIBRARY 

13-7U 

APPENDIX II 



1 BLR--0001 
2 $LR-000 
3 EtrFt--000 
4 RL.R-0004 

BLR-0005 
Br..R-0006 

8 BLR-0008 
BL.R--00fb9 

10 BL.R-0010 
11 ~Li~-~~di 1 
12- $LR--0012 
13 BL.R-0013 
14 $iP,-0014 
15 BLR--0015 
1 C , BLR-0016 
1'? BLFt-0017 
i$ BLR--0018 
19 BLR-0019 
20 BLit-0020 
21 BW_-0021 

22 BLR--022 
23 BL.R--0023 
24 SLR-0024 
85 BLR--005 
8S BLR-006 
L? SLR-002? 
28 sLR-0028 

w 

PAGE s 

Gf:/MS MASS SPECTRAL LIBRARY LISTING 

X501 MEPERIDINE 
E541 NOR-MEPERIDINE 
2SOi MEPERIDINIC ACID METHYL ESTER 
2502 NOR-MEPERYDIhtIC ACID TMS ESTER 
25Oa MEPERIDINIO ACID TMS ESTER 
2602 NOR-MEpERiD2MYC ACID TM5 ESTER N-TMs iERithATit,E 
25 03 NOR--MEPEF2IDINIG ACID ETHYL ESTER N-TMS DERIVATIVE 
25O3 NOR-MEPERIDINIC ACID METHYL ESTER 
X503 ACE'fOPWENETYnIN 
2Sfd4 ACETAMINOPHEN ~'"!E'THYL ESTER 
2504 ACETAMINOPHEN TMS ESTER 
2s05 ACETAMINOPHEN QLIJCURbNI DE METHYL ESTER TMS ETHER 
250 IMDOMETHACIN METHYL ESTER 
We6 IhIDOMETHACTM TM3 ESTER 
2606 4-ciALORoDENZa Ic ACID METHYL ESTER (FROM INDOMETHAC 
R5e6 4--CWLOROBErrZoIc Acts TMs ESTER (FROM Yr~Dor~E-~rACZN 
X06 2-METHYL-~S--METI~rtYIP1II4LE~-3-AGE7'I~~ ACID ME ESTER t F 
2507 i,2-bIME'f'NYL-6--ME'r'HOkYINnC1LE-3--ACE'fIG ACID ME ESTE 
8507 1-(4-CHLOR4BENZQYL )-a-ME'1'I-tYL"S--TMSO-IMDOLE-3-ACETI 
2507 1-(4-CHL4RO$EN20yL )-2--MATHYL-S--TMSa-INDOLE-3-ACE7'I 
C508 2-METHYL-S-ME'i'NbKYINriOLE--3-ACETIC ACID 'PMS ESTER t 
2608 CtOFIBRATE 
2sOs 2- (4--CHL4R4PHEh14XY)--2--METNYLPRGPioNrC ACID TMS EST 
2SOB 2- t 4--CMLORdPHENOXY 1-iS-(}IETHYLPROPIQMIC ACID ME ER'I'E 
BS0g OZOFYBRATE GLUOUFt4NYaE MEETNYL ESTER TMS ETHER 
2S09 PROPYLPARABEM METHYL ETHER 
2509 PROPYLPARpBEM THIS ETHER 
2510 SALICYLIC ACID METHYL ESTER Tf'1S ETHER 



A PARTIAL LISTING, THROUGH MASS 20, 0F 
ENTRIES TN TAE MASS SPECTRAL LIBRARY ACCORDING 

TO THE MASS OF SIGNIFICANT PEAKS 

1J-J4 

APPENDIX II 

C 



SASE PEAK 

r 

THE FOLLOWING SPECTRA HAVE A PRaI''1INpNT PEAK AT ' 13 t X a BASS PEAK) 

6088 API--1345 167a 8,g,10,17.-TETRAHYDR4NAPHTH0(2, i-8 )Tft3ANAPNTHENE 

I-~ W 46a* LRi.-0034 0009 KE'CE
0 LRL-0033 0011 HYDRAZaIC ACID tAZ4IMIDE 

478 API-0760 0012 ETHYLENE OXIDE (GAS ) 
?'S1 GCO-0035 0066 BETA-PR4PIOLACTONE 
1854 API-0773 033 METHYL CHLEtiR4ACETATE (GAS) 
2449 DEW--22S? 0492 ACETYL BROMIDE 
3236 M4R-OiI.3 0713 METHYL N100TINATE 
5664 A5T-1935 iq9B GLYCOL DIMERCAPTQACETfiTE 
5665 C4C-135 1493 GLYCOL DIMERCAPTOAGETATE 
6873 MaR-O168 1575 FARNEsoL 

r nG. r Uut.uW iiim Z)-t"Ck-: + KFI "HYCL H t''KV['!11`IHMI t'tifJ1C R 

5232_ LRL--0612 00S1 CARBON SUROXIDE 

1~ t ~ 

THE FOLLOWING SPECTRA HAVE A PRaMIMANT PEAK AT 14 t * " SASE PEAK) 



TNT FOLLOWING SPECTRA HAVE A Pf24MINANT PEAK AT 15 ( * m BASE P) 

2645 D I f'IETHYLSUi.PHONE 
0001 METHANE(GAS) 

1 METHANE(GAS) 
0001 METHANE (GAS) 
X001 METHANE 
001 1 HYDRAZaIc ACID (AZOIMIDE) 
0011 ETHYLENE IMIME ( GAS 
0012 ETHYLENE OXIDE (GAS) 
001 ACETALDEHYDE 
001a ETHYLENE OXIDE 
0016 DIMETHYL ETHER (GAS) 
0018 CWL4R4METHAME CMETHYL CHLO?IDE1 t GAS 1 
0027 N-METWYLETHYLENIMINE CGAS 1 
0028 t, a-EPOXYFR0PANEt PRdPYL.EhtE OXIDE) (GAS) 
0029 VINYL METHYL ETHER 
0030 B-P'ROPAMONE (ACETO'+IE )(GAv ) 
0031 AZDMETHANE 
003 ACETAMIAE (ETHAhIAMYx?E0034 

'FRI ME'fHYLAMINE CGAS ) 
0038 METHYL ETHYL E'T'HER (GAS) 
004e l, i-nIMETHYL HYDRAZINE 
0041 NITRQMETHANE ( GAS ) 
004 DIl"iETHYL PEROXIDE ACAS 
0049 METHYL-M, N-DIFLUdROAMINE 
006 BETA-PROpY4LACfiOI`E 
0066 VINYL FORMATE 
0067 PYRtJUALDEHYDE 
0067 PYRUVALDEWYDE 
0067 METHYL VINYL CARBINOL 

402* MIT-0207 
403 API-0110 
404 API-0060 
405 API-0001 

DOW406 --Oee3 
470 LRL-0033 
471 APT-0763 
478 API-0760 

3. IOW-239 
482 DOW-0240 
606 API-0761 
X16 API-008$ 
560 API-1141 
564 API-0768 
a?3* LRL-a047 
S76 API-085 
X81 * Lit.-909 
S92 GRC-0028 
S9'? APT-1127 
617 API-0770 
631 GIG-001 
E34 API-0836 
649 API-0762 
676* ARI-1874 
751, GM-Oe35 
753 SCL-0013 
?5F DOU--E602 
?5? MAR--0OO5 
759 ACT-0J02 

I-' 
W 
1 



i 
0068 ETHYL E7'HEWL E'1'HER(E'r'HYL VINYL ETHER) (GAS) 
00?4 FORMALDEHYDE DIMETWL HYDRAZONE 
00?6 ME1'!-IYLTH I OCYANAT~ 
00?6 M,N-DIMETHwLFORMAMIDE t1 
00$0 GLYCI DOL 
O4Sa METHYL ISOPROPYL ETHER (GAS) 
008? TRIMETHYL HYDRAZINE 
0094 2-I++IETNOXY--I-ETHANQi. C ETHYLE`h!E GLYCOL M4NOME'L ETH 
0095 DIMETHOXYMETHpNE tDIMETWL FORMAL) (GAS) 
0097 ACETYL CHLORIDE 
0097 ACETYL CHLORIDE 
009? CHLOROAGETALDEHYDE 
0098 DI1"E'r'HYL $ULFOXIDE 
0105 CHLOROMETHYL ETHER 
0106 ME'FWYLMALONONI7'RILE 
0109 ETHYL-N,N-LiIFLlJ4ROAMINE 
0121 METHYL ISOPROPEhiYL. KET'OhiE 
0122 CIS-METHYL PRQPEhIYL KET4NE 
0124 ACETpL.IyAZINE (GAS) 
0131 ACETONE CYANOHYDRIN 
0132 N-ME'!'HYLPYRROLIDINE 
0134 2, 3-DU't'AhIEDI0NE CDIACETYL y (GfiS ) 
X135 BUTADIENE DIOXIDE 
0137 METHYL 8-PRbPENOATEt ME7HYL, ACMATEy (GRS ) 
0140 ETHENYL ISOPROPYL ETHfRCtjIh1Y'[. YSOPRaPYL ETHtR)(t3AA 
siS! NoNyDIMETHYLACETAMIDE 
X151 N,MTDIMETHYLACETAMIDE 
Oi53 CYCLIC ETHYLENE CARBONATE 
0154 PYRUUIG ACID 
0iS4 ETHYLENE CARBONATE 
X156 ALD4L 

761 API-0779 
?92 LRL.-0030 
799 GCC-0041 
801 API--f i33 
81? DOT-0158 
829 API-0781 
S54 LRL-0045 
881 API-0771 
8$5 API-1 
$96 ACC--00 10 
$97 DOU-14x6 
898 GCC-0030 
902 ARC-0019 
932 LRL~0;016 
938 GRC-0038 
948 API-187S 
100 LfrtL-0e36 
1005 SST-121 
1016 API-0794 
1045 SOS-0019 
106 Iti14R--0086 
1058 AF'I-0782 
1063 1COf'-0e1 S 
1068 API-0783 
108 API-0796 
1129 GDC--0004 
1131 AST-1218 
1140 DQU-13s2 
114a MOR-001 0 
1143 DOT--0130 
1i54 DOW-2345 

w 
V 



AGETOYN 
ETHYL CARDAMATE URETHANE) 
3-I'''E'TM4XY PROPYLRMINE 
METHYL CARBONATE (GAS) 
DIMETHYL CARBONATE 
DIETHYL PEROXIDE (GAS) 
i*1-nzrIETHaxYETHAME (IIIMETHYt. , ACETAt ) 
f , B-DIMETWOXYETHAME E ETHYLEhIE GLYCOL 
f , 1 -D I METHOXYETi-tANE (DII'ETHYL. ACETAL 
METHYL BROMIDE 
$RQM0METHANE 
DII'IETWYL5U4PHOME 
B,5 DIMETHYLFURAN 
e, s-nY MMwLFuRAM (GAS) 
METHYL CYANOACETATE 
N,Ni-DIMETHYL ACRYL.AtMIDE 
M-ETHYL AC2VLAMIDE 
2--ME'1'HYLPYRROI.ID4NE 
2, 3-f'ENTANEDIaNE 
4-METHYL-8-PENTAMOhtE 
IS48UTYL VINYL ETHER 
2--METHOXYETHYL ETHENYL ETHER 
2-METMOX5IETHYL VINYL ETHER 
METHYL ISO-BUTYRATE 
METHYL HYDRACRYLATE 
8, c-DI METHOXYPRdPA1ME 

1173 RIE-0612 016 
1227 OVA-0004 e17B 
130 OYA-0004 0173 
1237* API--763 0174 
1238 DOW-1318 0175 
1256 API--0784 0179 
x.258 AP I-i I13 01?9 
1265 API-115 0181 
1269 API-1090 0182 
1321* MOR--074 Oi 95 
1322 DOU-422 0195 
1329* ASS'-1653 0197 
1366 Y\!Y^^0Y05 0206 

168 API--0815 0a0S 
1 490 DOS-002g 0240 
1491 CSC-0!013 O240 
149 GBC-0011 0240 
193 MaR-021 0241 
157 MQR-0091 0249 
1529 COC--484 0M 

3 coc--4560 e251 
1614 API-081 0271 
1624 DEW-i343 073 
1631 DOT-OO27 Sa75 
171S GRC-0007 095 
17S8 AST-0021 0307 
1761 LRL-0eB1 0307 
1809 MOR-eO93 0319 
1854 pP'I-0773 0332 
1900 M4R-0095 044 
1911 AST-1143 0348 

(GAS) 

(r 
1 

0 

TRIME'i'HYL OR1'H0F0RP1ATS 
METHYL CHLaROACETATE (GAS ) 
E--METH4XYPYRIDIhiE 
DIMETHYL SULFITE 

i5 

(GAS) 

B,2-DIMETHOXYPRdPAME (ACETONE DIMIETHYL ACETAtY 



0348 3-CHt4RQ-1, 2-PRdPANEbIOL 
0379 ACETONE AZIME (KETA2YhE ) (GAS) 
0424 TERT-BUTYL ACETATE 

4-WYDROXY-4--METHYL.-2--PEMRNOh1E 
042'? AMYL FORMATE 
e479 TRIME'THYL OR1'HOACE'I"RTE 
0492 ACETYL BROMIDE 
0493 ACETYL BROMIDE 
0501 2-F"URANACR4LEIM 
0503 P-ORESYLMETHYL ETHER 
0516 DIMETHYL CHL4R4ACETAL 
0518 M-METaXYPWEN4L 
O526 i,. t-DICHLOROPROPANOhtE 
052? METHYL SULFATE 
0538 METHYL. SORBATE 
X538 METHYL SOR$pTE 
049 DICHLOROACETIC ACID 
057 METHYL S-HEXEN4ATE 
OSS9 METHYL HEX-e-ENOATE 
0560 METHYL 3-HEXEhIOA1'E 
0561 METHYL 4--HEKENQATEt CIS ) 
0561 METHYL 4-HEXENOATE 
X561 METHYL 2--HEXENOAr£ 
0594 METHYL HEXANOATE 
0595 MkTHYLHEXANOATE 
0595 METHYL CAPROATE 
4163 METHYL ISONEXANOATE 
0613 3-DIE7'HYLAMYNO PROPYL AMINE 
0621 DII''E1'HYL MALOMaTE 
0686 1 *3, 3--TRIMETHOXYPRaPENE 
X658 DI S-- ( B-METHOXYETHYL )ETHER 

191 D46t-4121 
201' RP I-1154 
2186 AST-01 23 
2386 API-1149 
219S MOR-0101 
a40i DOT-01 45 
2449 DOW-57 
24SO ARC-0020 
247 GCC-0037 
2485 MOR-078 
2629 GCC-0028 
2S35 M4R-0108 
25G5* D05-064 
as6G* ccc-oo2s 
ag0i SIK-2045 
2602 AS'i'-0911 
2638 DOS-007i 
2666 SIK-2004 
a674 AST-Q912 
2677 SIlC-E001 
P.679 SIK--203 
2680 SIK-2002 
2681 SIK-O 
2808 GUR-1937 
E$e9 fiST-1937 
aSi t M0R-0111 
2843 WUR-1766 
a884 CYA--0015 
2907* ARC-0003 
2928 DOT-0096 
303 API-115O 

tDtACET4NE ALCOHOL) 

(r 
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15 
0713 METHYL NICOTINATE 
872 VXWLCYCLOHEXENE DIOXIDE 
0?33 2, 6-D I METHOKYPYR t B INE 
8?44 FURFIJRYL ACETATE ' 
0?S'? METHYL D ICHLOROAE:ETA'i'E 
0880 D I IYiETMYL 5UCCI NATO 
0881 BEMZYL ACETATE 
0883 i-P-IEMOXY--2-PRAPAMOME 
0900 METHYL 8R4M4pCETA7'E 
0905 VAMILLIM 
0931 METHYL E--OCTYhiOATE (METHYL HEPTYNE CARBONATE 
0961 METHYL. 4-METWYLCYCLQHEXRNECMSQXYLATE 
0992 METHYL CAPRYLATE 
1001 i, I,1-TRICHL.QRQ-PRpPANdl+E 
100? DI1''ETWYL GLUTARpTE 
1041 METHYL QRTHd N-VALERA7'E 
1041 TRIETHYL OiIdACE1`ATE 
1008 EUGENOL 
1082 3, 4-DIMETHOXY BEN2pLDEHYDE 
i l i 0 . ME'1`HYL a-N0NYNOATE t METWL OGTCARBdNATE a 
1121 METHYL ALFA*BETA-DICHLOROISOBUTYRATE 
1173 DIMETHYL HEXAME-i, 6--DIOATE (GAS) 
11'3 DIME'i"HYL ALFA-METHYL GLUTARATE 
1174 METHYL HEXANE-lpS-DIOATE 
i175 i,6-DIM£TWYL HExANEDIOATE 
11$7' ME'T'HYL Ti?ICHLORt7ACETATE 
1203 BIS-t 2TMETH+OXYE'1'HYL 1 CARBONATE 
140 1, 2-DI SROMdPROPANE 
142? DIMETHYL SLIBERATE 
1464 METFIaXYTRIGLYC4L ACETATE 
147 3-METHYL-i-(2,4, 6-TRIMETHYLPHENYL)--i--BliTANQL 

3235 f"10R-0113 
3262 1'7OR-0114 
330 MOFt--Oi 15 
338 DIE-059S 
338S MOR-O0J7 
3808 ARC-0002 
3803 AST-0932 
3814 API 
3877 DOW- 1949 
3893 MOR-0123 
3979 MOR-0126 
43. ASS'-184 
4193 MCR-0132 
4M3* naT--e188 

UPI-100 
4350 DOT-0073 
43Si M4R-0080 
4415 MOR-138 
4475 MOR-0142 
453 Mt3R--0143 
4588 AST-1246 
4754* API-197 
4755 USI-iJOi 
475? RYS-0030 
4762* API-1396 
483 DOS-0090 
48S3 DO'T-0071 
5443 DOW-0518 
S498 usz--1903 
S591 MOR-01S8 
S609 COC-0683 

w 
0 
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1 492 GLYCOL DIMERCAPTOACETATE 
1493 GLYCOL DIMERCAPTOACETATE 
1539 D IMETHYI. A?.ELATE 
1637 DIMEYHYL ALFA-ETFiY1. vUDERATE 
1643 l :l, l-TRIMETHOXY-2-CHL4R4--B-HR4PIO-ETHAME 

a664 AST- i93S 
666 5 C4C-193S 
5785 USI-1904 
6008 BSI-1906 
6023 DOW--4692 

w 



THE FOLLOWING SPECTRA HAVE A Pi?OMINFIN't' PEAK 14T 16 t * a BASE PEAK) 

0W1 METHANE(GAS) 
0001 METHANE WAS) 
0001 METHANE (GAS) 
0001 METHANE 
0001 AMMONIA(GAS) 
0001 MOMODEUTER4METHpNE (GAS) 
0002 D I nEUTEROMETHAh1E (GAS) 
0e07 HYDRAZINE 
0007 HYDRAZINE (GAS) 
0019 OXYGEN DIFLUORIDE 
e047 l. s-nIFLU0RaETHYLENE-a, 2-DB 
0100 AMMONIUM CARBAMATE 
0233 SILICON TETRAFLtJ4RIDE 
0408 GIG-2,S-DI(qETHYLPIPERAZIhE 
0713 METHYL NICQTYNATE 
2222 METHYL GREEN 

403* API-01 10 
40.4* API-0060 
40S* API-0001 
406* DOW-OOe3 
40'? API-090 
408 API-04S8 
411 API-045? 
44S R4O-0001 
446 API-211 
S24 ROO-Oft3 
666 DOW--194 
910 LRL-ft03 
1705 DOW-2017 
2129 APi-1659 
3235 MQR-011 
6996 ARC-0e5i W 

N 
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efta. AMMONIA(GAS) 
0001 M4h1ODEUTEROMETHaNE 
0002 b Y DEUTEROMETHAME (GAS) 
0002 TRIDEUTERaI"tETHAME (GAS) 
000? HYDRAZINE 
0007 HYDRAZINE (GAS) 
010e AMMONIUM CARBAMATE 
0154 ETWLENE CARBONATE 
0198 3-GHLORa-1-PR4PAMOL 
0293 SILICON TETRAFLUORIDE 
040$ CYO-2,S-bli+ETHYLPIPERAZIhIE 
0447 SUCCINIC ACID 
058$ ALPHAHYDRaXYADIPALTIEHYDE 
0881 REf4ZYL ACETATE 
222B METHYL GREEN 

407* API-0090 
408* API-0u1SS 
410 API-0457 
411 AP I -04SS 
44S ROG-090i 
446 API-1110 
gift LRL-0003 
1143 DOT-0130 
1332 ICOP-0017 
17e5 DaW-2ei7 
i2la9* API-1559 
2277 ARC-003 
2784* SOW-2348 
3803 AST-0932 

c-Oesl 
W 
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18 c * a BASS PEAK) 

409* DOW-OB32 0001 WATER 
410* API-0457 8002 D I DEIYTEFtOMETHPtME (GAS) 
411 API-04S6 0002 TRiDEUTEROMETNtAhtE 

(4 12 AP I -002 TETRADElJTEROMEThIANE (GAS) 
428* .D0U-0234 0004 FORMALDEHYDE 
452 DOW-1051 0008 ME7'HAM-D3-4i. 
488 GRC--003S 0013 FORMAMY DE (METHANAMIDE) 
498 D(3U-02A2 0015 FORMIC ACID 
S37 DOW-0244 0022 pCR4LEI N 
558* DOT-0021 OOa6 GLYCbLONITR3LE 
562* DOW-2719 0027 GLY4XAL 
631 ADC-000i 0040 f ,1--DI METHYL HYDRAZINE 
636* DOS-0003 0041 ETHANdLAMINE 
?5G DOW-260P. 0067 PYRLJVALDEHYDE 
759 AST-902 0067 METHYL VINYL CARBINOL 
786 SIK-1226 00?3 TRANS-C-gUTEM-I-QL 
81? DST-0158 0080 GLyCIDOL 
864 1..RL--O045 008? TRIMETHYL HYDRAZINE 
860* DOS-000? 00$9 i-AMINO-2-PR4PANOL 
$61 DOS-S 0089 2-AMINO-i-PRQPANdL 
$7O* DOW-B'71$ 0091 aLYCOLIG ACID 
88? MOR-000? 0095 PROPYLENE GLYCOL 
B99* DOS-0012 009$ FLUOR4ACETIG ACID 
M7* D44l-387 0104 HYDROGEN BROMIDE 
1143* bb'("-0130 eis4 ETHYLENE CARBONATE 
1154 DOW--234a 01SS ALaOL 
11S?* DOT-0132 0157 pLDOL 
1230 GYA-0004 01?3 3-METH4XY PR4PYLAMINE 
ta33* DOS-008a X173 2-AMINO-i-BUTaNOL . 

w 
4-'- 
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0174 OMLIC ACID 
0i?G LACTIC ACID 
0182 i,,a-BUTANEriIOL 
0188 GLYCEROL 
0198 3--ChlLOR4-i-PR4PL 
Oa46 Gi.U'1'ARALDEMYDE 
08?4 TRIMETWYLAGETIC ACID CPIVRLYG ACID ) 
0293 2-CHZOROCR4TOMALDEH'YDE 
0296 ETFIOXYACETIC ACID 
0313 AIETHAMOL.AMINE 
0334 DEUTERATED MALONIC ACID 
0341 B--MINO-3"I"ETWYLPYRIDIM 
03S3 blME't'HYi. (VINYL-ETHINYL ) CARBINOL 
0394 TRIFLUOROACETIO ACID 
0397 2-HYDR4?tYGYGL4hfEXAhldhlE 
0416 MALEIC ACID 
0416 MAT.E1C ACID 
0440 E, 4-DIAMINO-2--METHYLPENTRNE 
0447 SUCCIMIC ACID 
0447 SUCCYMIC ACID 
0488 $ENZflLDFHYDE QXIME 

. 05 1 3 2, 4-DI METHYL--3-ETHYLPti'RROLE (GAS) 
0520 0-HYDROXYDENZYL ALCOHOL 
X520 P-HYDROXYHENZYL ALCOHOL 
0550 2+3--pICHLORt3PRQPpN4L-L 
X559 2 CHYDR4XYMETHYL )CYCtOHEKANONE 
O5gB L*-AMINO-6-M7'NYLHEp1'ANE 
S588 ALPHAHYDROXYpbIPALnEHYI}E 
0683 2--METHYL--3, 4+D=HYDROXYTETRANYDRflPYRAN 
0743 hIOMADIENOL 
07S? B, Lk-DICHLOROPROPIOhtI C ACID 

1235 IDOW-1 990 
143 MOR-001 i 
1269 GDO-0008 
1293 MAR--0012 
1332* KaP-0017 
1515* DOW--2067 
1689 DOT-0160 
1707 DOW-8477 
1718 DST-015 
1783 ARC-0007 
1864 GRO-0006 
1890* DOS-0043 
1931 SCLY0002 
2070 DQS-00S3 
2079 DOU-4526 
2158 DOU-5059 
Ri7.7* ARC-0022 
2251 SCL-0012 
2276 D4U--22 
2277* -932 
2433* D4S--0058 
2519 API-1349 
2540 -aS53 
8542* DOU-543 
2643 DOS-0070 
2672 D4W-4S70 
2764 ARC-0049 
8784 DaW-2348 
2918 DQw-1665 
33SS SIK--1080 
3384 DEW-054 

H 
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0?90 a-I-YDROXYCYCLOHEXAMECARBOKYt.IG ACID 
0845 i , 3--Bi 5 (D Y METHYLAMY hia )-2-PR4PANot 
081 BENZYL ACETATE 
e903 xSavAMILtzN 
0905 VANILLIN 
0920 2-DIETHYLAMINOETHANOL HYDROCHLORIDE 
09$6 N-HEXYL PROPIONATE 
0995 1-DECpNaL . 
1054 CHLORAL HYDRATE 
1076 A-BROMOBUTYRIC ACID 
10?9 IS4PWTHALIC ACID 
10?9 TEREPHTHALIG ACID 
1079 pHTMALIC ACID 
1110 METHYL 2-NoNYNoATE (METHYL ocrCARBONATE) 
1150 N-HEPTYL PROPIONATE 
1 X56 2-METMYLBUTYL IS4PENTt4N4ATE 
1161 1-t,fNDECAhIOL 
16E 4-RENZYLPHENQL 
1279 t, B-BIS (2-CHLOROETHOXY) ETHANE 
iMi 4-PHENYLPY'ROCATECHOL 
12951 DIETHYL DIMETHYLMALOMATE 
1300 DIETHYL DIMETHYLMALaNATE . 
M51 METHYL AR-(a-HYDROXYETHYL)PHEMYLACETATE 
13?0 2-HYUROXY-5-ISOPROPYL M-kYt.EME-A, R DIOL 
1384 i *3--DICHLOROTETRAFLUOR4pCETOhIE 
142 METHYL 4-METHYLHEPTANE-i.?-DI4RTE 
1460 a-BROMOhlAPH7'HALEME 
i49a GLYCOL DIMERCpPT'oACETATE 
149 GLYCOL DIMERCAPTQAGETATE 
1433 t, B, 4-BEMZENETRICARBOXYLIC ACID 
149$ S--SEC-BUTYL-2-HYDRC?MY-M-XYLEhIE-Ai.PNA, ALPHAPRIM 

349 D41J-2738 
3635* DOS-008 1 
3803* AST-0932 
38 SIIC-5049 
3893 MOR-123 
394S* DOW-4 
4170 WLIR-1819 
424 91K-8054 
4389* DOW-1482 
4464 DOW-175 
4463* DOW-1850 
4464* DOW-190a 
44E6 DC}LJ-4S60 
4653 MOR-0143 
4¬79 WUR-1823 
4699 WUR-18M 
4?19* SIK-MSS 

H DOW-2479 
508 DOT-019$ 
585 Ddb-Y1975 
Si42 WUR-1835 
S143 AST-1835 
5280 DOW-517 
5330* D4tJ-4046 
5369* DOT-023 
SM RYS-003S 
5SM DOlJ-284 
5664 AST-193 
Sass me-1935 
5666* DOW-184 
5S?$* DOW-4048 

I-' 
W 

1 
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1540 aoS-D ICYCLOPENTYL.IDEME-I-CWLTA(GAS) 
1556 3.4--DICMLOROi'NEN4kY ACETIC ACID 
1S8O HIS--TRANS-FARNESOL 
i594 D I$ENZOYL,ME:TNAME 
1626 METHYL H-TRIDECAMOATE 
163 io2-TETRADECANEDI4L 
153 ALPHA- (2 . 4-D ICHLQRbPHENOKY )PRORIONIG ACED 
171 ETHYL 4, 4-DIMETWYLHEP7'ANE--1,?-~DIOATE 
1767 GAMMA-PALMIT4LaCTONE 
1767 GAMMA-PALMITaLacraME 
1$36 OGTpDECAN4L 
1857 9,12--4GTAI?ECRDIENQIC ACID (LIhIaLEIC ACID) 
1862 GAMMA--51`EARaLACTOhIE 
i$s0 a--HExaDEcYtroXYErHANoL 
1900 METHYL STEARATE 
1906 i-HEXA1?ECYLdkY-2TPROPpNOL 
1931 METHYL. AB1E'1"ATE 
1934 DIPHENYL PHTHALATE 
2154 METHYL N-PENTACOSANOATE 
X156 METHYL DOCOSANE-1*82-DIOATE 
218? DINaNYL PHTHALATE 
22i3 N-DacasYL N--HEPra140aTE 
M8B METHYL GREEN 

5787 API-1400 
DOW-2454 5827 

S883 szK-2496 
5912* ARC-0033 
5988 F2YS-0003 
6014 DOW-3798 
X051 ~ DOW-2"742 
6164 RYS-0039 
6261 WUR- 1S38 
GiR fiST- i 83$ 
6390 DOW-1403 
6428 D4W-1946 
6437 AST-189 
6-467 bOLJ-3716 
6504 MOR-0165 
6S14 DOW-717 
6559 DOW--1928 
6665 U(3W-2839 
6895 RYS-0021 
6898 RY5-0034 
6940 DOW-438 
697s ors-002s 
6996* ARC-051 

a 



THE FOLLOWING SPECTRA HAVE A PR4MIh1AMT PERK AT 

420 DOW-4303 0003 ACETYLEhIE-U2 

W 
00 

THE FOLLOWING SPECTRA HAVE A PROMIMANT PEAK AT 

411* API-0456 8041 TR I DEUTER4METWAhIE (GAS) 
1807 DOW-2534 0319 1 , 2. 4-BUTANETRIOL 
a28? SiK-1 43E 0449 ETHYL LACTATE 

THE FOLLOWING SPECTRA HAVE A PROMINANT PEAK AT 

412* API-0465 000 'I`ETRADEl.1TER0i''f!c`THAME (GAS) 

19 t * a DME PEAK) 

E0 t * m BASE PEAK) 

M t * a BASE PEAK ) 
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CHAPTER FOURTEEN 

DEVELOPMENT OF A CHELATING/CO-PRECIPITATION PROCEDURE 
FOR MATRIX-FREE ANALYSIS OF VARIOUS METALS IN ORGANISMS 

FROM THE SOUTH TEXAS OCS BY ATOMIC ABSORPTION SPECTROPHOTOMETRY 

Texas A&M University 
Department of Oceanography 

Principal Investigators : 



The variability in the procedure is such that its results are semi-
quantitative estimates, but these provide a useful comparison when evalu-
ating direct analysis data obtained at low levels in samples with complex 
matrices . The advantage of the method lies in the five to ten-fold 
pre-concentration obtained which tends to offset the disadvantage implicit 
in the higher variability of the method . 

ABSTRACT 

A procedure is described using ammonium pyrrolidine dithiocarbamate 
(AFDC) for the co-precipitation and preconcentration of trace metals in 
organism digests for subsequent determination using flameless atomic 
absorption spectrophotometry (AAS) . The procedure ultimately developed 
involves co-precipitation of Cd, Ni and Pb by a precipitated AFDC-Co 
complex in the presence of added S-1 and NaCl . A single correction factor 
accounting-for the combined effects of pH and analyte concentrations on 
recovery was accomplished using multiple linear regression . STOCS organ-
ism digests of shrimp muscle, fish muscle, liver and gill, and NBS bovine 
liver comprise the three basic matrix types tested ; muscle, gill and liver . 
Paired t tests comparing results obtained by direct analysis and after 
the co-precipitation procedure indicated both measures are comparable, 
except for Cd and Ni in flesh . 



seawater matrix . Recoveries were acceptable except for Cr (Table 1) . 

Further work failed to yield acceptable Cr recoveries . Van der Sloot 

(1976), using an AFDC-activated carbon preconcentration procedure, found 

that recovery of Cr was strongly dependent upon its oxidation state . 

Only cationic Cr could be recovered with this procedure and dilute Cr 

solutions were unstable with respect to oxidation state . This conclu- 

14- j 

INTRODUCTION 

The low levels of Cr, Cd, Ni and Pb in marine organisms from the 

South Texas Outer Continental Shelf (STOCS) prompted this examination 

of a co-precipitation procedure as a neaps of achieving lower detection 

limits for these elements than is possible by flameless atomic absorp- 

tion spectrophotometric (AAS) analysis of untreated samples . It was 

hoped this procedure would both ameliorate the problem of sample matrix 

interferences during AAS analysis and result in a significant preconcen- 

tration of the elements investigated . Both of these effects would con- 

tribute to improved detection limits . 

Analytical procedures for trace metal preconcentration and matrix 

removal utilizing co-precipitation with ammonium pyrrolidine dithiocar-

bamate (AFDC) have been applied to seawater by Boyle and Edmond (1975 

and 1977) . Modifications of these procedures have been used in our 

laboratory for the determination of Cd, Cu, Ni, Pb and Zn in seawater . 

Work on procedures for Cr, Mn and V have also been conducted . This 

experience was applied to this current study of AFDC co-precipitation 

as a trace metal preconcentration procedure for digests of tissues from 

STOCS organisms . 

Recoveries of Cd, Cr, Ni and Pb were initially studied in a dilute 



TABLE 1 

RECOVERIES OF Cr, Cd, Ni AND Pb FROM SEAWATER 
BY AFDC CO-PRECIPITATION AT pH 4 

Concentration Percent Recovery 'of Element Indicated 
Added (ppb) Cr Cd Ni Pb 

50 16% 897 75% 120% 

100 16% 93% 1031 80% 

150 5% 96% 1137 100% 



At pH 3 .5 recoveries for all three elements were high while at 

pH 1 .8 Cd and Pb recoveries were reduced . The lowest possible pH was 

desired because it would minimize the amount of buffered titrant needed 

to raise the pH of the highly acidic digests and thus reduce the contami-

nation from that source . A pH of 2 .5 was selected as a compromise between 

risks of contamination at higher pH's and the problem of partial recov-

eries at suboptimal pH values . Addition of sulfide enhanced the recov-

eries of the metals at pH 1 .8- Thus,~this step was included .in 

14-J 

sion explains our low Cr recoveries since Cr would most likely exist 

in the form of chromate or dichromate in the strong oxidizing conditions 

used in-aur digestion procedure . Because of this situation, no further work 

on Cr determinations in organism digests was conducted . 

METHODS 

Procedure Development 

The co-precipitation of trace metals using AFDC involves using a 

carrier metal to produce a precipitate . The precipitate binds the 

metals via mechanisms not yet clarified but probably involving absorption 

of dissolved and colloidal chelated trace metals . In this study Co was 

used as the carrier metal . 

Considerable preliminary work was done to optimize the co-precipi- 

tation procedure for the organism tissue digests to be analyzed . All 

samples for this work were prepared with standards added to a fish flesh 

digest . Results of these preliminary tests are summarized in Table 2 . 

Each aspect of the procedure that was investigated during this initial 

development phase is discussed briefly below . 

Sulfide Addition and pH Selection 



SUMMARY OF PRELIMINARY DEVELOPMENT WORK ON AFDC CO-PRECIPITATION PROCEDURE 

Reference Modification 
Procedure to Procedure 

No sulfides Sulfide Addition 
(pH 1 .8) (pH 1 .8) 

No salt Salt Added 
(pH 3 .5) 35% NaCl 

(pH 3 .5) 

1501 NaCl 
(pH 3 .5) 

NaC2H302 NHyC2H3O2 
Titrant Titrant 

pH 1 .8 pH 3.2 

pH 1 .8 pH 4.5 

pH 1 .8 pH 4 .5 + salt 

+230% 0% +70I 

not tested -20y -307 

not tested -20y +607 

1Y-V 

TABLE 2 

Co-Precipitation Procedure Peak Height Change, Relative to 
Reference Procedure, Resulting 
from Modification 

Cd Ni Pb 

+70% +20Z +50I 

-10y +20I OI 

-zoi +2O% ' oy 

not tested -30% OI 



ultrex ammonium hydroxide (NHaOH) alone as a titrant . This attempt 

failed because a flaky AFDC precipitate was produced which failed to . 

adhere to the NtCLEPORE filter . As a result significant amounts of the 

precipitate were lost during handling . Addition of acetic acid (HC2H302) 

14-/ 

the final procedure to lessen the problem of partial recoveries at the 

suboptimal pH used . 

Salt Addition 

Boyle and Edmond (1975) report higher recoveries of Cd and Zn from 

seawater than from deionized water solutions . This observation prompted 

tests involving the addition of sodium chloride (NaCl) to samples prior 

to co-precipitation . It is possible that the NaCl produces more uniform 

conditions for co-precipitation by moderating the differences in ionic 

strength among the different sample types . The addition of NaCl to the 

fish flesh matrix appeared to increase slightly the recovery of Ni and 

to decrease Cd recovery . Its effect on Pb recovery was variable . At 

pH 3 .4 additional NaCl had no obvious effects . However, at pH 4 .5 where 

Pb recovery was poor, NaCl appeared to improve recovery . Thus, this 

salt addition step was included in the final procedure as a possible 

means of improving Pb recovery at the suboptimal pH (2 .5) used . 

Buffered Titrant Selection 

A sodium acetate (NaCZH302) buffered titrant was used initially in 

this study . However, the Ni concentration in this solution was too high 

to permit adequate correction by procedural blanks . AFDC co-precipita-

tion of this titrant prior to use on samples did not reduce the Ni con-

tent to an acceptable level . 

Because of its low trace metal content, an attempt was made to use 



tration on metal recovery was studied . After 10 minutes, no increase in 

metal uptake occurred and losses did not occur prior to 45 minutes . Thus 

it was decided to perform filtration on samples in batches small enough 

to begin 10 minutes after co-precipitation and finish before 30 minutes . 

to the NHyOH reversed this effect producing a well-consolidated preci- 

pitate . 

Finally, an ammonium acetate (NHyC2HgO2) buffered titrant was 

prepared using reagent acetic acid and ultrex NH40H . Both of these com-

pounds had relatively low levels of Cd, Ni and Pb contamination . Also 

AFDC co-precipitation was successful in removing these metals from this 

buffered titrant prior to its use on samples . As a result the levels -

of Cd, Ni and Pb in this solution were sufficiently low to be corrected 

for adequately by procedural blanks . Previous work had established that 

NHyC2H3q2 was an acceptable buffered titrant for use in co-precipitating 

Cd using AFDC . Thus further tests with this solution were conducted only 

on Ni and Pb . The decrease in Ni recovery in the titrant test (see Table 

2) was apparently due to a lack of Ni contamination in the NH4CZH302 tit-

rant : . Lead recoveries were acceptable using this solution . 

Indicator 

Preliminary trials indicated that the color variation exhibited by 

meta-cresolsuTfonephthalein permitted accurate pH matching in the range 

pH 1 .8 - 2 .7 . The indicator, after purification by AFDC co-precipita- 

tibn, also yielded blanks with no detectable Cd, Ni and Pb . 

Tine Before Filtration 

The influence of the time interval between co-precipitation and fil- 



less AA using standardized procedures adopted for the analysis of BLM 

samples . These preparative and AA analytical techniques are described 

fully in the Final Report of the 1976 BLM STOCS Trace Metals Project 

(Presley and Boothe, 1977) . These analyses were made using a PERKIN-

ELMER Model 306 AA spectrophotometer equipped with an HGA-2100 graphite 

furnace atomizer . The remainder of each digested sample was then used 

to determine the levels of these same three metals by the AFDC-co-pre-

cipitation method described below . This phase of the study was conduc-

ted "blind" with samples being identified only by an arbitrary code number . 

Filtration Apparatus 

PLASTIPACR disposable syringes were used to drive the co-precipi-

tated samples through 13 mm x 0 .4 um polycarbonate NUCLEPORE filters 

contained in a 13 mm Swinnex-type Millipore filter holder . The silicone 

rubber washer of the holder was fixed inside the polypropylene housing 

with GE silicone sealer . Otherwise, it would adhere to filters and 

dislodge part of the precipitate from them upon disassembly . The syringe 

filtration system was convenient for the number of samples processed, 

but with more samples a vacuum manifold would be preferred . 

Sample Analysis 

Subsequent sections describe the final AFDC co-precipitation pro-

cedure developed from the preliminary work detailed above . This pro-

cedure was used to determine the levels of Cd, Ni and Pb in 35 organism 

samples from the STOCS study area . The types of samples analyzed were 

fish flesh (21 samples), shrimp flesh (3), fish gill tissue (4), fish 

liver (4) and NBS bovine liver (3) . These samples were prepared for 

Ads analysis in the same way as all STOCS BLM organism samples . The 

concentration of Cd, Ni and Pb were first determined directly by flame- 



Filter Leaching 

PLASTAINER 5 dram snap cap vials received 0 .1 ml ultrex concentrated 
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Reagent Preparation 

pH Indicator : Meta-cresolsulfonephthalein, 0 .8% in ethanol, was 
diluted 1/5 with distilled water and co-precipitated 
with AFDC, as described later . 

1000 ppm Co : Titrasal 1000 ppm cobalt standard was made up to vol-
ume with deionized water . 

2% AFDC : Fisher analytical reagent grade AFDC was dissolved 
in water, 2% w/w, and aged 1 hour before use . 

Saturated NaCl : Excess Ma.llinckrodt NaCl was added to deionized 
water and stirred magnetically three hours, stored 

- in 40 dram PLASTAINER snap cap vials, buffered to 
pH 3 .5 and co-precipitated with AFDC before use . 

Ammonium acetate buffered titrant : Mallinckrodt 36% HC2Hs02, analy-
tical reagent grade, was adjusted to pH 3 .5 using 
ultrex NHyOH . The solution was co-precipitated with 
AFDC prior to use . 

Sulfide Solution : Hydrogen sulfide was generated from FeS and HE1 
in an H2S generator and bubbled through ultrex NH4OH 
for two hours . 

Co-Precipitation 

Strongly acidic sample solutions were stored in polyethylene cen~tri- 

fuge tubes until analyses could be performed . For this analysis sample 

solutions were weighed into 13 dram PLASTAINER snap cap vials . Each 

vial received, with stirring between additions, one drop pH indicator, 

1 .0 ml saturated NaCl solution, 0 .1 ml sulfide solution, and .OS ml 

1000 ppm Co . At this point, the pH was adjusted to 2 .5 using the buf-

fered titrant and matching colors with a color standard vial, containing 

indicator, at pH 2 .5 . Each sample then received 0 .2 ml of a 2% APDC 

solution previously aged for an hour . Filtration began 10 minutes after 

AFDC addition and was concluded within 20 minutes . 



Calculation of Co-Precipitation Data 

The method of standard additions was used to determine the percen-

tage of Cd, Ni and Pb recovered from the sample solutions by the AFDC 

co-precipitation procedure . Two separate standard addition series (6 

spiked aliquots) were prepared using aliquots from a single, large fish 

muscle sample . The percent recoveries of all three metals were generally 

not quantitative . The ranges were 64-977 for Cd, 31-1121 for Ni and 32-89y 

for Pb . Recovery was affected strongly by the analyte concentration in 

the sample and to a lesser degree by the pH of the solution in which the 

co-precipitation was performed . Analyte concentrations varied as much 

as two to four orders of magnitude among different sample types . The 

pH was mush less variable (i .e . R = 2 .5 ± 0 .25) . 

To calculate the final results, it was necessary to correct the raw 

co-precipitation AA data for the incomplete recovery observed . However, 

as noted above, the percent recovery was not the same for each sample . 

HN03 and were set aside . After filtration each filter containing the 

AFDC precipitate was transferred to one of these vials into the droplet 

of acid . The filter was allowed to leach five minutes before 1 .0 ml 

aliquot of ultrex 0 .1 N HN03 was added . 

Flameless AA Analysis 

The concentrations of Cd, Ni, and Pb in the acid leachate of each 

sample were determined by flameless AA analysis . The procedures used 

were the same as those described above for the direct determinations . 

To accurately correct for any non-linearity, the standard curves used 

to quantify these samples were calculated using a fourth degree polyno-

mial curve fitting procedure . 



appear in Table 3 . 
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Rather it varied as a function of pH and analyte concentration . Thus a 

different correction factor (s) based on these two parameters was needed 

for each sample . The use of two separate correction factors (one based 

on pH and a second on analyte concentration) was ruled out because this 

approach ignores effects on recovery resulting from interactions between 

pH and analyte concentration . It was finally decided to use multiple 

linear regression (MLR) analysis to determine the correction factor . 

This approach permits a quantitative evaluation of the relationships 

between the dependent variable (percent recovery) and independent vari-~ 

ables (pH, analyte concentrations) as well as any interactions between 

the independent variables themselves . 

MLR analysis was conducted on the standard additions data for all 

three elements . Equations were calculated by regressing percent recovery 

against both pH and observed analyte concentration . The percent recovery 

for each metal in each sample was determined by substituting the sample 

pH and analyte concentration into the appropriate MLR equation . Since 

the MLR equations were computed from only six observations for each 

metal, the validity of this approach cannot be proven statistically . 

However, the MLR model is logical and permits calculation of an objective 

correction factor that accounts for two major factors affecting recovery, 

pH and analyte concentration . 

RESULTS AND DISCUSSION 

Results of direct flameless atomic absorption (AA results) and those 

of analyses following AFDC co-precipitation and application of a correc- 

tion term derived using multiple linear regression (rII,R coprex results) 



CADMIUM, NICKEL AND LEAD LEVELS OBTAINED BY CONVENTIONAL AAS (AA) ANALYSIS 
AND BY AFDC CO-PRECIPITATION FOLLOWED BY AA ANALYSES (MLR COPREX) 

UNITS ARE TOTAL ng METALIN DIGEST ANALYZED 

Cadmium 
MLR Coprex AA 

8 .9 25 
12 15 
2 .9 
5 .3 <8 

16 43 
~4 :.2 4 
12 10 
2 .9 1 .4 
0 .7 0 .7 

56 68 
9 <21 
3 4 

11 12 
9 31 
3 2 .9 

23 36 
45 41 
15 30 

140 180 
14 84 
21 45 
4 .2 21 
3 .3 <9 
8 7 
6 7 

1500 1300 
4300 7600 
650 1200 
310 430 

Nickel 
MLR Coprex AA 

280 89 
190 110 
42 <38 
42 X59 
34 <86 
10 48 

450 63 
39 <32 
26 <33 

420 180 
87 <Y10 
5 <50 

N .D . <55 
54 <Z00 
44 <68 

240 
130 
<82 
230 
<70 

N .D . <56 
80 <q1 
2 <30 

38 <30 

97 120 
91 150 
13 8 
52 36 
86 107 
19 <30 

180 40 
30 12 
22 17 

200 350 
53 53 
27 <30 

160 120 
53 170 
23 46 

100 320 
88 85 
97 120 

270 270 
74 67 

290 260 
67 110 
65 <54 
13 <23 
13 <23 

G 2 
,I 9 
L 21 
L 26 

L 1 
I 11 
V 15 
E 19 
R 32 

33 
36 

600 600 1610 1600 
830 560 980 1400 
500 720 440 830 
240 470 270 1400 

10104 6300 420 190 260 '_230 
2000 3800 45 <130 140 240 
2100 1100 48 <53 59 100 
140 188 120 40 96 130 
190 220 76 <70 300 380 

2400 3200 130 260 190 400 
550 300 240 110 420 420 

N .D . - Not detectable 
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TABLE 3 

Sample No . 

Mg 3 
4 
5 
6 

M .U 8 
10 S 12 
13 
14 
16 
17 
18 
20 s 22 S 
23 
24 
25 
21 
28 
29 
30 
31 
35 

1320 

Lead 
MLR Coprex AA 



trends noted above . The MLR coprex values were quite variable and gen-

erally higher than those from the direct AA analyses . The only large 

discrepancy is that of Cd in liver tissue . However, the result is within 

three standard deviations (95I confidence interval) of the expected value . 

This emphasizes the variability intrinsic in the method . For the other 

In order to reduce the detection limit for the metals studied using 

the MLR coprex procedure, direct AA and MLR coprex must be compared at 

levels detectable by both procedures to ensure comparable results are 

obtained . Scatterplots illustrating these comparisons for each metal 

and tissue type appear in Figures 1 through 9 . A summary of quantita-

tive differences between the results from both procedures is given in 

Table 4 . Ratios of the means resulting from each method were computed . 

Expected deviations were calculated using the standard error of the 

differences between the means of each data set (Snedecor and Cochran, 

1967) . Results of these computations appear in Table 4 . 

The comparisons indicate the following : 

Only Cd and Ni in muscle tissue appeared to yield different results 

by the different methods based on the t test results . 

The lack of significant t values for the other elements and tissues 

is due at least in part to the large variance in the MLR coprex results 

which obscures differences . 

Nickel results were variable to an unsatisfactory degree except 

perhaps in gill tissue . Lead appears to be estimated adequately in all 

tissues, though the results are low but not to a statistically significant 

degree . Thus, MLR coprex most successfully estimates the following : Pb 

in all tissues studied, Cd in liver tissue and Ni in gill tissue . 

The analyses of NBS bovine liver by each method (Table 5) verify the 



14-1~ 

.1 

v) w 
a. 

5 10 50 100 

Figure 1 . Scatterplot of Cadmium in Muscle Comparing Results of 
Flameless AA Analysis Before and After AFDC Co-Precipi-
tation . Data Points Represent Total Amount of Metal in 
Each Sample (ngms) with the Line of Perfect Agreement 
Appearing in the Figure . 
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Figure 2 . Scatterplot of Nickel in Muscle Comparing Results of 
Flameless AA Analysis Before and After AFDC Co-Precipita-
tion . Data Points Represent Total Amount of Metal in Each 
Sample (ngms) with the Line of Perfect Agreement Appearing 
in the Figure . 
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Figure 3 . Scatterplot of Lead in Muscle Comparing Results of Flame-
less AA Analysis Before and After AFDC Co-Precipitation . 
Data Points Represent Total Amount of Metal in Each Sample 
(ngms) with the Line of Perfect Agreement Appearing in the 
Figure . 
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Figure 4 . Scatterplot of Cadmium in Gills Comparing Results of Flame- 
less AA Analysis Before and After AFDC Co-Precipitation . 
Data Points Represent Total Amount of Metal in Each Sample 
(ngms) with the Line~.of Perfect Agreement Appearing in the 
Figure . 
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Figure 5 . Scatterplot of Nickel in Gills Comparing Results of Flame-
less AA Analysis Before and After AFDC Co-Precipitation . 
Data Points Represent Total Amount of Metal in Each Sample 
(ngms) with the Line of Perfect Agreement Appearing in the 
Figure . 
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Figure 6 . Scatterplot of Lead in Gills Comparing Results of Flameless 
AA Analysis Before and After AFDC Co-Precipitation . Data 
Points Represent Total Amount of Metal in Each Sample (ngms) 
with the Line of Perfect Agreement Appearing in tie Figure . 
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Figure 8 . Scatterplot of Nickel in Liver Comparing Results of Flame-
less AA Analysis Before and After AFDC Co-Precipitation . 

Data Points Represent Total Amount of Metal in Each Sample 

(ngms) with the Line of Perfect Agreement Appearing in 
the Figure . 
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Figure 9 . Scatterplot of Lead in Liver Comparing Results of Flameless 
AA Analysis Before and After AFDC Co-Precipitation . Data 
Points Represent Total Amount of Metal in Each Sample (nmgs) 
with the Line of Perfect Agreement Appearing in the Figure . 
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_ TABLE 4 

COMPARISONS OF ANALYSIS MEANS OBTAINED BY FI.AMELESS ATOMIC`ABAORPTION 
WITH AND WITHOUT AFDC CO-PRECIPITATIVE PRECONCENTRATInN 

Results of paired t tests com-
Ratio of means paring analyses with and with-

.x 100 ± 1 standard deviation out APDC preconcentration 
Tissue Element (APDC AA/Direct AA x 100 df t value* Probability 

Muscle Cd 61 ± 16% 19 3 .15 < .05 

Ni 299 ± 93% 3 3 .55 < .05 
Pb 83 ± 18% 19 1 .24 >0 .4 i 

41 

Liver Cd 116 ± 45% 6 0 .5 >0 .5 

Ni 150 ± 84,°6 3 0 .98 >0 .4 

Pb 78 ± 15% 6 2 :09 >0 .1 

Gill Cd 64 ± 50% 3 1 .18 >0 .4 

Ni 93 ± 33% 3 0 .36 >0 .5 

Pb 64 ± 27% 3 2 .13 >0 .2 

* From paired t tests performed comparing AA values on each sample with or without coprecipitation . 



TABLE 5 

COMPARISONS OF CONVENTIONAL ATOMIC ABSORPTION VERSUS MLR COPREX 
RESULTS ON NBS STANDARD BOVINE LIVER . 

RESULTS ARE REPORTED As'ngms OF METAL IN THE SAMPLE ALIQUOTS DIGESTED 

Cadmium Nickel Lead 
Sample No . MLR AA NBS MLR AA NBS MLR AA NBS 

Coprex Coprex Coprex 

Mg 19 137 88 87 116 <40 <64 96 130 109 

32 186 216 204 76 <70 <151 303 378 256 

36 546 280 298 235 110 <220 420 420 375 



in the STOCS organism digests confirms the low levels reported by the 

direct AA analysis for these tissues . The observed values expressed as 

a percent of the direct AA detection limit also appear in Table 6 . For 

Cd this is 517 of the detection limit, for Ni it is 48% and for Pb it is 

82% . The detection limit is reduced 5 to 10 fold using the MLR coprex 

procedure since a 10 to 1 -greconcentration is affected and most of the 

sample matrix is removed . The high variability noted must be weighed 

against this greatly increased sensitivity . The procedure is of value 

in verifying evidence concerning low levels of metals in complex sample 

matrices, since it results in_--.a virtually matrix-free sample which shows 

none of the severe supression effects noted in ordinary organism digests . 

In this capacity it is a semi-quantitative check . Lead analyses in com-

plex matrices are subject'--to severe supression effects and frequently 

result in false positive signals due to absorption at the Pb line which 

is not corrected by the deuterium arc . The dilemma of simultaneous 

supression and enhancement can occur, and a small dilution may remove 

completely the observed signal, while addition of a strong standard solu- 

1T-LV 

elements the agreement is closer, being much better than expected for Ni . 

Coprex data for the analysis of the samples found to be below the 

detection limit for direct AA analysis appear in Table 6 . It should be 

noted that samples 23 through 29 in the muscle tissue section of Table 3 

were obviously contaminated by Ni . They were co-precipitated sequentially 

and apparently some contaminating event occurred . The values they 

represent are from 0.6 ppm to 1 .6 ppm Ni and so are many times normal 

values . They are not included in the calculations of the means in 

Table 6-and were omitted from Table 3 . 

Coprex~analysis of previously undetectable levels of Cd, Ni and Pb 



TABLE 6 

MLR COPREX ASSAY OF METAL LEVELS IN SAMPLE TYPES STANDARD FOUND TO BE BELOW DETECTION LIMITS OF 
DIRECT AA ANALYSIS . RESULTS REPORTED ARE IN UNITS OF ng ANALYTE PER GRAM OF TISSUE 

Cd Ni Pb 

Detection MLR Detection MLR Detection MLR 
Tissue Limit Coprex Limit Coprex Limit Coprex 

Sample / Type AA Analysis AA Analysis AA Analysis 

Mg 5 muscle 9 .5 6 .3 75 82 

6 muscle 70 50 

7 muscle 40 16 

8 muscle 57 36 
F 

11 fish liver 26 32 ai 

13 muscle 97 76 

15 fish liver 70 63 

16 muscle 50 42 

17 muscle 89 9 54 48 

18 muscle 10 nd 

20 muscle 57 31 

22 muscle 111 72 

30 muscle 48 nd 

31 muscle 49 43 29 35 

32 bovine liver 4 .8 1 .8 93 101 

1320 muscle 22 28 

x Total 8 .1 6 .3 51% 64 .5 43 67% 39 .3 32.3 82% 
Muscle Tissue 9 .75 5 .3 54% 64 .83 37 .4 57% 39 .3 32.3 82% 
Bovine Liver 4 .8 1 .8 38% 93 10, 92% -- -- -- 
Fish Liver -- -- -- 48 48 100% -- -- -- 



tion may fail to increase peak height at all . Such a situation prevents 

a conclusive analysis, leaving the analyst with no idea of the levels in 

his sample . 

The analyses of Cd and Ni can be plagued by similar problems when 

examining marginally detectable levels in complex matrices . 

CONCLUSIONS 

1 . The MLR coprex procedure described provides greatly increased 

sensitivity at the expense of increased variability . Therefore, it is a 

highly sensitive but semi-quantitative procedure for the study of certain 

trace metals in biological tissues . 

2 . The method best measures Pb in all sample types, Ni in gill and 

Cd in liver tissue ; and it is least effective in estimating Ni levels in 

muscle and liver . 

3 . Application of the procedure to STOCS samples with previously 

undetectable metal levels generally confirms the low levels of Cd and Ni 

reported and indicates that Pb levels in these samples are only slightly 

below the detection limit . 



van der Sloot, H. A. 1976 . Neutron activation analyses of trace elements 
in water samples after preconcentration on activated carbon . Nether-
lands Energy Res . Foundation, 3 Westerduinweg, Petten (NH), the 
Netherlands, p . 114 . 
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CHAPTER FIFTEEN 

BIOLOGICAL CHARACTERIZATION OF THE NEPHELOID LAYER 

Principal Investigators : 

Daniel Kamykowski 
John Batterton 

Associate Investigators : 



A single station (near STOCS 4/II) was sampled for 24 hour periods 
on 29-30 June, 24-25 July, 25-26 September and 8-9 November 1978 . Samples 

surveyed turbidity, light transmission, temperature, salinity, ?lant 
nutrients, plant biomass, species abundances, and near bottom 1 C uptake . 
A variable nepheloid layer was encountered during each cruise ; only the 
first two cruises had associated phytoplankton abundances . These phyto-

plankton accumulations were composed of both pelagic and benthic species . 
Net 1"C uptake was detected within these layers under in situ conditions . 

Evidence suggests that this layer may be especially vulnerable to energy 
related activities . 
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ABSTRACT 



for observing nepheloid layer dynamics due to the general availability 

of fine sediment, the extensive shallow shelf, and the suspension energy 

supplied by strong wind and measurable tidal forcing . Berryhill et at . 

(1977) summarize the spatial variability of the STOCS nepheloid layer as 

observed during three cruises dated November 1975, March 1976 and May 

1976 . They conclude that nearshore, inner shelf and outer shelf bottom 

water turbidity is variable in thickness and in distribution and is 

(elated in a complex way with the thermal structure . Nearshore suspen-

sion is caused by wave surge and tidal mixing . The offshore structure 

is generally two-layered with a nepheloid layer below a less turbid 

layer ; it is thickest toward the outer shelf . Rezak (1977) provides 

additional profiles from the STOCS area . 

The present study (NEPHY) investigates phytoplankton associations 

within the nepheloid layer as observed at a single station (near Station 

4/II) over a 24 hour period on four separate cruises . Among the physical 

and chemical variables that must be considered are suspension mechanisms, 
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INTRODUCTION 

Near-bottom increases in suspended sediments (nepheloid layer by 

analogy to deep sea terminology) are readily observed on world shelf 

areas when sought with appropriate techniques . In general, however, 

a detailed understanding is lacking because 1) marine geologists have 

only recently appreciated the need of defining the role of the nepheloid 

layer in sediment transport ; 2) sampling problems exist in maintaining 

the integrity of field particles during laboratory measurements ; and 3) 

the three-dimensional problem of diffusion-advection is complex (Drake, 

1976) . 

The South Texas Outer Continental Shelf (STOCS) is a prime area 



chosen based on Figures 1 and 2 which demonstrate the relationships 
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available light and nutrients . Suspension is aided by the same shear mech-

anisms that generate the nepheloid layer . In addition, phytoplankton have 

the ability to control their density (Smayda, 1970) and are thus less 

dependent on shear forces than inert particles . Since phytoplankton 

require about 8 uein m-2 sec-1 of incident light (400-700 nannometers) 

to balance photosynthesis and respiration (Strickland, 1958), the available 

light penetrating through the water column to tie nepheloid layer and then 

through the nepheloid layer itself is vital . Finally, nutrients must be 

supplied to the suspended phytoplankton for growth to continue . Rowe et aZ 

(1975) and Hartwig (1976) both provide information on the flux of nutrients 

across the sediment-pelagic interface . Their studies are especially 

interesting as they relate to the STOCS area because of the frequent appear-

ance of the nepheloid layer between the sediment interface and a thermocline . 

Nutrients from the sediments are then mixed into a relatively thin-water 

layer that concentrates the results of benthic regeneration . Additional 

nutrients may be obtained within the nepheloid layer itself through the 

activity of bacteria-colonized inorganic particles . 

The following report is a beginning toward clarifying some of the 

complex relationships outlined above . Basic information is provided on 

the seasonality of a photosynthetically active nepheloid layer and on the 

environmental conditions .associated with its occurrence . 

METHODS 

A station at about 33 m water depth along Transect II was occupied 

for 24-hour periods on 29-30 June (NEPHY I), 24-25 July (NEPHY II), 25-26 

September (NEPHY III), and 8-9 November (NEPHY IV) 1978 . The depth was 
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Figure 1 . Comparison of Water Depth and Photic Zone Depth at All 
Stations Occupied Along Transect II During 1976 . 
(Numbers an Graph Denote Months of Year .) 
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zone . In situ 1''C-uptake experiments were performed on water collected 

at 0300 with a 30-Q Niskin triggered within the nepheloid layer . Water 

from the Niskin was distributed into 36 125 ml bottles, 18 light and 18 

dark . These bottles were divided into three groups of six light and six 

l~-/ 

between the photic zone depth and the water depth as determined during the 

STOCS program cruises along Transect II during 1976 and 1977 . These fig-

ures suggest that the nepheloid layer can be within the photic zone between 

the shore and 30 nautical miles offshore (60 m depth) during July, August 

and September . The chosen station was thus near mid-depth within this bend . 

Samples were collected at 4-hour intervals except when prohibited by 

equipment failure . A sample set was missed during both NEPHY I and NEPHY 

III . The general sampling program consisted of successive profiles with a 

transmissometer (MARTER), STD (PLESSEY 9060), submarine photometer (LAMBDA), 

and pump-fed f luorometer (TURNER DESIGNS, Source : F4T5 Fluorescent lamp, 

Excitation filter : 5-60 filter : Emission filter : 2-64 filter ; photomulti-

pliers R446 infrared sensitive) blanked with distilled water . Discrete 

samples were collected from a second pump profile for determinations of 

plant nutrients [N03, N02, NH4, P04, Si(OH)4], chlorophyll a and phyto-

plankton species abundances at selected depths . Plant nutrients (except 

NHa), chlorophyll a and phaeopigments (Trichromatic technique on a spectro-

photometer, SCOR-UNESCO Equation for chlorophyll a ; Strickland and Parsons' 

equation for phaeopigments) were analyzed according to the techniques 

described in Strickland and Parsons (1968) . NH4 was determined according 

to Solorzano (1969) . Phytoplankton species were determined according 

to the Utermohl (1931) procedure on an inverted microscope . The STD 

profile was calibrated with discrete samples taken at the top and bottom 

of the water column . Salinity was determined on a BECKMAN salinometer . 

During NEPHY I and II, the nepheloid layer was found within the photic 



estimate the actual concentrations . 
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dark, inoculated with 2 .5 uCi of NaH14C02/12S ml bottles, placed on three 

separate racks and suspended from'.the ship before sunrise at the sample 

depth . The incubations lasted from sunrise to local noon . From each group, 

three light and three dark bottles were filtered through 0 .45 um MILLIPORE 

filters and three light and three dark bottles were filtered through both 

a 20 Jim NYTER mesh and a 0 .45 um MILLIPORE filter . The 0.45 um MILLIPORE 

filters were counted on a PACKARD liquid scintillation counter . Since 

alkalinities were not determined on a sample from the NISRIN bottle, a 

reasonable estimate of W=24000 was made in the calculation of mgC m 3 hr-1 

(Strickland and Parsons, 1968) . 

Selected equipment and sampling problems arose on some of the cruises . 

These are outlined below: 

NEPHY I -the pump-fed fluorometer malfunctioned during the first 
three profiles ; 

the transmissometer malfunctioned during the fourth profile ; 

- phytoplankton species abundance data were collected only 
during the last two profiles ; 

NEPHY II - no problems ; 

NEPHY III - Secchi depth determination was missed during profile 5 ; 

NEPHY IV - the pump-fed fluorometer malfunctioned during all profiles ; 

- the temperature record was missed during the STD cast 
' representing profile 5 ; 

- the transmissometer calibration was erratic, the highest 
reading obtained in air was arbitrarily taken at 85%, the 
underwater values were adjusted by the ratio for .each 
profile . 

Analytical problems also occurred in some laboratory techniques . The 

phosphate, silicate and ammonia values were blanked by the lowest deter- 

urination within a cruise . The reported values may thus slightly under- 



and centric diatoms . The former was dominated by the Nitzschia sps . ; the 
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RESULTS 

The data collected during the four NEPHY cruises are listed in 

Appendices A through C . Appendix A contains depth distribution of 

measured factors ; Appendix B contains phytoplankton species abundances 

in the near bottom sample ; and Appendix C contains the 1"C-uptake by 

nepheloid layer phytoplankton . Each cruise will be discussed in turn . 

NEPHY I 

This cruise encountered a fluctuating nepheloid layer (1-6 meters 

thick) that averaged about 3 meters in thickness (Figure 3) . The sur-

face waters were sufficiently clear to allow greater than 1I of the 

incident light (400-700 nannometers) to reach the sediment interface 

(Figure 4) . The thermocline depth (Figure 5) was not directly related 

to the nephelvid layer ; at certain times the nepheloid layer was well 

below the thermocline or the nepheloid layer extended through the thermo-

cline . Figure 6 showed that a shallow halocline occurred in the water 

column at a depth well above the thermocline . The plant nutrients analyses 

demonstrated unstructured profiles for P04, NOD, and NOz ; Si(OH)4 and NH4 

(Figure 7) showed a tendency to increase near the sediment interface . 

In vivo fluorescence (Figure 8) was uniformly low in the upper 10 meters, 

gradually increased to a maximum at about 26 m and slightly decreased to 

the sediment interface . Chlorophyll a concentration (Figure 9) showed a 

much more even distribution throughout the water column except for the 

increase in the bottom sample . The C/P ratio increased somewhat with 

depth suggesting a decreased grazing pressure compared to the upper water 

column . 

Appendix B-1 provides a species list that had an even mix of pennate 
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bottom . Si(OH)4 drastically increased throughout the water column begin-

ning with profile 4 . In vivo fluorescence (Figure 15) appeared similar to 

the transmission profiles in all cases, but did not exactly follow them . 

Chlorophyll a concentration (Figure 16) also followed the transmission 

profiles in all cases . The deviant turbidity profile (seven) was sub-

stantiated by both the in vivo fluorescence and the chlorophyll a data . 

The C/P ratio increased toward the bottom again suggesting decreased 

grazing activity . 

15-17 

latter was dominated by RhizosoZenia sps . and HemiauZus sps . 

Appendix C-1 shows that net carbon fiction occurred in both the 

net (> 20 um) and the nanno (< 20 um) size fractions under in situ light 

conditions . 

NEPHY II 

During the first six profiles, this cruise encountered a fluctuating 

nepheloid layer (8-18 meters thick) that averaged about 10 meters in 

thickness (Figure 10) . The last profile in the series drastically deviated 

from this pattern with an intermediately turbid water column extending 

from 4 meters below the surface to the sediment interface, a distance 

of 29 meters . Figure 11 showed that S-l0I of the incident light (400-700 

nm) penetrated to the sediment interface under the conditions of the first 

six profiles ; the value increased to 20% under conditions of the seventh 

profile . A sharp thermocline (surface 29°C, bottom 24°C) with the maximum 

gradient at about 19 meters acted as an effective cap to the nepheloid 

layer except during profile seven (Figure 12) . The water column was iso-

haline during this cruise (Figure 13) with values generally around 36 .4 ppt . 

P04, N03, and N02 showed little structure in the water column ; NH4 con-

centration (Figure 14) was erratic, but occasionally increased toward the 



5 
e 

S 

S 

7 
C 

t!7 6 

S S 
o~ r 

2 

.y 

> S 

S 6 

W 

S 

49 
.O 

m 
A 
N 
N 6 
A 
6 S 

LM 
W 
r 

C 

s 

a 

N 

2 6 
W 
o s 
f rn 

W 
Of 

s a 
u 

N 

S 

S 

9 
ln S J~ tf .̀ S tfS V` 9 ll~ S :l~ lf~ S 1/' S J` S' 11 S 

S ~ M ? O r~ ? S N M tf~ t S 9' N Z :l~ S S. rn 
~ ~ ~ ~ N N N N N fV 'n r+~ rn 

Figure 10 . Plot of Transmission (~) vs . Depth (meters) for cruise NEPHY II . 
The different profiles according to time of day measured for 
each selected parameter are all plotted on the same graph . The 
profiles are distinguished by the profile numbers (1-6) corres-
ponding to the profile order in Appendix A. 

1:)-18 



s .~ 

S 

G 

S 

s 

i 

. . 
r 

a 
5 
M 

S 

s 
N 

6 . 

Q 

S 

S t!` S !R S tl" S J` 5 1!~ S :I~ :f~ 4 tl+ S t!~ T. If" 'c lP' 

~ S S S ~ '^ Z d 1~ N M V1 t 5 ? N ~ tr 
M N N N N N M 71 

N 

c 
W 

2 

W 

u 

i 

The different profiles according to time of day measured for 
each selected parameter are all plotted on the same graph . The 
profiles are distinguished by the profile numbers (1-6) corres-
ponding to the profile order in Appendix A . 

15-19 

r 

J 

i 
V e 
W 
d 

r 
a 
c 

x 

N 

6 

W r 
t 

Figure 11 . Plot of Percent Light (I) vs . Depth (meters) for Cruise NEPHY II . 
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Figure 12 . Plot of Temperature (°C) vs . Depth (meters) for Cruise NEPHY II . 
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16 meters depth (Figure 18) . Water temperature structure (Figure 19) 

was nearly isothermal ; profile three, which had extraordinarily clear 

surface water, was about 1°C warmer in the upper 12 meters than the other 

profiles . Salinity (Figure 20) increased with depth (surface - 32 ppt ; 

bottom ~ 34 ppt) ; the halocline occurred at - 20 meters . Generally all 

plant nutrients increased with depth . NH4 (Figure 21) was highest in 

those profiles related to the best developed nepheloid layer . In vivo 

fluorescence (Figure 22) was relatively unstructured with depth; there 

was some tendency for higher values in the upper half of the water column . 
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Appendix B-2 demonstrates a complex shift in the class dominance 

patterns ; centrics dominated all but the first and last profiles ; dino-

flagellates appeared in the last three profiles . The dominant species 

in each class were: Pennates - Nitzschia sps . ; Centrics - HemiauZus sps ., 

RhizosoZenia sps . ; Dinoflagellates - GonyauZax poZygrarrnna . 

Appendix C-2 shows the carbon fixation attained by a phytoplankton 

community collected just prior to the fifth profile when the silica con- 

centrations drastically increased . Both net (> 20 um) and nanno (< 20 um) 

fractions had significant carbon uptake under in situ light conditions . 

NEPHY III 

This cruise encountered a developing nepheloid layer that attained 

a thickness of 5 meters (Figure 17) . The first profile was characterized 

by a turbid near surface layer that was 13 meters thick and by a rela-

tively clear lower layer ; the remaining five profiles were clearer at the 

surface than near the sediment interface . An anomalously clear band of 

water centered at 25 meters depth gradually declined over the sample 

interval . The increased turbidity in the surface waters resulted in a 

reduced photic zone with the 1I light level (400-700 nm) centered around 
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Figure 17 . Plot of Transmission (%) vs . Depth (meters) for Cruise NEPHY III . 
The different profiles according to time of day measured for each 
selected parameter are all plotted on the same graph . The pro-
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Figure 20 . Plot of Salinity (ppt) vs . Depth (meters) for cruise NEPHY III . 
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Figure 22 . Plot of in vivo Fluorescence (relative units) vs . Depth (meters) 
for cruise NEPHY III . The different profiles according to time 
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Specif is 

All cruises demonstrated the dynamic state of the nepheloid layer . 
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Chlorophyll a concentration (Figure 23) showed similar trends except for 

an increase near bottom in a few profiles . The C/P ratio generally 

decreased with depth suggesting increased grazing activity . 

Appendix B-3 demonstrates the pennate dominance of the generally 

low population abundances . Nitzschia sps . were the most abundant pennates . 

NEPHY IV 

This cruise encountered a developed nepheloid layer (Figure 24) about 

10 meters thick that disappeared and then redeveloped to a thickness of 

10 meters .- The surface waters were sufficiently turbid to limit the 1% 

level of incident light (400-700 nm) to about 24 meters (Figure 25), the 

top of the nepheloid layer at its thickest . The water temperature 

structure (Figure 26) showed an inversion with warmer water (- 25°C) below 

the colder water (- 23 .5°C) . The top of the thermocline occurred at about 

17 meters depth. Salinity (Figure 27) also showed a two-layer structure 

(surface - 33 ppt ; bottom - 35 ppt) that changed at about 17 meters depth . 

Si(OH)4 and P04 were generally unstructured with depth ; N03 and N02 both 

increase within five meters of the bottom . NH4 (Figure 28) was erratic 

but generally increased in the near bottom samples . Chlorophyll a 
J 

(Figure 29) was relatively high in the upper 12 meters of the water 

column during the first three profiles ; the remaining profiles were less 

distinguished in this upper layer . The C/P ratio generally decreased with 

depth suggesting increased grazing activity . 

Appendix B-4 demonstrates fluctuating dominance of pennate and 

centric diatoms . The former were dominated by ThaZassionema nitzschioides ; 

the latter by Grhaetoceros sps . 

DISCUSSION 
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Figure 23 . Plot of Chlorophyll a concentration (ug 1C 1) vs . Depth (meters) 
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profiles are distinguished by the profile numbers (1-6) corres-
ponding to the profile order in Appendix A . 
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Figure 24 . Plot of Transmission (I) vs . Depth (meters) for cruise NEPHY IV . 
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Figure 25 . Plot of Percent Light (I) vs . Depth (meters) for cruise NEPHY IV . 



S 

y 
P 
N 

S 

S 
. . 

N 

s . 
.o 
ru 

s 

N . 

6 

N 

s 
1~1 ~ 
N 

N 
N 

S 

N 

S 

N U~ S t/~ Q !f1 S tf~ S t!~ S N S 1/~ 5 1f1 u1 5 ; 11' S 

M Z d P. P S N r y1 y Z S N ? lP ~ Y 5 
~ N N N N N fV M PA M 

m 
0 
s 

W 

r3 

7 

z W 
Z 

W 

w 

u 

The different profiles according to time of day measured for 
each selected parameter are all plotted on the same graph . The 

I profiles are distinguished by the profile numbers (1-6) corres-
ponding to the profile order in Appendix A . 
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Figure 26, blot of Temperature (°C) vs . Depth (meters) for cruise NEPHY IV . 
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Figure 27, Plot of Salinity (ppt) vs . Depth (meters) for cruise NEPHY IV . 
The different profiles according to time of day measured for 
each selected parameter are all plotted on the same graph . The 
profiles are distinguished by the profile numbers (1-6) corres-
ponding to the profile order in Appendix A . 
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Figure 28 . Plot of NH4 concentration (ug-at N !C'1) vs . Depth (meters) for 
cruise NEPHY IV . The different profiles according to time of 
day measured for each selected parameter are all plotted on the 
same graph . The profiles are distinguished by the profile 
numbers (1-6) corresponding to the profile order in Appendix A . " 
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Figure 29 . Plot of Chlorophyll a concentration (ug Q'1) vs . Depth (meters) 
for cruise NEPHY IV . The different profiles according to time 
of day measured for each selected parameter are all plotted on 
the same graph . The profiles are distinguished by the profile 
numbers (1-6) corresponding to the profile order in Appendix A. 
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phyll a- data demonstrate the association of phytoplankton biomass :with the 

nepheloid layer during NEPHY I and II . The turbid surface waters during 

NEPHY III and IV apparently prohibited a deep phytoplankton maximum in 

the respective nepheloid layers . The species composition observed in the 

nepheloid layer derived both from pelagic and benthic sources suggesting 

a zone conducive to the maintenance of phytoplankton . The 14C uptake 

data showed that the nepheloid layer supports net production during the 

summer months . 
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The thickness and density of the layer changed within a dew hours providing 

an indirect index of the water motions involved . The physical conditions 

under which the nepheloid layer existed differed during each cruise : 

NEPHY I -strong deep thermocline (- 8°C) ; shallow weak halocline 
(2 ppt) ; surface water clear (Secchi depth :~: 22 meters) . 

NEPHY II -strong intermediate tliermocline (- 5°C) ; no halocline ; 
surface water clear (Secchi depth "1 22 meters) . 

NEPHY III - weak shallow thermocline (< 1°C), weak deep halocline 
(2 .5 ppt) ; surface water turbid (Secchi depth - 4 meters) . 

NEPHY IV - weak inverted mid-depth thermocline (2 .5°C) ; weak mid-
depth halocline (2 ppt) ; surface waters somewhat turbid 
(Secchi depth :t: 12 meters) . 

Oxidized plant nutrients most consistently increased with depth during 

NEPHY III and IV . Silica showed an abrupt increase throughout the water 

column during NEPHY II that might be related to the appearance of dino-

flagellates in the species sample . The unusual turbidity profile at the 

end of NEPHY II could be related to the vertical migration of a dense 

dinoflagellate population . This is especially likely since the tempera-

Lure and salinity did not change significantly at that time . NH4 appeared 

to increase near the sediment interface during most profiles supporting 

the hypothesis of a benthic source for required nitrogen . More data is 

required for a definitive conclusion. In vivo fluorescence and chloro- 



ug Q-1) . The Secchi depth across the shelf is- greater than 20 m and the 

water column is thermally stratified . As seen in the present data under 

these conditions, a chlorophyll maximum appears below the thermocline that 

is closely associated with the nepheloid layer . The species composition 

(> 20 um) is a mixture of pelagic and benthic types suggesting that both 

settled oceanic forms and resuspended benthic forms contribute to the 

phytoplankton community . The production is maintained by light levels 

observed as high as 20% of surface radiation and by measurable concentra-

tions of plant nutrients . Net carbon uptake is observed . Using the 

classical dark subtraction calculation as the standard, the nannophyto-

plankton are responsible for 37% of the total carbon fixed in June, and 

for 57% of the total carbon fixed in July . Based on average chlorophyll a 

concentration of 2 .9 ug Z-i in June, and of 1.9 ug Q'1 in July, a C/Chl a 

ratio of 60 and no cell carbon losses ; a doubling of cell carbon in the 

nepheloid layer would require about 50 days in June and about 28 days in 

July . This calculation is only useful as a general index since it is 

based on community averages . Some species may contribute substantially 

to community chlorophyll a but little to community production while other 

species contribute little to community chlorophyll a, but may dominate 

the carbon uptake . The latter species would obviously double considerably 

faster than the community average computed above . 
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General 

Based on the results of the four NEPHY cruises, the role of the 

nepheloid layer as a reservoir of~-primary production during the summer 

months is maintained as a viable hypothesis . As shown in Kamykowski and 

Van Baalen (1978), the surface waters in the STOCS area during July can 

become warm (> 27°C), saline (> 36 ppt), and clear (chlorophyll a < 0 .5 



The purpose of this research is to obtain basic information on the 

phytoplankton in the nepheloid layer and to speculate on the potential 

impact that petroleum related activities may have on this layer and its 

dependents . Various studies (Gordon and Prouse, 1973 ; Pulich et aZ ., 

1974 ; Winters et aZ ., 1976 ; and Batterton et aZ .,1978) have investigated 

the effect of both fuel oils and crude oils on phytoplankton . Generali-

zations are difficult because different oils vary in toxicity and differ-

ent species in the same class vary in response . It seems evident that 

both lipophilic and water soluble fractions of some oils are toxic to 

some algae; fuel oils are more toxic than crude oils . It seems probable 

that oil introduced into this environment would directly affect some 

species . Whether the decline of these species would affect other 

organisms in the food web is uncertain . Alternately, the whole phyto-

plankton community could be indirectly affected by oil if nutrient regen-

eration from the sediments were inhibited over a sufficiently broad area, 

if the light transmission properties of the overlying water were decreased, 

or if selected grazers were reduced below effective levels . 
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The primary production in the nepheloid layer is ultimately dependent 

on the clarity of the overlying water column . In some years, the clarity 

of the surface waters may be delayed beyond June thus delaying the ini-

tiation of a deep productive zone (Kamykowski et aZ ., 1977) . The return 

of turbid surface waters after a few months of clear conditions may occur 

in late summer due to hurricane activity or perhaps later in the year due 

to the passage of "northers" . The longest anticipated season for a deep 

productive zone would probably be between early June and late September, 

a period of about four months . 
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CONCLUSIONS 

1 . The nepheloid layer corresponds to a zone of concentrated phyto-

plankton biomass and active phytoplankton production during the summer 

months in' the STOCS area . This zone extends from nearshore to about 30 

nautical miles offshore . 

2 . The phytoplankton community is composed of both pelagic and ben-

thic species . 

3 . The layer varies in thickness and intensity within the 24 hour 

sampling periods . 

4 . We can speculate that oil introduced into the near bottom layer 

will probably affect the species composition and net production of the 

phytoplankton community either through direct toxicity or through detri-

mental effects on light conditions, nutrient conditions or grazers . 

5 . The ecosystem impact of changes in this phytoplankton reservoir 

will depend on the alternate choices available to grazers . 



water depth (meters) ; 
transmission (percent) ; 
salinity (pp t) ; 
temperature (°C) ; 
surface and subsurface light between 400-700 nm 

(uein . m-2 sec-1) ; 
light percent at depths ; 
in vivo relative fluorescence ; 
P04 (ug-at P Q-1) ; 
Si(OH)4(ug-at Si k-1) ; 
N03(ug-at N Q-1) ; 
N02(ug-at N k-1) ; 
NHa(ug-at N Q'1) ; 
chlorophyll a (ug 2-1) ; 

chlorophyll-phaeopigment ratio . 
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APPENDIX A 

Data summaries from four cruises of the NEPHY series providing date 
of cruise, cruise number, profile number, local time of profile, and 
secchi depth (meters), with a table of values for the following parameters : 
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CRUISE NUMBER 1 
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pn(E : Oh2y7N CRUISE r+UMOFKS 1- PR :IFILE NUMBER : 1 TIMEi NNAN ;ipCf.NI DEPTH : 

DEPTH TkeN9, SAL . TEMP, LIGHT LIGHT FLUOF, P04 St N03 N02 NH4 CMLA C/P 
SURF, 911A, n/0 

00 14,E 52 .33 28 .42 , 
NI 74,~n 
N2 74 . A 
A S 74,~~f 32 .35 28 .4N ,64 2 .2 0:00 .1N ,53 ,172 1 .INN 
Y14 74 .N . . . . . 
.A5 74 .N 
N6 7t1 ,0 37 .93 ?b,42 i 
47 74, .1 
08 14,0 ~ ~ :01 .0A ,64 ,192 1 .TVlN 
44 714,0 33,63 28 .22 
1~l 74 .0 
11 77 .E 
17. 72 .vA 34 ,4R 27,N9 , 

.50 2 .6 :13 .06 .50 .227 1 .167 
lu 70 .0 
15 7N .U 3u,b3 7e .17 , 
Ih 7 0 . 0 
17 741, :1 
18 7N,1 34,73 2K .10 1 .24 E .9 0 : 00 ,09 ,60 ,317 1,357 
l4 72 .E 
2 0 7 2 .14 
?1 7?,0 34,78 26,40 , 
2? 77_,N 
23 72 .E ,90 2 .5 ,29 .06 .37 .204 1 .1p2 
211 72 .t1 35 .33 24,N0 
25 17 .x" 
26 hb,a 
27 b2 .0 35 .48 21 .00 
2H 6H,a ,5P 5.2 0:00 ,11 .US ,41A 1,412 
79 hN,N 
3~1 6N.0 
31 bn,c+ . 
32 60 . 0 " ~ ~ . . ~ 
33 ?~±,N ,6u 7,4 ,2H .13 .72 2 .bu3 1 .525 



DafE : Nb?97H CN1119E wU~4HER ; 1, PRnFiLE NUMRERs 2 TIMEt 0530 3Ef.CHI DFPTHt 

nEHTH 1HnniS, SaL . TEMP . LIGHT LIGHT FLl10R, PnU 51 Nn ; N02 NH4 CNLA C/P i 
SURF, SUN . n/0 I 

--------------------------------------------- ---------------------------------------------------- ----------------------

3ti 67 .0 32 .62 29 .10 

Eli 67,14 32,62 29,1N ,53 2 .4 0.00 .l0 .75 .233 1 .154 
HU 67 .0 
05 h7 .0 
06 67 .0 s2 .7e 29 .1e 
07 67 .N 
04 67 .0 .51 2 .9 .16 .09 .277 1 .286 

t 09 h7 .,A 33 :05 29,Nfl 
a I N bh,N 

11 hb .~t 
1? a6,0 33 : -SO 29 : 00 

j 13 h l, a .72 2.7 0.00 .07 .57 323 11333 1 
14 63 .A 
15 6 3 .V) 33 .H9 2H .56 

bU,N , . . ~ ~ . . . ~ 

17 64 .0 
,61 2 .2 ICAO .12 .53 .294 1 .2e0 j 1H A4,4 34,6N 2N ,RN 

19 h4 . (A . . . . ~ ~ 

20 6 11 . 0 
21 64,R 34,96 28 HO 

! 2?. h?, .1 
25 h2 . o .57 3 .3 0 : PO .12 .57 .317 1 .267 1 

I 211 62 .vn 35,15 28,60 
j 21) b? . 

26 h? . 0 
21 62 .N 3S,IS 211,4N 

j 2R 52 .41 .49 4,2 P1 .00 ,11 .46 .391 1 .353 
E 29 52 .x+ 

30 ho . (A 35 .1N ?9,20 
31 41 .N 
32 11 .0 35 .66 74 .2R 
33 11 .o .68 7 .4 .12 *it .98 3 .148 1 .582 
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1 



i 
1 

t 

---------------------------------- 

i 

i 

DniEi 06297m CRUISE NUMRER : 1- PROFILE NuNPER : 3 iIMEs 13e0 SECCNI DEPTH : 23 .75 

i f)EPTN TRANS . $Al., TEMP . LIGHT LIGHT FLlIOR, P04 SI NU3 N02 NH4 CHI.A C/P 
SURF, SUB . n/0 

NN HH,N 32 .50 29 .46 64th 320 SN,O 
At HN,N . . 
02 NN,N 
33 Hg,w 32 .58 29,46 910 221 29,0 52 2 .2 0 :001 .08 ,95 .211 1,300 
A d H R, o 
i15 Pi A,N I 
btb R6,14 33,08 2Q .14 820 1137 22 .0 , 
ii 7 
NN Hh,N , ,48 2.6 N,NA ,N9 , ,23N I,4VIR 
09 HiI,0 33 .53 ?8,76 810 187 22,5 
114 ti 4, :i 
11 t44 .'4 
12 14 6,N 34,26 28 .711 ISSN 153 10 .2 I N 
13 96 ,o .52 4.7 0 ,Rq .07 .95 .255 1 .231 ~ ~^ 
14 No,~~ 
15 86,0 34,68 29 .00 1050 133 12 .7 00 
1h 86 .0 
17 86.t+ ` 
18 en,0 34 .914 20 .41 9514 116 12 .2 .59 3 .1 14 :00 .12 .95 ,310 1 .357 
19 Rb .d . . . . . . 
20 R6 .N 
21 H6 .0 35 .011 213,76 950 109 11 .5 
?2 lit) .N . . . . . . . . . . . 
23 K6 .N ,q7 3 .6 91 :90 .ll :no ,384 1,353 
2u 84,(4 35,13 28 .58 800 79 9,9 
25 84 .0 
?h 84 .0 
27 R? . N 35 .1a 213 66 760 61 9 .0 
211 H?,0 .51 4 .2 e,e0 .11 .85 .744 1 .433 
29 92 .14 
30 7H,0 35 .36 ?7,3h 7110 43 5 .9 ! 
31 7A .'4 
32 7H,0 35,H6 21 .56 
33 32 .0 850 20 2 .4 ,64 9,4 N,q0 .14 1 .30 4 .768 1 .625 
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OAIt" : 616Zy7e CRUISE MIiMHFRS 1 PROFILE NINtIERt S TIMES 2000 9EfCHI DEPTH: 
i 
i 

I 

OE. PTN iN4N3 . 3AL ., TEMP . LIGHT LIGHT FLUDR, P04 81 , N03 NOP NH4 CHLA C/P 
SURF . 9118, 0/0 

NH 3?, 75 79. 3? 1 .3 
N) 110 .14 . . 1 .3 
az no,a 1 .3 
0+3 8A,N 52 .85 29,32 1 .3 .58 2 .8 0,00 .10 .46 .18e 1 .200 
tAU A11,N , 1,3 , . . ~ 

Nb 79 .1+ 33,43 2p .31 1 .4 
.17 78 .14 1 .5 t 
04 7H,0 1 .5 .57 9 .2 ICON .10 .211 1 : -101, 
09 714,0 34 .44 28 .90 1,6 I 
10 7R .0 1 .7 

i 11 76 .0 k 2 .0 
12 1R,0 34 .1e 2e,o(i 2 .1 f-' 
13 714,0 2 .3 .51 1 .2 a .NN .A8 ,46 .192 1 .2N0 : L" 
14 73 .0 2 .5 Un 
15 79 ,A 34 .5w 28 .78 2 .7 

3,0 1b 79 .N 
17 78 . 0 3 .5 
1 Fl 7h,0 3u .N9 2E1 .4e 3.8 ,50 e,0 0,e0 ,11 .55 .2116 1 .250 
19 7b,ti 4 .2 . . 
2N 7h,N . 5.2 
2l 7h,0 35 .A" 28 .70 6 .0 
22 7h .0 7 .0 
23 76, :+ e .5 .52 5,8 0,00 .11 :so ,266 1 .333 
24 15,A 35 .22 ?8,40 10.7 
25 75 .E 12 .0 
26 75 .0 13 .3 
27 1U,N 45 .65 25 .20 14 .5 
28 71,1+ 14,2 ,B q 2 .3 0 : 00 .11 .39 ,497 1,450 

74 .0 29 13 .9 
30 611,0 35 .95 23 .20 13.6 I 

i 3) b0,0 12 .6 
3? 6A , 0 12 .0 
3 5 2H,14 35,95 2 1 .67 ,57 4,3 91 .00 .10 ,85 3,S86 1 ,53H I 



1 DALE : Ah ;a78 CRUISE KIMRER :_1 PROFILE NUMHER= 6 TIME : 0Pp0 9FCCHt DEPTH : 

UEPTFI THAN9, SAI . TEMP, LIGHT LIGHT FLUOR, P04 SI . N(1 ; NU2 NH4 CHLA C/P 
SURF, SUB . 0/0 

-------------------------------------------------------------------------------------------------------------------------
I 

Ac+ 32.57 29 .10 1 .3 
At 80 .0 1 .3 
02 80 . Vi 1 .3 
a3 Ho, c+ 32 .58 29,3 1 .3 .22 5 .7 ,54 .18 ,172 1 .222 ` 
04 1 .3 

1 .4 AS nN .~+ 
Hn 78,0 54 .014 29 .15 1 .5 
:f7 71 .0 1 .5 
46 78,0 1,6 ,06 18 .3 .75 .A9 .160 1 .25q 
04 7R,A 34,5N 29,05 1 .7 
1N 7R,M 1 .9 

12 7R,0 34,90 29 .90 2.3 . . 
13 7A .~ 2 .5 .12 7,2 0:80 ,09 .172 1 .222 ' v' 1 
14 7H .N 2 .7 In 

15 79,0 34,95 26 .90 2,9 
16 74 .0 0 3 .? 
17 7H,N 3 .6 
18 7b .0 35,15 20 .901 4 .4 .70 1 .9 .07 .11 .227 1 .273 
Iq 76 .0 5 .2 . . 
20 76 .0 S .8 
21 75 .0 35 .25 78 .78 60 
22 75 .0 7 .6 
23 75 .0 q .5 ,08 4,0 .66 .12 .202 1 .309 

24 74,0 ;5,45 214,62 f1 .4 
25 7 4 . 0 14 .2 
26 74 .0 15 .11 
21 73 .A 35 .55 2e .48 17 .1 
2H 73,N 16 .4 .03 6,1 .14 .13 ,292 1 : 305 
29 13 .E 16 .4 
30 42 .0 35 .68 2e .e0 15 .A 
31 42 .0 15 .2 
37 47,0 35 .76 23 .20 14 .5 
33 5.N 0.00 15 .2 .81 .10 2 .340 1 .50P 
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pAiF. : 072o18 CRUISE MUMHFR=-2 PRUFIIE NUNRER= 1 TIME : 1200 9ECCHj UEPTHi 26 .00 

N 
1 
w 

DFPiF+ iH4N9, SAL, TEMP, LIGHT LIGHT FLUOR, P114 31 N03 N02 NH4 CHLA C/P 
SIIRF, SUP, 0/U 

------------------------------------------------------------- ----------------- -------------- -----------------------

NA nS,S 36 .50 27 .20 175H ISNR 135 .7 1 .7 
X11 95,5 1 .R 
A2 A5 .5 1 .2 . 
03 A5,5 36,50 27,15 17Ne 1197 10,1 1 .2 ,A9 7,2 9,PA .31 .5B .240 1 .25N 
au R5 .5 1 .2 
n5 s5 .5 1 .3 
P6 85,5 36 .50 27 .10 1700 998 58 .7 1 .2 
07 RS .a 1 .2 
04 94,0 1 .3 .188 1 .2140 
N4 N4,0 36,50 ?7,145 1700 765 45,14 1 .3 

nn,N 1 .3 
11 84 .a 1 .4 0 o 
12 94,0 36 .48 26,98 18e0 599 33,3 1 .3 
13 83 .n 1,4 ,07 1 .5 ,43 .?1 .42 .211 1 .300 
14 73 .0 1 .4 , 
15 83,ti 36 .4N 2h,91 1775 505 29,11 l,4 
16 83 .0 o 1 .5 o 
17 gioo o 1 .6 
18 87 .o 36,46 26,75 1700 432 25 .4 1,7 ,19 2 .3 .10 .11 .24 ,299 1,286 
19 H? .o 1 .8 o o' 
? j+ 82 . ~1 2 .0 , ,669 1 .583 
21 91 .0 36,41 26,30 1750 372 21 .3 2 .1 
22 110 .0 . 2 .3 
?3 Stt,I 2 .6 .23 .4 .II .p5 .q2 1 .7R9 1 .515 
24 3R,14 36 .39 23 .75 1e00 333 19 .5 3 .3 
25 2R,A 5 .0 
26 22,N 6,6 
77 20,0 16,39 23,22 1HNN 20A 11 .1 9,2 
211 19 .0 11 .4 .24 1 .4 .22 .05 1 .77 2 .369 1 .535 
29 11 .0 12 .3 
30 I6 .0 i6 .39 23 .21 1R00 1291 6 .7 13 .3 2 .516 1,556 
31 15 .14 13 .3 
32 15 .E 36,39 23 .21A 13 .3 .20 2,0 ,11 .07 .711 2 .463 1,569 
33 15 .0 18 NN 9R 5 .N 



DALE : 072478 CRUISE NUMBER : 2 PROFILE NIIMHER : 2 TIMES 1600 SECCHI nEPTHt 23 .00 j 
i r 
f 

i>EPTH TRANS, SAC, TEMP, LIGHT LIGHT FLUOR, P04 9I N03 N02 NH4 CHLA C/P 
$IIRF, SOB . n/n 

by HS,N 3b .52 29 .04 1b0N 13N{1 . 81 .3 1,4 , , 

02 M4 . 0 1 .3 
0 3 R3,u 3b 50 2.18 : 711 1600 865 5u,R 1 .8 .2e 1 .6 .13 .10 .92 .259 1 .333 

NS A3 .N 1 .9 
AA N7,5 36,04 2R,14 1650 333 2N,2 1 .9 j 
07 R2 .5 1 .9 
A 8 R3,0 1 .6 .227 1 .166 
144 H3,0 36 .p8 27 .A9 1600 319 19,9 1 .6 
1 H 3 , N 1 .4 
11 H4,N 1 .4 
12 H3 .14 36 .4 N 27 .3 11,130 359 22 .4 1,4 
13 H3 ,N 1 .5 .48 1,9 .18 .09 .74 ,243 1,250 
to 83 .0 1 .5 ' 
i5 A4,0 36,50 27 :149 1650 333 2P,2 1 .6 

j to e3 .N 1 .6 
17 A 3 . 'A 1 .7 
1H 83 .0 3b : 511 26 .79 1650 333 20,2 1 .7 .1B N . N ,20 .12 .61 .3H1 1 .3H5 
19 82 .0 1 .8 
20 K1,Li 2 .1 " . 1,071 1 .5001 
21 82,01 36,40 23 .94 1600 346 21 .6 2 .4 

23 NI,o 3,1 ,30 1 .6 .26 ,08 .52 2,283 1 .524 
24 80,0 36,39 23,147 1700 346 20,4 6,3 
25 70 .0 13 .3 

. 26 52 .94 15 .8 
27 28,11 36 .39 23 .44 1790 293 17 .2 16 .7 
28 21 .0 17 .4 ,37 1 .5 .16 .14 .74 2.626 1 .521 
?9 19,x+ 17 .7 
30 t � ,0 it, .u0 3 : 4's 1650 200 12 .1 111 .3 2 .65N 1 .9,42 
31 17,0 18 .3 
32 16 .0 3b,40 ?3 .114 18,6 ,79 1 .7 .22 .09 ,74 2 .541 1 .511 
3s 16 ,!t 1 74iP 160 9,4 - , 

r 
I 

i 



i 

DATE : N7?47R CRUISE Pd11NyER ; 2 _ PRDFII.E NUl4NER=1 3' TIMEt ZNpN 9ECCHT DEPTH: 

i (IEPiFi iNAN3, SAI . TEMP, LIGHT LIGHT FLUOR . PUO SI N03 NU2 NHU CHLA C/P 
SURF . 9118, Q/0 

y0_____N5:5-___36

.42__ " 2R .P2 1 .5 ------------------- :------- ------ :-------- :------- ------- ------- ------- :-------- ---- 

j 

i 
y1 H5 .5 1 .5 
42 #4s . 5 1 .5 
03 95 .5 36,43 713 .R2 1 .5 .18 1 .3 .21 .09 0 .00 .I88 1 .333 

I 04 H5,5 1 .5 
715 H5 .5 1 .5 
Stb HS .S 36,44 28,81 , 1 .5 
AT K5 .5 1 .5 ' 

I 08 95 .5 1 .5 .246 1 .364 
;~9 N~l,a 36,1a4 2A,45 1 .5 

1 .6 
I Il P7.,~± 1 .b 

12 R2 .0 56,44 28 .21, 1 .7 j ' 
` 13 +su,~ 1 .8 .41 1 .2 .15 .10 .P5 .262 1 .231 

14 e4,0 1 .9 Ln 1 
1'i H4,N 3b .45 27,8N 1 .9 f L^ 
16 84 .0 . ~ 1 .9 
17 A3 .0 1 .0 
1 H AN, N 36,45 26,91 1,11 ,33 1 .1 .25 .07 ,16 .407 1 .412 

' 
9 80 .14 2 .91 

20 h u .N 2.0 .. .963 1,333 
71 311,0 36 .40 24,NN , 2,4 

' 22 1 R, ;, z .b 
I 23 17,0 5 .0 ,34 2,2 .20 .12 .21 1 .9411 1 .414 

24 1n .0 36 .39 23 .9N 11,7 
25 I I, :1 13 .0 
26 16 .0 1p .5 
27 15 .1 36.39 23 .95 14 .2 
78 13 .N 13 .9 .38 3 .7 ,32 .11 .71 2 .361 1 .467 

j 29 12 .P 13 .3 
3o 12 .o 36 .38 3 : no 13,0 2 .689 1 .531 
31 12 .N 12 .3 
32 17,E 3b . 38 23 .7a 12,6 1 .11 3 .1 .26 .I0 .49 2 .572 1 .532 
33 

j 



I . 

1 w 

OnTE : 072978 Ckui3E NUMHFRt 2 PROFILE. NUMBENt 4 TIME : PNNp SFCCHI DEpTHt 

nEPTH IkAWS, SAL, TEMP . LIGHT LIGHT FLUOR, PU4 31 Nqj NU2 NH4 CHLA C/P , 
SURF . $11R, 0/n 

d5,5 36 .48 2H . 7P 1 .6 

02 H5 .5 1 .7 I 
N3 85 .0 36,48 28 .70 1 .7 .1413 12 .0 .15 .12 1 .11 .204 1 .1112 

NS H5 .5 1 .6 
(46 95 .5 36 .413 ?6 .65 , ~ 1 .7 
07 85 .5 ~ ~ 196 . ~ i 
NH H5 .0 ~ 116 ~ ~ ~18N ~~1 :20P }
b9 HS,14 36 .51 27 .711 1 .4 9 9 i 
to 85 .4 1 .4 9 

12 8H,0 36,52 27 .40 1 .3 
13 N .9,~1 1 .2 ,04 7,8 .12 .15 .613 :1811 1 .2N0 
III AN .N ~ 112 f ~ ! l.!1 
15 13 R,0 3b,52 27 .28 1,3 
Ib NH, :4 o ~ ~ 1,3 
17 BH .N . 1 .4 . 

:1 
j 

H HH .~~ 3n .48 ;f : so 1 .6 ,03 26 .7 .16 .1n .7, 172 1 .222 
t9 ey,0 I .b 
24 HK.,] 2 .3 " . .299 1 .111 
21 87,0 36 .42 24,50 3 .6 , 
zz en .0 5 .3 , 
23 u z o f 5 .4 ,06 12.6 .10 .15 .Fig .924 1,35A 
?4 ;9,N 31+,4N 74 .3N 6,3 
?5 35 .E 7 .0 
26 51 .14 14 .5 
27 19,o 36,39 211 7 .6 
28 29 ,N e,2 .04 17 .7 ,20 .14 .7H 1 .439 1 .464 
29 2b .o 8 .2 
3H 7.3 .(e 36 .59 211 : 10 8,5 1 .736 1 .495 
S 1 20 . 0 9 .? 
32 20 .0 36,3Q 24,N5 9,5 ,08 11 .0 .17 .13 1 .19 1 .931 1 .116N 
33 



i onrE : 072578 CRUISE NIIMRERt ? PROFILE NUMBER= 5 TIME : 0400 9ECCHI DEPTH : 

DEPiF~ TRANS, 3AL . TEMP, LIGHT LIGHT FLUOR, P00 SI NOi N02 NH4 CHLA C/P 
i SURF , sue, oin 
i ----------------------------------------------------------------------------------------------------------------- "------- . 
i 
1 P1N §5 .S 36 .49 28 .60 1 .3 f 

N1 d5,5 1 .3 
02 89 .5 1 .3 

i 03 eS,5 36 .53 28 .59 ; 1 .3 .02 6,1 .1e .12 .33 .243 1 .250 
:f4 85 .5 1 .3 I 
NS 85 .5 1 .3 
06 AS,S 16,48 28 .15 1,4 
147 85 .5 1 .3 

j 38 H5 .5 1 .4 .243 1,25N 
49 85 .5 36,49 X7,65 1 .4 
10 85 .5 1 .4 

' 11 85 .9 1 .5 i 
12 95 .5 36 .54 27 .63 1 .8 ' F 
13 85,S 1 .6 ,15 2,8 .15 .12 ,05 .262 1,231 
14 85 .5 1 .6 1 t 
IS 84 . IA 36,49 27 .4N 1 .8 
Ih 84 .0 1 .7 
17 94 .0 1 .5 
1R 83 .0 36 .51 27 .85 1 .9 ,05 8,2 .19 .13 0 .00 .333 1 .333 4 
19 8p .0 2 .9 
20 83 .0 5 .0 .349 1 .312 ' 
21 H4 .e 36 . 41A 25 .20 i 5 .4 
22 F13 .0 6 .6 
23 82 .0 7 .0 0,00 3.5 .17 .15 .33 1 .316 1 .357 
7u 80 . VI 36,39 20 .70 7 .N 

'i 25 HH,i7 7 .0 1 
2h 52 .0 7 .6 
27 24,0 36 .39 24,60 7,9 ' 

i 2H 214 .0 7 .6 .16 10,2 .15 .17 .33 1 .697 t,vt2 I 
29 20 .14 8 .5 } 
3N 20 .0 36 .39 24,60 9 .2 1 .760 1 .429 
31 24 .0 9,8 

~ ~18 ,SP 1 .916 1 .459 32 2.1,N 36 .39 24 .60 10 .4 .30 1 .5 .12 
' 33 r 

I 

i 
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pAft : X17?.57H CRUISE NIIMBERS 2 - PROFILE NUMBER : 6 TIME : 0800 SECCHI DEPTHS 19 .00 

i 

DEPTH TRANS. SAC, TEMP, LIGHT LIGHT FLUUR, P04 SI N03 N02 NH4 CHLA C/P 
SURF , SUH, n/0 j 

.._.... . ...... . .. . .............._... . ._ ........................ ........ . ...... ............ . .. . . ... .............. . .... .. I 

I sio 65 .5 36 .48 28 .59 900 767 85 .2 1 .8 
NI N5,5 . 2 .1 
142 N5,5 1,7 
143 e5 .5 36,148 28 .50 40e 433 413,1 1 .7 .19 1H .8 ,45 .07 .27 .294 1,200 i 
N4 H5 .5 , 1,8 
'v15 k35 . 5 2 . Pi 
N6 fl5 .5 3b .49 28 .55 P75 333 38 .1 1 .6 
07 85 .5 1 .6 
08 85 .5 1,6 .263 1 .231 I 
04 85 .5 36 .117 28 .15 900 307 34 .1 1 .6 s 

11 H5,5 1 .7 
12 85.5 36 .49 27 .85 875 280 32 .0 1 .7 
13 135.5 2 .w .11 19,2 .53 .09 .13 .243 1 .154 
14 85.5 2 .1 
IS 85,5 36,50 27,75 99191 253 28 .1 2 .2 

} 16 HU,A 2 .8 
17 82 .0 3o3 
18 7H,H 36 .46 25 .95 875 207 23 .7 13 .3 .13 19 .9 .23 .13 .30 ,659 1 .310 

20 60,0 4,2 " . ,918 1,35A 
21 42 .(4 36 .42 24 .75 875 167 19,1 5 .3 

5 .8 27 3b .~~ 
?3 33 .E 6 .91 ,20 12 .5 .32 .11 .27 1,9100 1 .31 
2,1 50 .0 36,39 24 .75 075 133 15 .2 6 .6 
?9 27 .0 7 .3 
26 2a .0 7 .6 
27 2N,H 36 .39 24,75 900 1017 11 .9 7,3 
2" 21 .N 7 .6 .13 8 .3 .27 .14 .39 1 .400 1 .481 
29 25 .0 7 .6 
34 22 .0 36 .39 24 .75 900 101 11 .2 7 .9 1 .669 1 .424 
31 17 .14 802 
3? 15,N 36,011 24 .75 8,8 ,13 5.9 ,18 .15 ,42 1 .845 1 .405 
33 14,A 900 99 it ." 

i 

f 



i 

DniE ; N1?57R CRUISE MUMHFR=,2 PROFILE NUMBER : 7 TIME= 1200 3ECCNI DEPTH! 29,0a 

i 

DEPTH TRANS . SAI_, TEMP, LIGHT LIGHT FLUOR, POq SI~ N03 N02 NH4 CHLA C/P 
911RF . SUN, (1/0 

------------------------------------------------------------------------------------------------------------------------- 

c+r 8S,9 36 .41 28 .60 1225 9910 73 .5 1 .7 
01 2.0 
A2 95 .S I Fl 
03 45,5 36,47 28 .60 1250 APO 64,0 1,8 .14 9.3 .34 .12 .24 ,690 1,235 
N4 NlI,N 1 .R . . . . i 
HS 93 .0 1 .A 
06 81,0 36 .118 ZR .3B 1 ?4N 700 56,5 2.0 
III 7A,N . ~ . 2 .2 ~ ~ 
Nn 75 .0 2.6 1 .02b 1 .364 
09 74,0 36,48 2fl .?0 1?35 6140 4R,6 3.P 
1N 74 .0 3.5 ' 
it 7;?," 4 .0 
12 bean 36 .38 27 .83 1225 533 43 .5 

4,8 ,14 14,15 .53 .18 ,42 1 .548 1,419 c ", I 
4 . Fl 

1 j (+ 7 . ,~ 
j lu hn,,l , . 4 .A . . . . . . i In 

' 15 b3 .0 3h,37 27,4P 12;1-5 453 37,p 4.6 
1 16 S7,0 5 .1 

17 5i1 .N 5.4 
IR 58,0 36,40 27 : 114 1720 4 0 O 32,7 7,0 .15 12 .0 .48 .07 ,42 1 .514 1 .yl7 
19 64 . a 7 .6 
20 60,61 , 7 .0 1 519 1 3nu , . ~ 
21 SN,c+ 36 : 3A 211 .7P 172N 367 3A,1 6.8 
2? 94 . 0 6,2 
23 54,11 7 .0 .15 15,6 ,28 .09 .39 1,4N7 1 .481 
24 53 .N 36 : 38 ?4 .1P 12410 300 25 .0 7,0 
Ps '32 ." 7 .9 
26 52 .E 7 .6 
27 5 A,vt 36 .3H 24,79 1200 2140 23,3 7 .6 

7 .6 .15 14,8 ,21 .11 .36 1 .369 1 .444 28 bq,N 
66 .0 7.6 29 

3A hh,0 36 .39 211,711 1200 253 21 .1 7 .9 1 .735 1,441 

31 6h .0 7.9 
32 68,0 36,58 24,70 7.9 .19 14,5 .28 .13 ,96 1 .993 1 .400 i 
33 110,0 PIN ?40 19,R 

1 

I 

I 
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CRUISE NUMBER 3 
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w 



PRnFiLE NUMBER : 1 ~ TIME : 1345 SECCHI DEPTH : 4 .00 f)Alf. ; L1y?57H CRUISE NIIM9fRS'3 

G 
i 
V 

I 

I 

I 
1 
I 
i 

t 

DEPTH TRANS. SAC, iEmP, LIGHT LIGHT FlUOR, P04 8I' N03 NUZ NH4 CMLA C/P 
SURF . SUR, 0/n 

NN 13 .x+ 31,62 29 .34 1300 426 32 .9 7 .0 

(42 13 . 
01 Is .-4 6 .9 

7 7 .01 
713 1A,(4 31,62 29,34 PSA 86 10,2 6,9 ,29 3,3 ,950 .36 .96 1,446 1 .519 
144 12 .1 7 . F1 
ws 13 .0 6 .8 
A6 14,4 31 .62 29,14 770 30 3 .9 6 .5 
A7 15 .9 h,5 
NH Ih,H 5.2 ,29 3.7 ,46 .35 1 .1118 1 .4 79 
+14 1 h,A 31 .64 29 .14 770 414 5 .2 3 .8 , , 
114 15 .9 3 .6 

, II 15 .8 3 .4 
12 16,11 31 .68 29 .N9 840 73 ,9 3 .5 
13 17 .9 3 .9 ,36 4 .4 .45 .32 .99 ,860 1,389 
14 30,c1 3 .7 
15 57 .0 31 .92 29 .140 1 ;00 60 .5 3 .8 
th 117 .5 3 .7 
17 47,5 3 .6 
1R 49,R 3?,22 29,24 3 .5 ,18 2.5 ,44 ,41 .71 .765 1 .364 
19 4V,H 3,0 , . , 
20 49,e , 3 .3 .25 2,Q .25 " .23 , .575 1,435 
21 52 .2 32, .n? 79,3u 3.2 

23 611 . it 3,91 ,43 4,6 ,23 .27 .75 .461 1 .273 
24 6H,6 32 .72 2Q .24 2 .9 
25 hK,6 2.0 
7h h? .7 ~ ~ ? .A 
27 62 .7 33 .52 29 .?4 2.7 
28 62 .7 2 .7 .43 4 .6 ,27 .47 .56 ,525 1 .333 
29 45 .2 2 .7 
3A 2,6 34,12 ?9 .24 , ,40 4,U 2 .26 ,49 ,450 1,273 
31 ,25 2 .1 .89 .55 .62 .499 1,251A 
32 
33 



OAff . N97.STH CRUISE NI1MF1fRS 3' PR(1FILE NUMRERt 2 TTMEI 2000 3ECCHI DFPTHt 1 

DEPTH 1KANS, SAL, TEMP . SIGHT LIGHT FLOOR, P04 SI N0 ; N02 NH4 CHLA UP 
SURF, 9UR, 0/0 j 

-------------------------------------------------- ------- --------------------------------------------------- ---------

A0 45,2 32,40 29,?_A 616 
01 LIS .? 6,,6 
02 115 .2 6,9 
03 45 .2 32,40 29,2N 7.0 ,36 2 .11 .66 0.08 .22 1 .227 1 .458 
04 47,5 6.6 

06 47 .5 32 .41 29 .2N , 6 .6 . 
07 (47 .5 6,6 

36 2~6 ~45 e~PO ~ 1~15N 1~d35 I 08 49 .2 6 .7 
9 u7,5 32,41 29,2+ 6,5 

~ 
0 
1N 45,2 6.6 , , 
1 1 45 . 2 606 . . 
12 45,2 32,4N 29 .20 6,6 
13 45,?_ 6,5 .32 2.9 ,62 0,00 ,R4 1,110 1 .454 
14 115 . 606 0 
IS tlti,2 32,41 29 : ;10 6,4 
16 4 3 . 0 5.9 
1 7 11'i . 2 5 .8 . 
18 45,2 32 .4H 29,30 5 .1 ,36 2.A .5A ,06 ,960 1 .44R 
Iv 47,5 4 .9 
2 .1 11a, R 4,5 .!q 1 .9 .71 " .2A ,673 1 .333 
21 54,7 32 .70 29,?9 4,0 
22 57,3 3 .7 
7.3 60,4 3 .5 ,36 4,A .42 .13 .33 .1176 1 .2A7 
214 . 7R,1 33 .10 29,?0l 3,4 
25 q1,5 3 .1 
2h 144 .9 3 .2 
7.7 71,h 33,RN ?y .7,0 3,4 
2H ?.41 .!j 3 .7 .43 5 .A .32 .20 .49 ,59t 1 .395 
24 3o, N 5 .2 
30 16,e 34 : 20 29 .70 4,0 .47 5 .4 .65 .35 .62 .712 1 .312 
31 H .5 . 
3? 
33 

N 

1 
01 
N 



pFPli1 1RnriS . 3AL. (PIP . LIGHT LIGHT FLUUR, POq SI N03 NOZ NH4 CHLA C/P 

SURF, SUH, n/n 
------------------------------------------------------------------------------------------------------------------------- 

i Nbt hH,b 12 .38 2y .9(, , 6 .2 
NI hH .h 6.3 

l 02 71 .6 6,3 
:t3 71 .n 32 .38 2Q .97 6.2 .65 7 .0 , ;a 0,00 .42 1 .079 1,409 

Oil 71 .6 6 .1 
X15 71 .h h,3 I 

i 16 11 .n 32 .38 29 .97 6 .1 
07 68 .6 6*0 

6 .1 .25 3 .5 ,82 .05 . 1 .150 1 .435 I NH bN,~, 
;+9 e5 .6 12 .38 29,97 6 .91 

' j to nq,t, ~ 611 
11 h5,b 6,0 . . i 

1? h5,6 32 .u3 29,47 b,1 
l3 h5,h 6.1 1 .76 4N, H .33 .07 .27 1 .15N 1 .500 I 

tv t,N,t+ ¢.1 ~ V 
1ti h5 .6 12.53 ?_9,1h 5.4 
1b h0, N y.8 . . a 

17 60 .0 4.6 
1H 57 .3 37 .63 29,26 4.2 .75 3 .7 ,26 .16 .22 1 .078 1 .11919 - 
19 52 .2 4 " A 
20 49,8 , 3 .R ,43 5.6 .34 " .20 ,647 1 .4N9 ; 

i 21 1 y,H 33 .10 29,26 3.6 
i 

7? 52,7 3 .4 
23 7u,9 3 .2 .36 3.5 .41 .24 .26 .602 1 .?.e6 

7.u 7N,1 33,5H ?q .Ib 3 .3 
z5 t,n,t, 3 .5 

I 2e ~it .N 3 .9 
27 3n,c-+ 33 .'13 2q .16 4 .91 
28 2~4,2 4 .3 .IA 2 .1 .76 .16 .95 .634 1 .267 

29 11 .3 4,3 
30 1 34 .33 29 .16 4 .2 .IS 2 .1 .63 .39 ,64 ,673 1 .333 

31 
31? 

I 33 

I 

I 

i 

i 

1 

t 

i QAIEi 0'+2h7R CRUISE P4UMHER='3 PRf1FTLE NUMBER : 3 T]MEt NPOq SECCNI DEP1Nt 

I 
I 



l 

w 
i 

DATE : 092678 CRUISE NUHRER="3 PROFILE NUMBER : 4 11ME2 0400 9ECCH1 f1EPTHt 

DEPTH TkANS, SQL. TEMP, LIGHT LIGHT FLUOR, POq $I' N03 N02 NH4 CHLA C/P 
SURF . 9118, 0/n 

Ao hw,N 52 .22 2R .9u 5 .0 

, N2 57,3 500 
0 3 57,3 32 .22 2ts .H4 S,N .43 3 .2 .35 .27 .56 .A92 1 .3A0 j 
04 57,3 . 5 .0 

06 
01) 57 .3 5 .1 

57,E 32 .22 2N .8 11 S .0 
pw 7 57 .A 5 .1 
u8 57,3 5 .1 .29 2 .1 .29 .26 .e14 1 .33 
44 54,7 32 .23 211 .84 5 .1 
10 S11 .7 5 .1 o 
1l 57,3 5 .1 . ` 
1?. 57 .i 32 27 28 .911 5 .1 ~ N 
13 57 .E 5.2 .32 2.8 .36 .28 .66 .9211 1,3S0 v' 
14 54 ,7 . 5 .2 . . . . . . C~ 
1S 54 .7 52,3b ?9,9b 5.3 
to 511,7 5 .7 

1R 5n,7 32 .72 2Q .Ny 5 .7 .10 1 .H .37 .34 .62 .962 1 .273 

20 h2,7 5 .7 .29 3 .2 .27 " .27 . ,962 1 .333 
21 65,6 32 .8 29,12 5 .5 I 
22 h2 .7 5 .5 
23 67,1 5 .1 ,q3 4,9 ,29 .54 .60 .853 1 .316 
24 54,7 33,47 29 .09 q,9 
25 41,1 4 .4 
26 31 .6 4,1 
27 10,0 34 .47 29 .119 

~4 .0 ,22 3 .5 ,55 1 .50 .60 .251 1 .294 
4 .0 

2N 21 .4 
24 1? ,I 4 .3 
40 6 .7 35 .12 29 .09 X4,6 .29 4,0 ,68 1 .32 .62 .962 1 .217 
31 I 
32 
33 



DA1F ; N9267R CHUISF NIIMHFR= } PROFILE NUMHERt S TiMEt NBNR SECCNi DEPTH! 3.50 

F 

c 

I f 
I 
i 

i i 

i 

DEPTH iRANS, g41., TEMP, LIGHT LIGHT FLUOR, P04 31 N0; NOZ NH4 CMLA C/P 
SURF, SUp, n/n 

0H 41 .5 32,12 2n,R4 25O 93 37,2 6.6 
III lls .? 6 .9, 
+2 u7 .5 6.5 . ' I 
0,; 47 .5 t? .17 28 .84 230 33 14 .3 6,5 ,43 4 .9 .33 .27 .94 1 .142 1 .3P0 
04 47 .s 6,6 
A5 47 .5 6,4 
06 147,5 12 .12 21i .R4 25u 19 7,6 6 .4 
07 117 .5 6,5 
AH 41 .5 6 .1 .40 3 .9 .34 .22 1 .072 1 .348 
n9 47 .5 32 .11 28 .84 240 11 4 .6 6,1 
1N 47,5 6,1 ' 
11 47 .5 5,9 
12 47,5 32 .11 28 .94 ?40 7 2 .9 6 .0 
13 47,', 6 .1 .9A 13 .7 .31 .22 .99 1,065 1 .409 
14 47 .53 6 .0 
15 47 .5 32 .11 29 .96 240 5 2 :1 5 .9 

6 .1 16 45 .2 
17 u'i .z S .5 
19 47,5 32 .12 28,94 270 4 1,5 5,5 ,47 5,6 .20 ,12 .89 ,895 1,369 
19 47 .5 5.6 
20 45 .? 5 .6 .43 4,9 .45 " .39 .853 1 .316 
21 43,0 32,57 28,94 275 3 1 .1 5 .4 
27 43 .0 5 .3 
23 '49,8 5 .3 .47 4,9 .36 .62 .94 .775 1 .278 
24 u5,2 32 .82 24 .09 275 3 1 .1 5 .1 
25 24 .0 4 .6 
?h y,H , 4,4 
27 8,5 33 .42 T9,09 4,2 
2N 5,3 4,6 .65 10 .2 ,65 1 .46 ,R9 ,782 1 .210 
24 4 .5 4 .8 
30 34,17 Z9 .09 4 .6 .58 R,8 .84 1,41 1 .So 1 .384 1 .171 
31 
3? . I 



i 

pniFt 0y?h7H CRUISE MMINEF ; 3- PROFILE NUMBER= b TIME : 1208 9FCCNI DEPTH : 

I 

DEPTH iRnNs, 3AL . TEMP, SIGHT LIGHT FlUOR, Pp4 S1 N03 N02 NHU CNLA C/P 
SURF, 3118, 0/0 

------------------------------------------------------------------------------ -------------------------- --------------- 

nc~ Ua,R 31 .80 7A .9A 1100 798 72 .5 6.5 
0 1 49 .8 6.8 

i u2 vq .N 7.3 . 
i 13 49,9 31~8G1 2H :98 1511N 299 19,9 7.6 ,43 d,5 .21 .12 ,69 1,361 1 .444 

146 
0 C; 47 .9 13 .0 

el 7,5 31,N1 29,90 1S00 12b 9,4 8.3 
I n7 47,5 7,7 I 

An 49,A 7.0 .43 3 .5 .25 .20 1,252 1 .44e 
A9 qq,8 3(,H4 28 .911 1500 73 4,9 6,5 

II 5? .2 5.9 , ' 
I 1? 52 .2 ;1 .Q4 28,oR 1500 40 2.7 5 .7 N 

13 S2 .a 5 .7 .117 q .4 .31 .22 .60 1 .1N4 1 .454 "' 
I u S? .z 5.7 a+ 
15 uv,H 32,0y 211,qR 1500 2A 1 .3 S,6 i 

j Ih uq,H 5.5 
17 44 .4 5 .1 
114 47,5 32 .111 29', NN 4,9 ,36 4,9 ,27 .19 .85 .it bN 1,389 
19 u7 .5 y " N . " " q95 1 .36A I 2~~ 57,?_ 4,7 .59 6 .7 ,49 ~14 , . 
21 52 .2 32 .1y 29 .c+N 4 .7 . 
22 45 .2 4 .6 
23 41 .~4 4,4 ,43 4 .9 .44 .62 ,92 ,775 1 .27F 
241 39 .o 32 .94 ?4 .18 4 .1 
25 35,1 4,1 
?6 5.1 4 .2 
27 5.R 32 .91 t9,IA 4,5 
2p 6,R 4,5 .47 7 .6 ,41 .72 1 .29 .821 1,263 
24 S.H 4 .7 
30 2,8 35,N9 79,1N 4,9 .66 1 .05 1 .28 1 .p13 1 .200 
31 
3?. 
33 



F 
l 

I 
C CRUISE NUMBER 4 



f1EPTH ikAr19, 3A1., TFMp, LIGHT LIGHT FLUOR, P04 SI N03 N02 NH4 CNLA C/P ' 
SURF, SUN, 0/U 

-------------------------------------------------------- -----------------------------------------------------------------

NN 71,3 33 .04 23 .02 IISN 99H 57 .0 , 
vi I 1A, N 
02 711 .0 
+3 711,0 33 .A4 23 .42 1000 499 27 .7 .52 9,3 .31 .19 , .35 2412 1552 
NY 7 4 . 0 
NS 74 .0 , 
Hb 714,0 33,04 23,42 1700 266 15,6 
07 7q,o 
A 74 .0 ,52 9,3 ,31 .17 .33 2 .549 1 .514 

0 14 74,1d 33 .N4 23 .q4 1 RNN 120 6 .7 
1(1 714 .4 . . r 
11 75,4 . 
12 75 .11 33,04 23 .45 600 27 4 .5 
13 7R . 1 ,55 9 .3 ,31 .17 .31 2 .715 1,462 
111 79 .5 
15 9N,9 33 . 10 23,52 440 13 2 .9 
16 HV1,9 

1H 8?,3 33 .41 ?3 .90 950 9 1 .0 , .SS 9,5 .95 .74 .75 2.153 1 .452 
19 8? . 3 
20 79,5 - . 1 .6116 1 .3Q4 
21 74 .2 34,78 ?_5 .3?. 500 6 1,1 
22 74,0 
23 613 .S .55 0,7 1 .59 1 .14 .57 1 .2e0 1 .400 
24 57,6 35 .17 25 .72 10,50 11 ,7 
25 27 .4 ,72 11 .3 3.50 1 .65 ,998 1 .318 
26 lm .y 
77 Io,4 35 .52 26 .115 
28 11+ .q .65 11 .5 2.87 1 .25 .49 ,910 1,358 
29 9 .6 
3cs 8,2 35,7N 26 .20 , 

. 31 6 .9 
32 b,9 ,62 1N .2 2 .23 .96 .71 .665 1 .357 
33 

H 
Ln 

I 

f 
i 

i 

I 

- - - - - - - - - -- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - --- 

' DATES 11NH7H CRUISE NIrMRFRt 4 ~ PROFILE NUMOER= I T1MEt 1200 SECf,HI bfPTHt 9,AN 



w 
7 

pA1LE I1ON7A CRM3E roUMNEks 4- PROFILE NUMBER : 2 TIME : lbPN SECCHI DEPTHS 9 .00 

Of P1H IRAP13 . SAL, TEF+P, LIGHT LIGHT FLUOR, PQ4 SI N03 N02 NH4 CNLA C/P 
I SURF , SUR, 0/(1 

------- ------------------------------------------------------------- ------------------- -----------------------------

NN 79 .7 33 .10 23 .50 379 53 14 .1 i 
1 X11 79 .7 

+12 NI,N 
j s13 81 .0 33 .10 23 .50 324 17 5 .2 .45 11 .5 .31 .39 .07 2 .308 1 .477 i 

. ! ~Q Rt,a 

NS R1 .0 
' ' 146 K1 .11 33 .191 23 .50 350 12 3,4 

07 At .1i 

An 79,7 .55 10,9 .31 .31 .09 2 .340 1 .467 
j t1~ 79,1 33,10 ?3 .50 350 9 2,6 
i 1 0 79,7 

11 RI .N 
12 112 .3 33 .10 23 .5N 35N 7 2 .1 
13 91,7 .55 9,5 .31 .31 .01 2 .418 1 .47e 
1u 90 .3 
15 Rv,j, 33 .50 23~7N 350 5 1 .3 - 

0 . 0 . 0 1h H4,N , I 

17 
33 .110 24 .10 350 3 .4 .48 8 .9 .31 .37 .16 1 .761 1 .429 1e y7 .9 

19 91 .6 
7N 12,9 .45 6,4 .07 . .39 1,39N 1,345 
21 9l .ti 34,70 25 .70 35e 2 .6 .' 

f 2? 91 .6 
23 RS,0 .45 7 .6 1 .27 .85 .14 ,949 1,334 

24 74,7 35 .25 25 .97 
?5 75 .7 .58 9,3 2 .55 1 .36 :9-55 1 .3e1 
?h 57 .1 j 
21 37 .?. 35,60 26,10 
2A 211,,1 .5R 7 .7 2 .55 1 .05 .61 .840 1,25N 1 
2'o 1 H . b ` 
314 13,3 35 .85 76 .23 
31 I 
32 l .58 A .4 2 .23 1 .A2 .6t 
33 

i 



i I w 

i DAfF : 14R78 CItU1SE NUMBER= +s PROFILE NUMBER : 3 TIME : 2000 9FCCHI OEPTNS 

I 

i 
l 

nFPTiI TRANS . SAL . TfMP, LIGHT LIGHT FlUOR, Ppy $T N0 ; N02 NH4 CHLA C/P 
SURF . SUB . 0/0 

--------------------------------------------------------------------------- ---------------------------------------------

nu ti(4 .a 33 .25 ?_1 .47 . 
N1 61 .0 ~ r 

02 61 .0 I 
fil 61 .0 33 .25 23 .1,N ,S2 9,8 ,31 ,42 .19 2.890 1 .439 i 
N4 h1 .N 
NS h1,~1 
06 b1 .N 33 .30 23 .70 i 
07 61 .0 
R8 h1 .0 ,48 11 .6 .63 .54 .09 1 .948 1 .41e 
09 59,0 i3 . h5 23 .93 ` 
1H n1 .14 " i 
II h? .'"+ 
12 6a,n 33 .80 23 .93 
13 bh .N . 'u .42 10 .2 ,63 .4R .N7 1,464 1.N50 

15 nh,0 3a,ON ?3 .Q3 
t H 69 .0 

i O 17 70 .0 
I #1 711 . (A 314,20 24 .10 .45 9 .1 .31 .26 .11 1 .496 1,387 
19 hH .N . . . . . . . 
2%~ bR,N 

?1 6K .~~ 34 .~~2 24,1 
.39 9,1 ,31 .28 1 .5N4 1 .3R7 

22 68 . kA . . 
23 b5, :~ ,37 9,5 ,31 .28 ,03 1,309 1,4917 
zu c,K,i~ 3u,55 2u .35 
?_5 f+9,A . 
26 hZ,a 
2I SR,vt 14,95 24,77 
2R 5t1 .0 .37 n,3 ,95 .57 ,04 1 .155 1 .418 
24 ?.U,a 
3N 16,0 35,70 26 .2 ,45 9,1 2 .23 1 .08 ,949 1,077 
3! IN .N 
32 N . H ,45 9 .3 2 .23 .92 .31 .80 1 1 .263 
33 



w 

UA1Et 111t1IP CRUISE NUMBER:-4 " PROFILE NUMHERt 4 TIMES AAOA SFCCHI DEPTHt 

DFP1li TRANS . SAL . TF1,1P, LIGHT LiGNT FLUOR, P04 91 ' N(13 N02 NH4 CHLA C/P 
SURF 

----------------"------------------- 
sure- On 

-------------- " ------ "------------------------------- "--------------------
i 

~N 73,2 53 .05 23,2N i 3 1 73 .? 
i A ;? 71 .2 

03 73 .2 33 .16 23 .30 .05 11 .5 .31 .22 .60 1 .613 1 .394 i 
04 1i1,4 

j US 74,4 
91h 13 .2 33.30 23 .50 I 

. I ! 07 73 .2 0 
' 0 n 711 .11 :39 11

. 

.1 :31 :31 .30 1 :457 1 .4pA I 
09 711,+1 33.35 ?3 .60 
10 73 .2 
11 73,2 
12 73 .7 33,45 23 .7H 

I 1 ; 73,2 .45 R .1 .3l .45 .36 1 .464 1 .p77 
1 q 72 .0 

i 15 72 .H 33 .95 24 .10 
Ib 77 .9 

j 17 77 .9 
114 71 .9 34 ,29) 24 P0 .39 H . q .16 .31 .26 1 .362 1,393 
19 77,9 
20 77 .9 ,32 9,3 .31 ' .34 1 .3N9 1,357 

j 21 7h,7 34 .35 24 .3N 
2? 7b,7 

.39 0,7 .31 .39 .45 23 77,0 
24 77,9 34,60 24,40 

i 25 77,9 
j 26 77,9 
t 27 7h,7 34,60 ?4,40 

28 77,4 .42 e .0 ,31 .34 .29 1 .199 1 .458 
1, 29 77,9 

30 73 .2 34 .70 25 .10 .58 R,7 1 .91 .57 1 .059 1 .348 
31 73,2 
32 71 :2 34 :90 25 .341 .61 9,5 2 .23 l .08 .44 1 .059 1 ,9176 
33 

F 

I 
F 
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I 
I 

I 

- ----------------- - --------------------- - - ----------------------------------- ---- - 

r)Aitt 11c197R CRUISE NIIMRFR! 4 PROFILE NIIPAHFR= 5 TINEi 0400 BECCHI DEPTNt 

DEPTH TRANS . 9AL . TEMP, LIGHT LIGHT FLOOR, POq 31 N03 N02 NH4 CNLA C/P 
SURF . 31!P, 0/0 

-----------------------------------------------------------------------------------------------------------------------

Hr1 H~,S 32 .H5 . . 
N1 A2 .S 
A2 H?,5 
%+3 82 .5 32,A5 ,SR 13 .1 ,31 .22 .AA 1 .549 1 .419 
v14 R?_ . S 
05 R2,S , 
46 k2 .5 32 .95 , 

1 +A7 R2 .5 t 
i 08 82 .1; .55 1?.2 .31 .25 .14 1 .618 1,344 ' 

09 62 .5 33 .15 
1 %' 42 .5 
11 Hi,7 ' 
12 NZ,S 33 .7'v1 ! N 
13 Nrn,N .59 11 .6 .63 .51 1,426 1 .414 
1 u 77 .5 . 
IS 77,5 33 .9N I N 
th 76 .3 
17 7P,R 
18 85,0 34,25 ,52 1N,4 ,31 .34 .03 1 .358 1 .393 ' 

, 19 NS,0 
?e HS .N ,52 9 .5 .31 " .28 1 .277 1,310 
?1 HS,t'~ 34,4N , 
2? fir, ,~4 
23 HS, m ,45 9,11 .31 .39 .01 1 .355 1 .34u 
211 HS,N 34,7N 
25 HS,(i 
2h h? .5 .39 10 .4 .31 .42 1,246 1 .3A5 
21 37,5 34,H14 
2q 21+ .0 .35 10 .9 1 .91 .62 .35 ,956 1 .334 
29 214 .14 
3i1 7 .5 34 .N5 
31 5 .0 
3?. 2,5 35 .50 ,35 2.0 2,23 1 .88 .73 .949 1 .273 
33 l 



w 

i 

i 

DATE : 11N97N CHl1I5E NUMNFR2-4 PROFILE NUHRERt 6 TIMEt NRNN 3ECCHI DEPTH : 14 .00 

DEPTH TNA'u3, SAL, TEMP, LIGHT LIGHT FLUOR, P04 91 " NQ3 N02 NH4 CNLA C/P 
SURF, SIIH, Q/0 

6?,5 32 .99 23 .18 760 466 61 .3 
HI (,1,5 
pt? 63 .5 
03 ' 63,5 32 .99 23 .18 770 2yN 26,0 .42 14,6 .31 .25 .30 1 .574 1 .151 
Hv 63 .5 
HS 63 .5 i 
Nb hu,5 33,N4 23,1R 770 176 13 .9 
917 hl,b 
NH 68,6 . . .4R 13 .5 ,31 .28 .26 1,394 1,429 
N9 70,7 33 .39 23,68 770 65 N,4 
10 71 .7 
11 71 .7 
12 70 .7 33 :89 73 .ee 770 41 5 .3 ! H 
13 t+Q .6 .49 13,8 .31 .28 .01 1 .380 1 .379 I 
14 bA,n 
15 61 .5 33 .9Q 21- .08 770 29 3.a ` t 
!ti 61 .5 
17 63 .5 
18 66,6 34 .49 24 .61 780 ?1 2 .7 , .45 9,3 ,63 .37 .44 1 .419 1 .464 
19 67 .6 
20 hH,e , . .qP 9 .1 .31 .34 . 1 .355 1 .393 
21 69 .e 34, ,b9 210 :71; 7p0 16 2 .1 
?2 68 .6 
?3 67 .6 .39 8,7 ,31 .37 .44 1 .504 1 .433 
24 67,6 3a .79 2A .78 790 12 1 .6 
25 67 .6 
7h 6h,6 
27 b3,5 34,84 24 .98 1.4910 to 1,3 
29 44,0 .42 10 .9 2.23 1,l4 .26 .910 1 .350 
24 2R,7 i 
3c+ 211,6 34,90 25 .75 P00 9 1 .0 .52 10 .6 2 .23 1 .08 ,917 1,358 
31 2?,5 
37 22 .5 55 .u9 26 .18 , .52 10.2 2,23 1 .02 ,49 .e71 1 .238 
33 6 .1 
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I 
V 

I PATE : 110919 CHlIi3E NIiM11ERS U PROFILE NUNHER= 7 T1HE1 l200 9ECCH1 DEPTH : 14 .00 

DEPTH TRANS . SAL, TEMP, LIGHT LIGHT FLIIDR, POq 51 N03 N02 NH4 CMLA C/P , 
91.tHF, SUB. Q/0 

----------------------------------------------------------------- -------------------------------------------------------

NN 11,9 32 .90 ?2 .92 1550 931 60,1 
0 1 73 .7 
n2 73 .2 
03 73,7 3? .941 22 .95 1550 299 19,3 .5B 10,9 w,Pfl .25 .32 1,612 1 .394 
.i4 73 .2 
NS 77,? 
06 e? .Q 33 .17 23,116 15514 226 14 .6 
07 H7 . 4 
38 83 .1 .52 9 .5 8 .88 .25 .14 1 .529 1,1119 
v 82,4 33 .37 23 .54 1550 173 11 .2 

1N 83 .7 . . . 1 
11 HS .N J 
12 H5,N 33 .47 23 .64 155H 117 7 .5 
13 85,0 , ,46 9,5 0,00 .20 
~V H7~6 . ~ . ~ . ~ ~ 

~lQI 1 :464 1 :441B 

15 RS .N 33 .67 24 .18 1550 73 p,7 
16 79 .8 . i 
17 A?_,V 

65 .20 1 .652 1,469 19 HS .m 34,20 24 .?l1 1520 47 3 .1 ,48 9,A ,63 
19 67 .h 
20 87,6 :45 10 :2 :63 :62 

~ ~ . { 

~ 
1,bq5 1 :4'69 

21 83,7 34 .51A 24,44 1538 33 2,? 
2?. 79,R . ` 
23 77 .2 .52 e.9 .63 .51 .12 1,426 1,367 
211 6H,0 34 .6A 24,84 1$4G1 21 1 :11 ~ 0 
25 Ill .? , ,48 9.5 .95 .68 1 .566 1,45? 
26 32 .7 . I 
27 2R,8 35 .34 75,74 IS40 13 .8 
2e 2h,8 ,45 10 .9 2 .55 1 .e8 .20 ,980 1,315 t 
?y 50 .1 
30 35,1 15,54 25,95 1500 7 .5 
31 15,7 
32 2 .6 ,52 9 .1 1 .91 .A5 .44 .846 1 .31h ' 
;3 

I 
I 



Phytoplankton species abundances estimated from 5 mls of settled 
sample collected within the nepheloid layer on each of the four NEPHY 
cruises . The species are in alphabetical order within the divisions ; 
Pennate Diatoms, Centric Diatoms and Dinoflagellates . 
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APPENDIX B 



Cells/Liter 32000 31200 
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TABLE B-1 

SPECIES ABUNDANCE FOR NUHY I, JUNE 29, 1978 

Times °o c° °o °o °o °o 
o +r, ~+ r. o 0 

Species o o .-+ H ~v o 

Pennate 

Amphiprora gigantect 1 1 
DipZoneis sp . 6 5 
Gyrosigma spencerii 26 20 
NavicuZa membranacea 2 6 
Nitzschia deZicatissima 10 
Nitzachia Zongissima 4 14 
Nitzachia parczdoxa 15 13 
Nitzschia pungens 1 
SurireZZa fastuosa v . reeedercs 3 8 
ThaZasaiothrix mediterranea 2 6 
Tropodeneis Zepidoptera 1 
Unidentified Pennates 14 9 

Total cells/5 ml) 84 83 

Centric 

BZddZCZpj1'GCZ 1fI0IJZZZ2rL8ZS 
Chaetoceros aZtanticus 3 6 
Chaetoceros diuersu:, . : 3 
Ghaetoceros messmzensis 2 2 
Cosetinodiscus gigas 1 
Coacinodiscus radiates 2 1 
Euccmraia zoodiacus 3 
Guinardia fLaccida 10 12 
HemiauZus hauckii 14 20 
Hemiautus sinensis 11 2 
RhizosoZenia atata 6 6 
RhizosoZenia deZicatuZa 6 
RhizosoZenia hebetata 6 
RhizosoZenia stoZterfothii is 15 

Total cells/5 ml) 75 72 

Dinoflagellates 

Gonyautax potygrcmma 1 
Oxytoxum scotopax 1 

Total (cells/5 ml) 1 1 

TOTAL (cells/5 ml) 160 156 



Centric 

AszeromphaZus heptactis 1 
Bacteriastrum hyaZinzon 1 
BidduZphia sp . 1 1 
CeratauZina bergonii 6 
Chaetoceros affinis 3 1 
Chaetoceros atZanticus Z 
Chaetoceros decipiercs 1 
Chaetoceros didymus 2 
Chctetoceroa gracite 3 1 
Chaetoceros Zacintiosus 8 4 
G'huetoceros peZagicus 2 
G'haetoceros peruvianus 2 1 
Chaetoceros tetrastichon 7 
Coscinodiscus sp . 6 8 
Coscinodiscus excentricus 1 
Coscinodiscus granii 3 1 
Coscinodiscus radiates 3 3 2 1 19 5 4 
Di ty Zurt brightrae Z Zi 1 4 4 
Guincmdia fZaccida 32 38 12 3 5 6 2 
,EemiauZus hauckii 31 36 12 4 9 

15-77 

TABLE B-2 

SPECIES ABUNDANCE FOR NEPHY II, JULY 24, 1978 

Times °o °o °o ~ °o °o °o 0 
Species C4. ~ c°4 °o 0 0 *`~'-+', 

Pennate 

Achnanthes sp . 1 
Amphiprcra gigantea 2 1 
Diptoneis sp . 5 3 .5 3 9 15 1 
Eunotia sp . 2 
Grcarnnatophora oceanica 12 5 3 3 1 
Gyroaigma apencertii 14 6 4 7 7 17 
NavicuZa membranacea 16 3 1 1 3 3 3 
Nitzschia biZobata 2 
Nitzschia eZostemon 32 22 2 3 4 1 3 
Nitzschia de ticatissima 8 11 4 
Nitzschia Zongissima 7 6 1 1 4 
Nitzschia paradoxu 13 25 11 13 15 2 
Nitzschia pungens 5 
Pseudoeunotia doZiotus 1 
SumreZZa fastuosa v . recedens 2 1 8 
ThLiZGZ88ZOtfL2'2x Z077gZ8827RQ 2 
ThaZassiothrix medittercmea 6 7 12 5 2 
Unidentified Pennate 46 26 7 Il 10 2 13 

Total (cells/5 ml) 142 101 57 37 60 57 58 



TABLE B-2 CONT'. :' D 

0 0 0 0 0 0 0 
Times 

N O O O . ~ 00 N 

Species ~ ~ N o 0 0 -

Centric (Cont .'d) 

HemiauZus membranaceus 2 3 2 53 34 2 
HemiauZus sinensia 17 1 6 3 3 
Leptocytindrus danicus 2 6 2 9 13 
Lithodesmizon undulatran 4 
Rhizosotenia aZata 6 7 5 5 1 1 2 
RhiaosoZenia deZicatuZa 2 2 8 6 11 
RhizosoZenia robueta 1 _ 
RhizosoZenia stoZterfothii 8 13 17 IO 7 10 4 
Rhizoso Zerctia sty Zi forfnis 13 5 6 2 
Sketetonema costatwn 10 
ThaZassiosira aeativaZis 11 

Total (cells/5 ml) 97 123 88 64 114 121 28 

Dinoflagellates 

Ceratiwrt fuses 1 1 
Dinophysis caudata 1 
GanyauZ= poZygrcmmra 67 6 
Gymrcodinizo sp . 2 2 
NoctiZuca sp . 1 
Perdinizan sp . 1 1 
Prorocentmm. . sp . - - - -

Total cells/5 ml) 1 72 11 1 

TOTAL (cells/5 ml) 240 224 145 101 246 191 87 

Cells/Liter 48000 44800 29000 20200 49200 38200 17400 
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Dinophysis caudata 
Gonyau Zax po Zygrcvrvna 
Gymrcodiniran sp . 2 4 2 3 
Peridinium sp . 4 2 2 
Prorocentzw, grad Ze - - ? 

Total (cells/5 ml) 2 8 7 5 2 

TOTAL (cells/5 ml) 9 57 36 37 50 60 

c'.plla/T.irpr 1800 11400 7200 7400 10000 12000 
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TABLE B-3 

SPECIES ABUNDANCE FOR NEPHY III, SEPTEMBER 25, 1978 

"1 
o 0 0. o 0 0 

Times c ~~°o °o °o ° m° c°~ 
Species .p4 r-1 c14 o 0 0 

Pennate 
CZimacosphenia moniZigera 1 
DipZoneis sp . 1 8 1 2 6 
Grcvrrnatophora marina 
Gyrosigma spencerii 13 16 8 16 13 
NavicuZct sp . 1 
NctvicuZa membranaeea , 1 2 5 3 15 
Nitzschia sp . 3 1 
Nitzschia biZobata 7 2 6 
Nitzschicz cZostenzvn 1 1 
Nitzschia Zongissima 1 I 
Nitzschia paradoxa 3 1 I 2 
PZagiqgrcvrarca sp . 7 
SurireZZa fastuosa v. recedens 1 
Synedra sp . 1 
ThaZZassionema nitzschoides 5 
ThaZZasatiothrix mediterranea 1 
Unidentified Pennates _ 3 4 4 5 4 

Total (cells/5 ml) 6 42 30 22 35 44 

Centric 

Bacteriastrzvn hyaZinzon 2 3 
COSCZYIOdZ3CZlS gY'Qf2ZZ 
G'03CZYiOCi23CL13 ZZl22CZt'Zl8 
Coscinodiscus radiates 1 4 2 3 4 3 
Di ty Zzan briyhtwe Z Zi 
MeZosira suZcata 
RhizosoZenicz castracanei 
TluzZassiosira aestivaZis 4 
ThaZassiosira rotuZa - 1 

Total (cells/5 ml) 1 7 6 8 10 14 

ni~,fl X0011 a 1-cc 



Baeteriastrum deZicatutwn 2 
BidduZphia mobiZiensis 1 
Chaetoceros sp . 2 2 
G'haetoceros affinis 20 62 1 
Chaetoceros brevis 3 
Chaetoceros decipiens 8 9 
G'haetoceros didymus 4 
Chaetoceros hotsaticus 6 6 
Chaetoceros Zdciniosds 2 8 1 
Chaetoceros vanheurcki 12 
Coscinodiscus Zineatus I 1 
Coacinodiscus radiates 2 2 2 1I 5 
DityZian bright,weZZi 3 3 
Guina~ia fLaccida 1 2 1 1 2 
LeptocyZindrus danicus 3 
MeZosira moniZiformis 1 2 
RhizosoZenia deZicatuZa 1 2 5 22 13 37 8 
Rhizosotenia hebetata 2 1 
RhizosoZenia stoZterfothii 3 7 4 
RhZZ080 Z27lZQ StyZZ fOY'lliZ8 
SkeZetanema costatwrr 3 8 
ThaZassiosira sp . 6 
ThaZassiosira aestivaZis 44 

Total (cells/5 ml) 7 76 13 73 102 64 30 

1J-VV 

TABLE B-4 

SPECIES ABUNDANCE FOR NEpIiY IV, NOVEMBER 8, 1978 

°o °o a . . _ °o ' _ o °o _ _ °o 
Species 

Times . 
~ ~ c°~~ °o 0 0 .`~'i 

Pennate 

DipZoneis sp . 6 3 3 3 3 14 
Gyrosigma spencerii 3 2 2 3 5 3 1 
NavicuZa membranaeea 1 
Nitzschia biZobata 2 1 
Nitzschia eZosteriwn 1 '3 6 2 4 1 
Nitzschia deZicatissima 1 1 8 4 4 6 
Nitzschia Zongissima 6 3 2 1 2 2 
Nitzschia membr¢nacea 3 3 1 3 3 
Nitzschia parad=a 1 1 3 6 2 2 
Nitzschia pungens 4 3 1 
SurireZZa fastuosa v, recedens 1 1 2 
ThaZassiorcema nitzschioicies 34 38 21 25 25 62 19 
ThaZussiothrix frauenfeZdii 2 
ThaZaasiothrix mediterrcrreea 1 
Unidentified Pennates 13 5 4 13 11 10 7 

Total (cells/5 ml) 67 55 44 67 61 107 41 

Centric 



Times 
N %0 O O ~7 o~p N 
r1 ri N O O Q r1 

6 2 1 
9 4 7 4 

1 1 

15 4 10 6 

74 131 57 155 167 181 77 

14800 26200 11400 31000 33400 36200 13400 
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TABLE B-4 CONT .'D 

Dinoflagellates 

Gymrcodinium sp . 
G2zytoxon scoZopax 
Frorocentrum mzcans 

Total (cells/5 ml) 

TOTAL (cells/5 ml) 

Cells/Liter 



ID-01. 

APPENDIX C 

14C uptake determinations made on populations collected from the 
nepheloid layer prior to sunrise and incubated in situ from sunrise to 
noon during those cruises in the NEPHY series that found the photic zone 
extending through the nepheloid layer . The counts per minute are the 
raw counts, the channel ratio is the technique used to compute the counting 
efficiency, and the disintegrations per minute represent the actual 
activity . The final column gives the average result for each treatment . 
Calculation A uses the classical dark subtraction ; calculation B eliminates 
the dark subtraction . Total presents the result for the complete sample ; 
Nanno presents the result for the size fraction less than 20 um. The 
result for the size fraction greater than 20 um may be obtained by sub-
traction. 



CARBON UPTAKE FOR NEPAY I ; : June 29, 1978 

Efficiency Disintegrations DPM 
per Minute 

.65 1262 

.67 916 

.65 1078 

.65 1351 

.62 995 

.65 1005 

.55 976 1040 

.67 704 

.67 561 

.67 830 

.67 706 

.67 797 

.67 773 729 

.71 624 

.67 666 

.65 682 

.64 633 

.67 542 

.71 613 627 

.65 554 

.67 590 

.65 554 

.65 572 

.67 621 578 

Dark 360 .967 
Incubation 395 .892 
20 um 360 .955 
Filter 372 .989 

416 .921 

B . mgC/m3/hr = RL x 24000 x .1 .05 x 
1 

2 .5(2 .2 x 10 5 ) 

mgC/m3/hr Total Nanno 
.68 .48 

mgC/m3/14hr 9 .53 6 .68 

iNanno = less than 20 jxm 
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TABLE C-1 

Counts ~- .Channel 
per'Minute ". Ratio 

Light 820 .961 
Incubation 614 .923 

701 .945 
878 .944 
617 1.089 
653 .971 
536 1.311 

Light 472 .913 
Incubation 376 .921 
20 um 556 .923 
Filter 473 .915 

534 .914 
518 .894 

Dark 443 1 .336 
Incubation 446 1 .121 

443 1.021 
405 1.014 
363 1.159 
435 1.321 

A. mgC/m3/hr = (RL --R,)) . x 24000 x 1 .05 x 1 
2 .5(2 .2 x 10) 7 

~mgC/m3/hr Total Nanno l 
0.27 0 .10 

mgC/m3/14hr 3.78 1.40 



Counts ' Chancel Efficiency Disintegrations DPM 
per Minute Ratio 'bier Minute 

Light 1147 2.068 .66 1738 
Incubation 839 .994 .64 13I1 

836 1.017 .65 1286 
872 1.064 .66 1321 
666 1.017 .65 1025 

1323 1.033 .65 2053 
756 1.012 .65 1163 
559 1.011 .65 860 
729 1.023 .65 1122 1318 

Light 463 .975 .64 723 
LZCUbation 596 .988 .64 931 
20 um 590 1.010 .64 922 
Filter 595 1.012 .64 930 

686 .986 .64 1072 
562 .996 .64 878 
542 .983 .64 847 
63I .971 .65 97I 
387 1.020 . .63 614 876 

Dark 433 1.304 .71 610 . 
Incubation 522 1.042 .66 791 

474 1.076 .67 707 
599 1.017 .64 936 
782 1.292 .70 1117 
965 1.109 .67 1440 
462 1.020 .64 722 
439 1.070 .67 655 872 

Dark 404 1 .023 .65' 662 
Incubation 417 .992 .64 652 
20 um 404 .986 .63 64I 
Filter 349 1.004 .64 545 

382 .999 .64 597 
385 .960 .62 621 
419 1.0I4 .65 645 618 

R x 24000 x 1 . 05 A . mgC /m3 / iir ~ ~RL ' Rte) x 240fl0 . x 1.05 1 g , mgC /n3 /hr s L X 1 
.r. 2 .5 ( 2 . 2 X io°) Xz Z .s(2 .2 x 10 11 ) 

mgC/m3/fir 'Total Nanno, mgC/m3/hr Total Nanno 
T. Z9 b 37'- .86 

agC/m3/14hr 4 .06 2 .38 m8C1m3 ;1411ir 12 .01 8 .03 
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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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