


ENVIRONMENTAL STUDIES,
SOUTH TEXAS OUTER CONTINENTAL SHELF,

BIOLOGY AND CHEMISTRY

- Submitted to:
The Bureau of Land Mhnagemenp'
Washington, D. C. 20240

by

4

The University of Texas Marine Science Institute
Port Aransas Marine Laboratory

Port Aransas, Texas 78373

Acting for and on behalf of Supplemental Reports to
a consortium program conducted Contract AA550~CT6~17

by: | T

Rice University
Texas A&M University
University of Texas



LIST OF CONTRIBUTORS

Program Management Staff

C. R. Arnold/Program Manager

C. W. Griffin/Technical Coordinator - Editor

D. A. Kalke/Program Secretary - Compilation, Reports
T. C. Moore/Drafting Technician

Data Management Staff

. K. Fowler/Bata Manager

. M. Whitehead/Statistician .
Voss/Programmer

. Vetter/Programmer

. Herber/Keypunching

. Lee/Keypunching

COomMRE G

University of Texas
Marine Science Institute Texas A&M University

4

. Behrens-Geophysical Lab P

Holland-PAML Ww.
B
J

Johansen-PAML

. Kamykowski-PAML
. Parker-PAML

« Scalan-PAML .

. Winters-PAML

.

LW Y NG
N EHon s

Rice University

University of Texas
at San Antonio R. E. Casey

S. A. Ramirez

CONTRACTING OFFICER'S AUTHORIZED REPRESENTATIVE (COAR):

Dr. Robert Rogers

Bureau of Land Management
New Orleans OCS Office

Hale Boggs Federal Building
Suite 841

New Orleans, Louisiana 70130

ii



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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CHAPTER ONE

COMPLETION OF SHELLED MICROZOOBENTHON SAMPLES

Rice University
Department of Geology

Principal Investigator:
Richard E. Casey
Associate Investigators:

Camille Hueni
Ann Leavesley
Joel Gervitz

Rudy Schwarzer



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.

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 Bolivina lowmani as an indicator of silting
and bottom current movement, the use of Ammonia beccarii 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.
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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 these 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.

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 to;al 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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MATERIALS AND METHODS

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 ¢
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 1V, 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 proceséing of samples was identical to that described for the
1975 samples.

As different size éores 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 10Z which is comparable to the regular patchiness of

these organisms.

Post-Collecting Procedures

The samples were mixed and split with a large, modified plankton
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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-ml
beaker was filled with 200 ml of carbon tetrachloride, a 500 um screen
was placed over the beaker, and the dried sand; 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 ﬁiocess 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-
mary 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.



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.)

1977].

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

group (IMSSo0); an outer shelf northern transect group (OSNo); a mid-shelf
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1. Key to Benthonic foraminifera winter, 1976 dendrogram.

Figure
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"2. Key to Benthonic foraminifera spring, 1976 dendrogram

Figure
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Figure 3. Benthonic Foraminiferan Collected During Summer-Fall, 1976.
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Key to Benthenic foraminifera summer-fall, 1976 dendrogram

Figure 3.
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Figure 4. Dominant species (maps 1,2 and 3 - contour of dominant
species in adjacent samples); Density of Bolivina lowmani #/10 cm?

(4,5 and 6); total density (7,8 and 9); Richmess (10, 11, 12)




(MS) strong group including arenaceous foramiﬁiféra; 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 Bolivina lowmani (a component of these tight
inner and mid shelf clusters of the other seasops) 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 group; (0os1, 0s2,
and 0S3); 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:

outer-mid shelf (OMS) with northern offshore (0SNo), southern offshore
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(0SSo0), 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 pusﬁing 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 foraminiferan species (maps 1,'2 and 3),
the density of Bolivina lowmani (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-
nant in more than one adjoining station., This method allows the visual
presentation of the main seasonal dominance in the area. From these
dominance maps it can be seen that B. lowmani, the most abundant ben-
thonic foraminiferan on the STOCS, 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, lowmani 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).
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Figure 5. Dominant species (maps 1,2 and 3 - contour of dominant
gspecies in adjacent samples); Density of Bolivina lowmani #/10 cm?

(4,5 and 6); Total density (7,8 and 9); Richness (10, 11 and 12)
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The density of B. lowmani 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. Zowmani being meroplanktonic and
moving to the outer shelf during the winter water column mixing; somewhat
eutrophic or mesotrophic and establishing itse%f 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 spital of the anti-
cyclonic gyre that grounded on the shelf in the summer-fall, Figure 6
shows this movement of water from the south to the north inf;rred 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 cm?® 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. lowmani, total ben-

thonic foraminiferan density, and richness compiled for the seasonal data
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for 1976 and 1975 were compiled for the nine monthly samplings of Transect
IT 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
(1ISSp); an inner and mid-shelf fauna (IMS) that is subdivided into a pos-~
sible epibenthic (IMSepi) and inbenthic (IMSinf groups; and two outer
shelf groups (0S1 and 0S2). These groups agree with the dominance groups
for each of the nine percent dominance maps (Figure 8). 4. beccarii (the
IMS individual on Figure 7) is the only benthonic foraminiferan from the
study area to be known as an infaunal member from the literatufe (Brooks,
1967). Species were considered epifaunal (IMSepi on Figure 7) if they
commonly appeared in 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-
iniferans at each of the nine monthly stations on Transect II, and Figure
9 illustrates the density of B. lowmani 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. lowmant 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. lowmani dominance and density in late spring
(Figure 4, map 2; and Figures 8 and 9, June and July maps), a slight
increase in B. lowmani dominance and density in late summer and fall
(Figure 4, map 5; and Figures 8 and 9, August map), and the beginning

of a re-establishment of B. lowmani in winter (Figure 4, maps 2 and
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Key to Benthonic foraminifera Seasonal (monthly)

samples dendrogram

FIGURE 7.
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for Transect II Monthly Stations.
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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 11) 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 treéds 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 stationms,

Hosp'ital Rock averages a greater density throughout the year than

Southern Bank does (41.04/10 cm? compared to 32.28/10 cm?), and Southern
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Bank a slightly greater richmess (6.59 to 6.17 species/sample).

The bank stations do not appear to conform to the patterms of B. low-
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 anemalies are that the hank
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. beccarii 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
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 monitoring. 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.



Perhaps one of the best indicator specieé of the benthonic forami-
niferans is the most abundant species B, lowmani. 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. lowmani densities and domigance 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. lowmani 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 Ammonia beccarii 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. lowmani). 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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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/S5 cm?)

Explanation of Tables:

Winter sampling period

Spring sampling period

Summer-Fall sampling period ‘
March sampling period

April sampling period

July sampling period

August sampling period

November sampling period

December sampling period

=R R AN 2
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Species Names:

WINTER SAMPLING PERIOD DATA PRINTOUTS

Explanation of Table:

The left-hand column gives the names of the benthonic

foraminiferans as they appéar on the data printouts.
The right-hand column gives the complete scientific

lame.

Alveoloph. sp.
A, wiesneri
A, beccarii
A. paucilocul.
A.7lessoni

A. carinata
B. irregularis
B. subspinesc.
Brizalina sp.
B. lowmani

B. spinata

B. hannai

B. marginata
B. ef. bassend,
B. elegantiss.
C. sagra

C. subglObosa
Ce cfe subglob.
C. mollis

C. umbonatus
Ce orbicularis
Do candelana
D. floridensis
E. poeyarunm
Ee vitrea
Florilus sp.
Fo atlantica
F. grateloupi
F. pontoni

H, strattoni

Alveolphragmium sp.
Alveolophragmium wiesneri
Ammonia beccarii

Ammonia pauciloculata
Amphistegina ? lessoni
Astigerina carinata
Bigenerina irregularis
Bolivina subspinescens
Brizalina sp.

Bolivina lowmani
Brizalina spinata
Buccella hannai

Bulimina marginata
Buliminella cf. bassendorfensis
Buliminella elegantissima
Cancris sagra
Cassidulina subglobosa
Cassidulina cf, subglobosa
Cibicides mollis
Cibicides umbonatus
Cassidulina orbicularis
Discorbis candeiana
Discorbis floridensis
Elphidium poeyanum
Epistominella vitrea
Florilus sp.

Florilus atlantica
Florilus grateloupi
Fursenkoina pontoni
Hanzawaia strattoni



TABLE 1 CONT.'D

La. atlantica
M. planata

N. tergquemi
N. antillarum
Nonion sp.

N. basiloba
N. Cfo baSilOba
P. corrugata
P. diffngifor.
Quinquelocul.
Q. aff, compta
R. advena
Reo. atlantic.
R. comprima
R, atlantica
R. sp. nAM

S. bradyana
S. affinis

T. advena
Uvigerina sp.
U. bellula

U, peregrina
Virgulinella
T. earlandi
C. oblonga

Be hasta

H. concentrica
Eponides SDe
A, bella

~

Ce
R.
B.
B.
p,
T.
T.
R.

laev, carin.
floridana
fragilis
albatrossi
mexicana
bella
trigomula
comatula

Lamarckina atlantica
Loxostoum gelbi
Marginulina planata
Neoconorbina terquenmi
Neoeponides antillarum
Nonion sp.

Nonionella basiloba
Nonionella cf. basiloba
Patellina corrugata
Proteonina diffugiformis
Quinqueloculina sp.
Quinqueloculina aff. compta
Rectobolivina advena
Reophax atlantica
Reophax comprima
Reussella atlantica
Robulus sp. "A"
Siphonina bradyana
Siphotextularia affinis
Trochammina advena
Uvigerina sp.
Uvigerina bellula
Uvigerina peregrina
Virgulinella sp.
Textularia earlandi
Cancris cblonga
Brizalina hastata
Hanzawaia concentrica
Epondies sp.
Angulogerina bella

Cassidulina laevigata var, carinata
Rosalina ef. floridana

Brizalina fragilis

Bolivina albatrossi
Pseudoclavulina mexicana
Trifarina bella

Triloculina trigomula
Pseudonodosaria comatula
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TABLE 2

SPRING 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

name.

Alveolph. sp.
A, wiesneri

A, beccarii

A, paucilocul,
Ammosclaria
Arenaceous sp.
B. irregularis
B. sub. mexicana
B. lowmani

B. spinata

B. hannai

B, marginata
B, ef. basiloba
B. cf. bassend.
B. bassend.

B. elegantiss,
B. curta

C. sagra

C. sagra juv,
C. subglobosa
C. aff. florid.
C. umbonatus

C. orbicularis
D. floridensis
De cfs nitida
E+ poeyanum
Epistominella
E. vitrea

E. repandus

. F, atlantica

F. gratelopius
F. pontonius
G. australisus
H. strattoni

L. nebulosa

L. spirata

Alveolphragmium sp.
Alveolphragmium wiesneri

Ammonia beccarii

Ammonia pauciloculata

Ammosclaria sp.

Arenaceous sp.

Bigenerian irregularis

Bolivina subaenariensis var. mexicana
Bolivina lowmani

Brizalina spinata

Buccella hannai

Bulimina marginata

Buliminella cf. basiloba
Buliminella cf. bassendorfensis
Buliminella bassendorfensis
Buliminela elegantissima
Buliminella curta
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



L. atlantica
La, atlantica
L. peregrina
M. villa
Neoconorbina
N. terquemi

N. ? terquemi
Ne antillarum
Nonion sp.

N. basiloba
‘N« cf. basiloba
P. diffugifor.
P. 7 decorata
Pseudoparrela
P. quinqueloba
Quinquelocul.
Q. compta
Reo, atlantic,
R. bilocularis
R. 7 bilocularis
R. comprima

R. atlantica
R. d‘.l.ffugiforo
R. Spo A

"~ S, distorta

S. bradyana

S. puJ.Chra

S, affinis

T. ¢fs candeina
Uvigerina sp.
U, bellula

U. parvula

U, peregrina
U, per. per.
U. per. parv.
Virgulinella
A, pseudospir,
T. earlandi
C. oblonga

B, hasta

H. concentrica
S. minuta

B. fragilis
T. bella

T. trigonula
T. mayori

TABLE 2 CONT,'D
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Lenticulina peregrina
Marginulina villa
Neoconorbina sp.
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1-59

TABLE 3

SUMMER-FALL SAMPLING PERTOD 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,

A, wiesneri Alveophragmium . wiesneri
A, beccarii Ammonia beccarii
B. irregularis Bigenerina irregularis
B. subspinesc. Bolivina subspinescens
B. sub., mexicana Bolivina subaenariensis var. mexicana
Be. lowmani Bolivina lowmani ’
B. spinata Brizalina spinata
B. marginata Bulimina marginata
B. c¢f. bassend, Buliminella cf. bassendorfensis
B. bassend. Buliminella bassendorfensis
B. elegantiss. Buliminella elegantissima
C. sagra Cancris sagra
C. subglobosa Cassidulina subglobosa
Cibicides sp. Cibicides sp.
Ce. mollis Cibicides mollis
D. candeiana _ Discorbis candeiana
D. floridensis Discorbis floridensis
E. poeyanum Elphidium poeyanum
Epistominella Epistominella sp.
F. atlantica Florilus atlantica
F. grateloupi Florilus grateloupi
F. pontoni Fursenkoina pontoni
H. strattoni Hanzawaia strattoni
L. spirata Lagena spirata
L. atlantica Lagenammina atlantica
L, gelbi Loxostoum gelbi
N. terquemi Neoconorbina terquemi
? N. terguemi ? Neoconorbina terquemi
N. antillarum Neoeponides antillarum

_ N. basiloba ) ___Nonionella basiloba _
N. cf, basiloba Nonionella cf., basiloba
P, diffugifor. Proteonina diffugiformis
P. ? decorata Pseudoparrella ? decorata
P. quinqueloba Pullenia quinqueloba
Quinquelocul. Quinqueloculina sp.
Q. compta Quinqueloculina compta
R. comprima Reophax comprima
R. atlantica Reussella atlantica

R. diffugifor, Proteonina diffugiformis



S. pul, var, prim
S. bradyana

S, affinis

T. cf. candeina
U. bellula

U. flintii

U. parvula

U. peregrina
U, per., per.

U. per. parv.
Virgulinella

T, earlandi

H. concentrica
Lagena sp.

B. barbata

B. translucens
E. communis

B, fragilis

T, bella

Eo vitrea
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Hanzawaia concentrica
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Brizalina barbata

Bolivina translucens
Enantiodentalina communis
Bolivina fragilis

Trifarina bella

Epistominella vitrea
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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 appéar on the data printouts.

The right-hand column gives the complete scientific

names.

A, beccarii %
A. tenquimargo
A, bella

B, irregularis
Bo 1°‘ma-ni

B' m&rginata
Bs cf. bassend.
B. fragilis

Be. elegantiss.
B. spinata

B. sub., mexicana
C. sagra

C. aff. ﬂorido
C. umbonatus

C. subglobosa
Cibicides sp.
Cibicides juv.
C. mollis

E. poeyanum

E. vitrea

F. grateloupi
F, atlantica
F. pontoni
Hanzawai juv.
H. concentrica
H., strattoni
Juv, benthonic
Lenticulina sp.
Lagena sp.

N. ef. basiloba

Ammonia beccarii
Ammosclaria tenquimargo
Angulogerina bella
Bigenerina irregularis
Bolivina lowmani ’
Bulimina marginata
Buliminella cf. bassend.
Brizalina fragilis
Buliminella elegantissima
Brizalina spinata
Bolivina subaenariensis var., mexicana
Cancris sagra

Cibicides aff, floridensis
Cibicides umbonatus
Cassidulina subglobosa
Cibicides sp.

Cibicides juvenile
Cibicides mollis
Elphidium poeyanum
Epistominella vitrea
Florilus grateloupi
Florilus atlantica
Fursenkoina pontoni
Hanzawaia juvenile
Hanzawais concentrica
Hanzawaia strattoni
Juvenile benthonics
Lenticulina sp.

Lagena sp.

Nonionella cf. basiloba
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N. basiloba

N. antillarum
P, mexicana
P. diffugifor,
P. 7 decorata
Quinquelocul.
R. lotus

R. advena

R. atlantica
R. comprima
Reo. atlantic,
S, affinis

S. pulchra

S. bradyana
T. earlandi

T. jamaicensis
T. parvula

T. bella

U. bellula

U, peregrina
U. parvala

U. var., parv,
V. pertusa

S. pul. var, prim
Virgulinella
L, peregrina

Nonionella basiloba
Neoeponides antillarum
Pseudoclavulina mexicana
Proteonina diffugiformis
Pseudoparrella ? decorata
Quinqueloculina sp.
Robulus iotus
Rectobolivina advena
Reusella atlantica
Reophax comprima
Reophax atlantica
Siphotextularia affinis
Siphonina pulchra
Siphonina bradyana
Textularia earlandi
Trifarina jamaicensis
Textularia parvula
Trifarina bella
Uvigerina bellula
Uvigerina peregrina
Uvigerina parvula

Uvigerina peregrina var. parvula

Virgulinella pertusa

Sagrina pulchella var, primitiva

Virgulinella sp,
Lenticulina peregrina



TABLE 4 CONT.'D

} I TP Lo N L. . N

T T . _esass LUT6. BENTHONIC FORAMINIFERA MONTHLY SAMPPLES esses . . . ~ 17" LI T
- NUMBER UF. GRUUPS € ) e ) v e e e L P . e
VY ONUMBER OF CHARACTERS 60 . . : A o
e o NUMBEKR UGF SAMBLES 57 . T e - e —
T VAKIADLE rOKMAT (1206A4,2X010F502/20Ks lUFS2/20X0 10FS542/20X, 10F592/20X4 10F5+2/20X,10F5,2) .
UUTPUT FORMAT (124688 42Xs 10F502/20Xe0F502/20Ks IUFS 220X ¢1 0F542/20Xs 10FE02/20Xs10FS o2)

TVAKIABLES IN GROUP | . 1 e .

175 1=N . .
. asllanN . . . e . - e e e e L
-V A & ¥ T . P . . . .

S/ZLi=N |

6/11eN
3/711wN

HRIWN

HR2 aN

St eN
-1 A L -
- b/ imU
4/711=D
2/11e
S/1l=0 ..
€/7ilwDp .
Jz a0
Hi{=D ' -
ERZveL

"COENCNE W= COENpES -

.
N A 5 v e o =t e S e

. 82 Aszli®d
U T -7 4 § LN

SRR R 11

VVVVVV 40 LAz led e
. 47 LBREYY. L . . o T
ay . b2, . o . e e e e e W

Nnit_T



. . NUMUER.
1.

19
o
21
22
24
24
28
£
_ e
-]
&

. m

SAMPLE  NAME

AJUECCARELINN. . ...

A TENGULMARGUSN

AsULLLASN
e IKREGULAR LS00

BelLLaMANTI®ON .. . . _ .

MAKGINATA=N
BaCF o BASSENU o maN
YeFRAGIL IS N . |
BeblLEULANTISS o2l

" BeSPINAT AN

HaSUl e ME X ICANA N
CaSAGRAN
CoAFF o FLURID e

C o URBUNA TUS 3N

L€ s SLUGLUBOS A N
CIBICIDES SPoun
S CIB1CIUES JUV . oN

CeMULL SN

& o FLE YANUM =N

£ VI THE AN

F e GRA TEL UUP Jrefy
F oATLANT ICA=N
F «FONTON Low
HANZAWAL JUVemN
HaCUNCENTRICA w4
HeSTHATIUNL =N
JUV oL LNT UGN L W
LENTICUW IHA SN
LAGENA Si2e-eN
NeCF o IAL ILUUA 1

2}
1¢04
0.0
Qe

et

Tuead

Vel

. He2u

Q.0

15.00

Uel
(VY V]
g.u
Veu
Vel
V.0
VU0
Ve
Vel
ey
leua
V.0
2e 00l
2eUis
Uov
Vs

Us

L Uel)

Oets
Usu

laus

22

tel0

. 0.0

Jeld
Ue U
4420
UJe
Va0
Q0.

JeU

Ve |

Ve 0
el
Jel
Oa0
Q.0

Ue0 A

VeV
Vel
VFRH
de )
Uev
el
.0
0.0
Vel
U0
Vev
Jeu
Vel

Veu

TABLE 4 CONT.

MARCH
RN 24
Ge Ge0
Vel .. LU
et .. .. WaO.
Ge 0 Qeu
Be32. 00
e 0 ’ ,600 "
. 0s0. 0.0 -
TP 0.0
) 0a0.
veo Ve .
0.0 ve0
Jleus 0eu
. 0.0 u.0
veu Jeva
V.0 0.0
0.0 0.0
U.0 T
Ve 0.0
A 0.0
104 0,0
1.04 U.0
0.0 Vel
.08 0eu
Vel "1.04
Vel 0.0 .
) 1.04
0.0 Ua0
Veu e
U.0 veu
VeV Ue U

'D

23 . ., .26 .
e Qe o
Lee0. . 040
BT N Y T
00 04

0.0 0.0
0.0 0.0

0.0 0.0 ...

I TX TR PY S

040 . De0
900 0.0
0.0 . 0.0

0.0 T 0.0

Ge0 0.0

0.0 . 0.0

a0 L. 0.0
“ae0 7 w0

0.0 0.0

Us0 0.0

0.0 0.0

0.0, 00

u. 0 Vel ...

o0 o0

0.0 0.0 .

9.9 V0.0

Ge0 L000 ...

0i6’ 0.0

0.0 TS
.00 0.0

Ge0 v. 0

0.0 0.0

-n

L RT... ... 28
040 _0s0..
0e0.. ., 0.0
0.0 . .. _2.08
1.00 ‘0.0
0.0, S 4,16
0.0 0.0
000 . 0.0
Pe0s T G460
040 ... _Qe0
8032 2,08
040 . . 00

700 T 000

.80 . . 0.0 _
0.0 0.0
0.0 040
0.0 ' 0.0
0.0 0.0
6.0 040
0.0 0.0

1040 0.0
0e0 1,00
0,0 0.0
0.0.. . _ 2.08
6.0 0.0
000 L _Ve0
(] - 1Y ¥
00 0.0
0.0 0.0
0.0 . 0,0
2.08 0.0

. R9 .

0.0
0.0

. Qo0
‘_0-0

Q.0

(0.0

0.0

0.0

0.0
0.0
0.0

0.0

0.0
0.0
0.0
0.0

0.0
0.0

0.0

0.0,

0.0
)
00

Q.0

0.0

00
0.0
0.0
0.0

30

T L ""3—")".1
- le08& | .
. 2
0,0
0.0 -
-
0.0 .
0.0 '
0.0 .
0.0 .
- B
1.04 .
0.0 B
. |
0.0 .
0,0
. o
0.0
0.0 .
. - - L
0.0
0.0 |
0.0 B
Q.0 1
0.0 ) )
0.0 !
0.0
<
0.0 |
0.0 ) : ‘
1,04 .
6.0
-
0,0 .
R ood
0.0
]
0.0
3
0.0
0.0 i
0.0 ‘
¥



31 NeHAS LL.OHALN
U132 NJANTILLARUMaN
v "33 PJMEX ICANAWN

" 3a. PLDIFFUGIFBR N

o T8 T BpEcUdATACN'
.. 36" QUINOUEL OCUL et .

" 31 Rifufusen
0 738 ReADVENAeN T
39 RATUANT fChmN
.40 RJCGMPRIMASN |
41 NQEOWATLANTIC.on
L 42 SJAFEINIS™N . _.
43 §,PUL CHR AmN
Lo a6 S ERADYANA=N |
48 T IEARLANU =N
a6 . ToJAMAILENS 154
a7 TWPARVUL At
c L aE | TGOELLAGN
) 49 " UELLUL AmN
S LT 80 UWREHEGH INAWN
51 UuPARVUL AwN
2 U VAR JPARVe N
TV ePER TUSAWN
_SeFUL sVAK «PHIM N
VIRGULINELL Amaiy
L oPEKEGRINAmN.

Y

TUeu

040
V.0
V.U
De0
Vel
Ueu
Vet
Qa0
Usu
1409
I
1.04
Veu
Gau
00
0.0
Ueu
Ve ..

V.0 .
V.0

T
3.2

Vel
J.0

0.0

0.0
Ueld
0.0
Va0
0.0
deu
v. 0
0.0
0.0
0.0
V.0
u.0
0.0
0.9
040
0.0
Ve0
0.0
0.y
00,
o.b
6.0

0.0
2.0
" 0.0

0.0

6.0’

)

0.0
ve0.
"N}

J0.0. 7
beo 77T el
0.0

0.0

0.0

0.0

0.0
0,0 "

-dou
0.0

0.0

040
ven

g.0" "

0.0
0.0

N

6.0 "

" g0

T 0e0

[

6.0

[ 1Y

TABLE 4 CONT.'D

MARCH

' 040 0«0

CT0a0 0 [ 5
1040 0.0 . 1l0.00 0 ede
S Get T ey

A T R WY S
S0e0.7 Thab
AR 71 AR AS

0407 T T T

RS N R
S g
R e

TR
O TT M W R
T8 T e
U BT G0
B Y S ]
P

L 0.0 U T TDed
046,

I
O 7Y SRR P Tty 1Y St
K TR ST R
I TR T 00
0.0 R T Tt Y
I Tded ]

HBEETIT T 840"

ETYE ) G R VN

The0d T Td.0

Rl :w‘;':'vo‘. d\v}. B

“ry e 6i d EXe2 LI

IR Y B

T

0.0

0.0, "0 0.0 T840 T

0.0 7 0.0’
BTTY IO PN IS P S 1 T
046 177 000 TTTTITESE T ST 040877 T 0a b
R T R Y9 Ll T a0 T deal
oss T Tde0 T SRR FY RGN 1Y Kt
R P SO Y IO P T Y
Ted0 YT T Gl T T T 0T T el

e.0 T

Cenh
B 1 R

0.0
KR FY: Bade R

0.0 T 040 T 0e0 1T 040

N TY I

SR 1Y T Y B : N

el 1Y TR T ERX S T SRRLERE

0s0 040 B

Taeo L0

By
660 . " ge0 T
[ 1L RaE A al ¥ {/ IR AA. i e Thte ]
0.0 7 6.0 0T
[ 7% AR 7Y B S |

C0e0. "7 "0
8.0 " 0.0
‘0.0 .. 0e0_ .. T

FRLUTTTT g

e e

o v oy

TR e sy

L 0.0 .
0s0
0.0

T RN

XY

B Y

TDs0 .
R IY e

- g3l T g
s ey

ST e e ey

LT .

ety e ey

.- F— -y

¢L-1



— -3

oo

~ 0 ¢

.22

e Ldo

AUMBER.

A

3. FE«FUNTUNDI®N ... .

SAMPLE NANC

e B ASBECLAR J AN .
S - é 1
coAsHELLAON .. _

A+ TENGUIMARGO aN

‘B¢ IRRE GUL AR £S5+

- B el Cw MAN LiaN

T UOMARGINATA=N
U eCF o BASSEND s =N

TDOHHAGIL 1SN
BeELEGANTISSemN

U oSPl NAI AmN

BeSUL aME X ICANA N

CeSAGRASN

CoAFF oFLURID ovoid . .
" 'C o UMBUNA TUS =l

€ SUHGLUBUS AmN
CIUICIDES SP N

CIBICIDES JUV LN .

C u"ULle"
LE 2 FOL Y ANUMsSN

TEZVITREA®N |
F oGRATELUUP LiaN ..
2 F GATLANTECASN,

THANZAWAL. JUV osnid
. HaCUNCENTHICA®N

T HeSTHATTUNI=N .

. JUV B ENT HUN 1 CueN
LENTICU INA SPoN
LAGENA SPe3N .

(N oCF « LJAS JLOBASN

31

3.2
Vel

00

YT

930

Y

5020
S gev

9436

Qa0

R Y | N
Y
Ve _ .

0.0
dep
veu
tsu
0.0

B Y

u.d

2.U8
T 040,

00

6'0

Ge0 . .

T

U0
el
D.0

lsus

0-0. L. :i‘

2410
. Ve0 V_‘... .‘.A.;
Y Y+ .

0.0

0.0 .. .

0.0
0.0 .
1.04

”t.muo.uﬁﬂ-n;-o.o
e .00 . e

T

TABLE 4 CONT.'D

APRIL

RPRNEeORS X | o O T D o as T e 36;-».-.—--,»,.«31 i, p
~.Ds0. . _...._.Os 0__ SRUUPRRY + P+ [UUPVORIN < Y < IV 0-0 .
TR .- 0-9,,,,,’, .00 N Ge0
4-().0 ———— _0-0,--,,.
ORI SRR XX 1Y

o 8020

38 L L 3 e

Qa0 ..

0.0
0.0

o 0.0
. "b.q.,, i"“"'m 0.0

. 0_ R

L e0B 000
. Dea_ ... . ,._-ﬂnn‘, R

‘:69@55.
0.0, _. _0eQ _ _
L0900 T Qe
LQe0 _QeQ . .
w000 ,'f‘wwé;é'"
»o.o-__uw-,o.o ‘

Qe . 040

L0e0 6.0
. 0.0
. 0.0
. 006

010

IR ey e

__‘_010 [

GRS

ABeZU. 00 .

06 000 L
7Y JONURRUR FY
le0a. L 040, _;’“'"
'.,o.o.uiu._.u.o A
T Je0

060 L. 0.0 .
TA.0

.00

T 6.0
006

B Y Qo9 .. G0 0.0
B PY IS,

Y 7Y TR

Qad

NI .0.0

00 _.
0.0

R : Y IS
L. 0.0 ]

w\d~.6;6‘-

-o..a o

L840

. Qa0 .
0.0 -

0.0
6.6
0.0

0.0 .

Q.0

Je0a’ T

2.10

0.0

T 2e10
0.0

1.04

1 .04

" 0.0

0.0

0.0

1.04

0.0

0.0

. 0.0

0.0 .
6.0

inO‘.
5,0
0.0 _

6.0
0.0

0.0
_ 0.0

0.0

) :
EE.
e ey

Cl-T



31 NeHASILUBAMN
D32 NJANTILLARUMeN .
33 P JMEXTCANAWN

st 34 PODIFFUGIFUR. N
36 P JIGECOHAT Asatd:

ey

L 36 QUINUUELOCUL ss3id .

37 A TUTUSH
oL . .38. RJALVENAmN

) 738 T RGATLANT ICASN
T . 807 R.CCHPRIMASN
A1 REULATLANTIC =N
Tl 82 . SeAFFINLSeh

‘ a3 " §PULCHE MaN
. a8 S.BRAUYANASN.
o 45 T .EARLAND Teit
46 TeJAMAICENS [SWen
e T a7 T JPARVUL Akl
... .48 . TeBELLAON .

A9 UHELLUL AwN
L 50.. UsPEREGRINAwWN.

S 81  UJPARVUL AwmN '
P "852 . UJVARWPARV ol
U84 T PERTUS e

L 1l58. S.PUL WVARPRIMAN

R N

IC AN

S 86 UiPEREGHINA=N .~ 1

040
JeU
Ve
Yol
Gl
Ve
U0

V.0

Ge 0
U0

" Yeu
" 6.0

040
us0
0e0
0.0
d.0
da0 .
0.6 '
9.0
Vel
0.0

00

‘0.0
De0
L0400t

te0d 7

fe0a
0.0
0.0
Uel
0.0
0.0
0a0
Oel
9.0
0.0
0.0’
0.0
0.0
v.0

0.0

80T Towu T owe T 0kl Be0 S
7T SER T BRI YO S 14 RS S H SRR T S a el 7Y St 71 Rocts

104 Tdee LD T0e0

TABLE 4 CONT.'D

APRIL

1,04 0.0 00 L 0.8 L0l L 0e0 0.0 . 1:.04

Ge0 . . 0.0 040 1 0e0 T U 0e0. . 0607 te08 T 0.0 T 1)
Geu ) U060 T 000 T T e T VY060 T 040 T 000 T o
2,10 .. 0.0 .0 T a0 TR0 D0
(PN E N P R TS TR P O

0.0 Coee o)

7Y SR P LR T KRS PV I

0.0 0,0 777 040

1.0 &7 Deu” LU 00 U IIUT000 T T 00 T 0.0 LT 0e0 T 000 L
XY A T BN A TY BRI FY- RN 1Y I

L 00
LI IRAEERN FURIEE SRt
MRS PY R

nUgal T pImeves

A T S
) (U T 0e0 0,0 .

T T T QR e ey
T He0& 7T
IEaRE 1Y ARG FY BEEAY SRl
TIIBe0 T 060 T 000 T T T
T3 ST 31 R et R,
‘0.0 L0607 Tz

R T

B 2 T
- T1 RAEEINAET Y. St i

e rwmns (r
RPARE D

[ PY bl TY 3 e P R

T R

LTIl T T T
BEE 11 FERna e 1| Rhgtiy aas

7L-1



- AUMBER
1

N C 0 s LN

IR )
12

14

15. .

e
17
19

i
21
2z
23
24
25
26
27
ey
29
3u

SANBLEL NAME .
ALOECLAR T TN
ALTENUULHARGO o
AsBELLAN

U IRHEGUL AR 153N

oL LAMAN {wN
BoMARGINATA=N

LaCF e EASSEND «oN
BoFRAGILLIS N

BebLLGANTISS oo
UeSPINAT AN
BeSUUMEXICANA SN

CoSAGHAAN

CoAFF o FLURID o ™1
C o ULVBUNA TUSN
C o SUUGLO HUVS ArsN

LCIBICIVES SPe=H

CLUICIOES . JUV a-sid
CoMCLLISN

E o CE ¥ ANLM:oy
£eVITREA™N

F o GRA TLL GUP E-eld

L F o ATLANT 1CAmN

£ EUNTUNISN
HANZAUAI JUV, "N
Ha CCNCENT ] LAY
NaSTRATTONT=N

JUVBENTHONICen

LENTICUL INA 3PN

LAGLNA SP %N .
NaF s BAS BLOUA=N

L2
1.u4
Ve
U0
0.0
2.10

L UeU

Je0
0.0
Vs
Oev
Us 0
V.0
Ve0
Vel
Ue0
Y]
Vsl

V.0

e

Vel
Vel
eV
Je v
Je 0
Ve u
Ve
Gsv
Ue0
Qev

le04

4
Usu
Je 0
vel
0. 0
1380
Vel
15.00
00
Ue0
Yel
V.0
Ue0
0.0

0.0

0.0
000

.U

0.0
Ue 0

2.10
12450

Vel
T
)
0.0
Vel
v.0
Uen
)

Ge29

TABLE 4 CONT.'D

JULY
43 Y
DaQ .. ... . Ueb
1:08.... 00
Oeu . 0.0
1.04 0.0
_3.10 L 0e0 .
0.0 “Dev
1a06. . . U0
0.0 0.0 )
Oev V.0
ey 319
J.lo;, .. Geu
Be10 . Ge20
0e0 - .~ U0
9e0. . 00
g.0 0.0 . ..
0s0 0e0
L Uel ven
“0.0 7 0.0
Uen .. 0.0
0.0 040
0.0 ved . .
Ueu _Ge0
0oL, . ... .2e1Q
) 0.0
GeU .. .. Geu
V.U )
L 0eu . 0.0
0,0 g0
U0 . Ul .
0.0 C Qew

IS
u.0
Geu
9.0
040,

Ue 0 .

Ve O

0.0
00

0.0
0.0
0.0

0e0
.0.0

0.0
0.0
Gs0
0a0

T 0.0
00

0.0
()
0.0

0.0 .
0.0 _ |

O

0,0

0.0
IQOA

.00

0.0

T0,0

40
Ve .

U-o

0.0

0.0

Qa0 i

0.0

0e0 |
. o

. Ge0

L0s0

0.0
0.0 .

0.0. ..

0.0

De0. .

9.0

0.0 .

0.0
. @0

0.0
0.0

G0

Q.0

Qe 0
0«0 .

Qe0
040
0«0

0.0

U T T S

W A1 L AL .. 49,
‘0.0 . . oeo0 0.0
66 . g . 0w
000 ... D0 0.0
00 . 0.0 ,0.0
S.20 0.0 520
>_§,if':; ‘ 0.0 ‘ i.§5
0.0 . 0.0 . 0.0
ii)éﬁ:;ﬂ:’:é.b - "'6;Q.
0.0 .. 0s0. . 0.0
i§.§§t(:7”6;6 104
0ol ..o De0. 040
C2.10 . 0.0 0.0
_0sD .. ... DeD 0.0
T ic5§:v>,"'fo.0" 0.0
8430 0.0 0.0
C3e127 7 o0 0.0
'0v0 . %0 0.0
T 0.0 70,0 1040 |
0.0 .. . .0 0.0
S Beg . 0.0 Ve0
3012 . .. 00 0.0
040, 0.0 0.0
C3el2 . 00 . 2410
Tl 000 T 000 0.0
000 o 0e0. 0.0 ..
Ciel0T T 000 T T a0 T
C0e0.. 0.0 . 0.0
060 T 0,0 0.0
060 . ... 00 __. 0,0
T0.Q.. ., .. 040 N 0.0

040

50
0.0 . . .
0.0
0.0
>6.-°

0.0 . -

0.0
0.0
0.0
6.0
0.0
" 0.0
0.0
0.0
0.0
1.04
0.0
0.0
0.0
0.0
0.0
0.6
040

" 0.0

0.0
0.0



*
i Pl
—.r vy

31
a2
Ty
RYY
‘348
ETN
57
.38
5§
ad .

[§]

43
a4

T as
a6 .

a?
Y]
as
50
61

vz

NeBASILUL AN

N oANT 1LL ARUMSN
"B oMEXICANASN

T PWUIFEUGIFOR =N
P . 2DECURA TA=N
QU INULEL UCUL ooN
Hotbtusun

R AUVENATN
ReafL ANt ICAGN

K oCOMPRIMAAN

" REUJATLANTECsaN
SeAFE INIS®N '
5 ¢ PUL CHR amN

54 BRADYANASN

T EARL ANGT =N

T s JAMALCENS (59N
T PAR VUL AN

_ TlUELLA=N .

T UJBELLUL AmN
UePEKLGH INA®N

U «PARVUL AN
UeVAR JPARVL N
VePeRtus Asiy

© .5 ePUL JVAM (PR IMAN

3 " VIRGULINELLASN

UL CPERLGR INASIY

U0
Ul
0.0
Je0
Qe 0
00
V.0

0e0

Uel

Vel
240
Vel
0s0
Oe U
040
Veu
Oev
Uebd
Veu
Vel
Vel
)
de0

Oels

Je0

- Qe

Q.0

3.10
0.0
0.0
0.0
ds0°

. 0e0
‘0.0

0.
0.0

520

e+ 0
1.04
0.0
VeQ
1404
00

TABLE 4 CONT.'D

JULY

040 00 '
T . 0.0
0.0 T 7 b0 TG
eb T e
0407 T 0a0
R T T 7Y I
o0 f T 060 U {04

‘geb it
0.0 . T
6.0

270‘00 .

0.0
2.70

0.0 7

‘wed T
“ded TG
Y 1Y TR
[ T R

T0.0 BN 7Y T
35400
U0

0.0
T

YY) Gs+0

a0 . .0 0s0
Y R
0o 0447

veo
B YY)

0.0
TN Ge0” T Ded

L 0e9 R TY
“8s0 T
0e0
eb A
Ge0 .7 T Qa0
00 T 06

U0 -
b.o »
. Ue0

1.0a

0.0
g.0Q T
0.0
Y D
0s0°

0e0 L

7Y
LU 00T

T.. aa0
T ake

0.0 .
0,0 77T T, d”
6.0
“o.0 T Tede

“a.0
040

" 0.0 R 7Y

Y 7Y

geg "

R TT
Toed L
0.0 "5 TG0
R TY
0.4

CaeaT T

N 04id

302"

i

S 0e0

BN 1Y
RGP S

R T TR
TELE
- YOS T 1Y T N
LA T3 MRS 14 § N

T 2448
AN 2% e

a0 T

BURINE 2 B
Bo

NG 'S [ JR

TUiveaT T
Gl T T OTQTTT TN
A VY P

0.0
LI Nata

0.0
-wvi.o‘ -

TGl
15.80 7
s T RN
.eeQ
Eatter 71 RS Ray 1Y R
0600 T 77800 T 77060
el #1 LR
R T I
TR Y 60 T 8430
IR DY T
ST I T

T 2e10 7
060 7
L Be0 T
T P0G T Be0
7Y TR

S

0.0
0.0
a0 TN T 040
0.0 " ne0
IR Ty R
_0s0.
Comag

" 0.0

0.0 .

030
N Y T
Tt Bed Y
T 0.0 T
o YT REREE F1
L 000 T [ 00
e TY SRR Y
T faied
0.0
. 040
1] RS
TG0

R 71 .2

T80

040 T e gug T
0.0

ALt 80
0.0 . _A-”

0.0 7T

BRI Y RISEAERS 1Y SR 7Y SRR T Y 1

T 0.0

AR TV B

I 1 P

R
B 1Y ki

AR T ]

IR XY SV

TR

Yoo ey

Nt En g

ey

R

g g g

9L-T



— VT 1Y

2
3
4
S
[
7

.15

I %
T 2e
21
1
' 23

24

o zs.
26
2t

T

R R S

.SAVPLE NAME
A HBECCAR DL N

A TENUULMAKGU
ACHELLASN . . . .

8¢ INREGULAR [ Sraid |
 BeLCUMANLeN ...

. O eMARGINATA=N

B 4CF o AS SEND ot2id
HeFHAGIL 1SN
BaELE GANT §SSeeN .
B SPINATAN

B 4SUG o ME X ICANA'SN. _
T CeSAGRAN

C o AFF o FLURIU o« N
CoUMBENA TUS =N

. CaSULGLLUBUSA®N
CIUICIDE 5 SPomN

CIBICIDES JUV.ewn .
TCevoLLEsAN

 EJFUEYANUMPN .
EoVITREAWN, |
 FeGRATELOUP ToN _
F.eATLANT JCA=N
EaFONTUN LN

HANZAWAL . JUV. N
MaCENCENTRICAN -

HeSTRATTUNE =N
JUVeBENTHUN I Coa
LERTICUL INA SPsN
LA‘UENA SHexmN

NoCFoUAS ILOMA=N

2]

U.0

0.0

Qe
Gev

21,80

V.0

1.08
Qev
1.04

Vev

Ve,

Q.0
Qe )

.0

e

Oev

V.U
Ve
0.0 .
1.04
_040 .
0.0
‘AQQU -

TS

Qe
V.0
U0
0.0
s 0

dedu

T Ued
1.0 __

Qe

52
0e0
0.0
T
V.0
4,20
0.0

12.50

Uel

00

0.0

I
0.0

ve0 :
0.0

0.0

V.0

0.0 .

Q0.
0.0..
040

0.0
0.0 . .
G.0
0.0
0eQ
0.0
U0

Tpe0 0 lepe T 00 T
Qe .. 1aU4 ... 0.0
000 ., 0.0 T beq

‘u.ﬁ

TABLE 4 CONT.'D
AUGUST

53, . ... 5% ... ., . 58
108 ... DO ...

Vel _ . L 0el . 0.0
0.0 B Y R T
g.0 ._
o

N Y I,
. Pe0 . .
0eu.

Lnfeg 0

. i.us .

Us 0

Ge

0s0 S 0.0
Qe . . Usl0 . GO . _ . DeQ .. .. .

0.0 _.

g m

Us0 ‘ . Qe 0 . 000"

Tt o -56 corTene o 51"'7"'.','11 -8 -
00 . . .

000 B T

0.0

PRy

ov0, ", . 8.0
0.0 - d.0

0ea. L Loy

L 0.0 .

2

060 . Qa0 ...

0.0 .__.' 0e0 . . . ,: 0eQ .\ .. Pe0 R
el .. 0s0. . L 000 . Qe 0 Q60 .
0e0 _ 1.0a Do ! L 000 0 77000
4.20 1.04 0.0 .. 0.0 0.0
00 T 040 0e0" 0.0 . TT0e0
1204 _  _we0 o leB4_ . 0.0 . . 0e0. .
veo | S.20 L0009 000 T 6.0
060 040 . . 000 000 0e@ .. . 0.0
0.0 . deva Q.9 " . 960 T 6e0 T
0e0 . . GeW.. ... 0.0 0.0 0.0

Q0.0

ELEESETY

o

-

/11=T



TABLE 4 CONT.'D

AUGUST

41 NeBASILOBAWN 0,0 6420 0.0 040 - 0.0 1,04 040

' 0.0 . 0.0 .. _...
T0.8 0.0 T

6.6 i 0.0_ .

T Ded T T T ge0 ot 7

040 C 060 7 o

T Bed T gyG T e

040 0.0 7T

SRR TY R 37 I A

T 0e0 0 0407

L0132 NoANT ILLARUMiN 00 0.0 V0 . Deu . Ce0
‘33 PLNEX TCANASN T e 0.0 b.0 0.0 0.0

LT 38 PLDIFFUGIFUR suN | 040 Ve 0.0 | w.u 0.0
"B% "H ECDHATAWN T .0 0.0 - [ 1Y K T R 040"
.36 . OUINQUELCCUL a=N . . Ueu 0.0 0.0 . 0.0 . . 0e0 .

"T37 Re10TUSN ’ 0.0 0L 00 0.0 T be0 BT
Sl e 38 . Rl.aUVENAsN . T Tgle Ve . U0 i 0e0 LT we0l D

T 49 H.ATLANTLICAmN . 6,0 0.0 U0 " De0 ‘040"
T 0 R.cOMPRIMASN 0T ae0 G.u 0.0 Y T I VY SN TF SRR S
41 REcJaTCANTICS®H 77 L v.0 ‘0.0 0.6 be0" 0 TO0 T T oBIETY T (13 JEEE A 1Y T
e a2 SearEiINIsen T T g0 ‘u.0 " oe0” B T Y DAY T T 040 Q.0 N
a3’ s.eulicnansd 0.0 I 0.0 T o.0 0.0 UUBLETT U U 0ldT T T 6.0 CBib Y 0l T
Ll e SJERADYANA®N . . . ge0 UeD . 0,0 17 0.0 L 040 lae@ T 0400 U 7000 6420 .. 0.0 o
’ of "T.eaRtANDIeN T T g.e 040 - Ve T 00G T Qe WG Be0 T @0 T80 7T 040
) . 0.0 0 N 0s0. . . 0.0

P P St aiht I 2O A prmen

ST L ae L TJJAMAICENSISWN . 0.0 0.0 - Tu.o 0 0.0 T U0w0 T bed
' at “FeeddvuLadN T T T 0.0 T 06077 T GV0Y T 0.0

TRl TiBEL AN T L e T eew U Tewe DU 2une 0. 2480007 T.04 DT
' 46 “UJBECLL AN T 1.08 0 a0 T Bie 7 Toae T DT R BT g e

OO YYDy Y DR S | I 1Y
OB T T 060 T QR8T Qe T e
w82 UeVARGPARV . wN BT O T R 4 7 US"T S T T S [N TV R Y SRR  FY JUUSRY - P D

TT837 VipERTGS AmN 830 "7 0s0 7T T 0e0 T U a0 T SR 1 Rt T UgagTETIE T
L .. . B6..S.PULJVAHMBRIMSN . 0.0 0 T 0.0 7T 0l T T eda - 0,0 T
T B5 UVIRGUUINELLA=N 777 deo T T 040 0.0 77" TolgT
[0 Be. LWPEREGRINASN [0 040 LT Twed T Wi T Gea 0T : N
cn s e e e e e e e BB GR T 0R Bl T BT eEY

o 50 UJPEREGRINAGN - U 0.0 . 0.0

O BT Ul AARVL A " ve0 0.0

Amabl

By W

0.0 0.0 B T A 'FY +

U - - e - N - e e e et e v ey [
o [ - e - .~ LA R R e ety s e e
s . . ¢ v - R e wme

[ Y P



TABLE 4 CONT.'D

NOVEMBER

of
NUMLER  SAMPLE NAME 1 a R R VT T Son— .9 S [ —
1 . AeBLCCAR I ION . Ve 0 Va0 ... Qe . . Qe ....QeQ . 1«04 . .. OO0 0.0 .. 0.0
T2 AJTERGUIMARGU L uvew ve0 Co0e0 060 000 T0eg T 060 T 60 [0 040 640 -
3 AGLLLLAN . w0 0.0 . es0 0e0 .. 040, ... DeB. . Qa0 ... . 0s0.. . _0e0 _ _ 0.0 :
4  HJIFREGULARIS=IN Voo C 0.0 . U060 7 0e0. 7 0eg T 0.0 L 0.0 T T Be0 T T 846 T 0.0 o
5 U.LUwMANIN 0.0 . we20 . . _Gew . 0l .. . _ Uea 040 . 0e0 . s.20 '
6 Y. MANGINATAmN Ve 0.0 040 ,‘ Vet 000 .. "‘,é‘o.o RV TY S 27 2 ‘ .,{
L7 BeCl s LASSENDeN | Qe 6.20 R (T Lo Wel .. eV e Q00 0.0 . 0.0 -
¥ BeFHAGILISSN s . 0e0 . 60 . g.0. 7 v ARSI 7Y T Y T 0.0’ :
Y. UetLEGANTISS oid V.0 u.o 0.0 0.0 .. 0a0 . 0e0 . 0.0 ... 0.0 .
10 . UsSPINATA=N ) Uss 00 . 0s0 T wen 00 .04 T 0.0 T ]
11 B.SULU.MEXICANA-N us0 ueu 0.0.. . . 0.6 ... 0.0 . . 04D . W@ . . _ 0.0
12  C.SAGRAN . V0 .o . G0 0,0 7 edo T T 2419 0 D 0.0 1.0 7 0au
13 CoAFE oFLURID. =N _ 0.0 Vel .. . Uel ... Qeu 0.0 ... .. 040 . G40 040 0.0 .
14  GeUMBUNATUSAN 0,0 " 0.0 ° 040 . 0.0 0s0 T I T TR TY TR Y )
215 € SULLLULGSANN 9.0 0.0 . Vel - ... 0l 060 . .. 0s0.... _ 3eQ4._ . __ 0.0 0.0 040
C4o. CIBICIDES SPeeN v, 0 0.0 00 0.0 . 0.0 7 T8 00 T 0.0
17 CIOICILES JUV o oN deu 0.0 . 0.0 ... ..0a0 . 0.0 . 0.0 0.0 . 0.0
18 CaMULLLSmN .o usu . 0.0 u.0 " 0.0 T ©a40 0.0
e 19 . EePLEYANUMWN . Oeu L0e0. . . DeO.. . .. Ul . . Osu. . ee0 . 0w 0.0
T U 20) EevITREASN ) S0 0l L 0e0 TR0 TR0 0,0 T 000 T 04b 0.0
21, F.GRATELGUP Iwn 0s0 . 0s0 . . Be0 .. . BeO . .. 000 . . 0a0 . 3410 . . _ 00 . 0.0 . 0.0 o
22 FoATLANTICA=N, . .. ey S 0.0 . wew T Tee0 L0 000, T T 000 fp . 000 7777060 000 0.0 :
&I . FoFLNTONLaN . ... . . 0«0 S 1e04 .. Oa0 . - Ue 0. e e ReO. L .-9+8Q_ ___ 0.0 . .0 1.04
24 HANZAWAL JUVe=N . . . 4.0 . u.0 ve@ . . Q.0 e, 00@ T T0s0 T 040 0a0 0.0
25 . HeCUNCENTKICA=H . Vel B FY ) N T ] o LWel e Q0 0e0Q 040 . 0.0 0.0
“26 HeSTRATTUNI=N B T " 0.0 ... 060 ] W Ne0T T 80200 T 0007 T 6.0 0.0,
27, JLV.HERT HUNLCei veu Ve . 0a0 . 0. ... 0e0@ . . 0.0 .  21.80 __ 0.0 .  0e0 0.0
28 LENTICW. INA. SPaN 9su 0.0 . weu 0.0 . 0,0 7 040 | 9.0 T9e0 0.0 0.0
29 LAGLENA S «wN .. - Ve Ue0 .Us O .. U.0 . 0.0 N anv e A,. 3.10 ... Oa0 0.0 ‘ 0.0
30 NGl ouUASILUBACN Vet U0 Deu 0.0 . Ge@ N TY QG . 0.0 . 0.0 0.0



NoUAS T UbsAmtd
NoANT ILL ARUMe
PNt X ECANATN
PeDIFFUGIFOR o
P IDECORAT AmN
ULINULLAL. UCUL s mate

S Ratutus=N .

ReATLANT 1CAWN

0. ReCOMPhIMaweN .
TREQJATLARTIC N

. SAFEINISeN . . .
SapULcHRAN . T T

. SaBRADYANAmN .

Ty

CF IR AR VUL Al
T eBELLAGN. .
UoRELUUL Aalt
T B0 . U.PEREGR INAWN
S
TR UavAR.PARVaRN LT
Y BER fUB AN
TBATSAPUL SVARGPHIMAN
P

e
E1e

847

T VJEARUANG N
CTOJAMAICENS Ise

USPARVUL sl

ViRGuULINGLL A
LoFEHEGRINARN .

<

GeQ
Jel
[TRRY
Oev
0.0
Ul
0.0

ve0

V.l
0.0
0.0

. 0.0

0.0

) 0.0-
0.0°
L a.0
T 6.0
“v.o

0.0

[0
oo

0.0

0.9
T

0.0

0.0 .
Y Ul

TABLE 4 CONT.'D

NOVEMBER

.0
G0

°..° N

R DY T
1Y IR
Y 7Y

T

0.0

6.0
040
040 .

0.0

0.0 0,0
040 0.0
dco.. ’ "0-6
0.0 . 040

' b‘o : ! -°'°|

0.0 . . 0.0

TQe0 .

i PY 3 CRed
B 11 Recaaiaual T1 B

038

. Qe0 . -
[ PE DSt Y A S

g T T A e
. 040 T 000
AN 11 AN HEAN T
NPT S
‘Be® T30

B TY
EEGRALY  TY

B
: T

R ]

b e OV

NnA_T



TABLE 4 CONT.'D

DECEMBER

g o NUMBER  SAMPLE NAME i LI 16 : 15 L L ST T DI 19 ., ... . 20
o : 1 AsbbECCAR Liran . Ueu UeQ G0 Q.0 Q.0 - S 0.0 cee o.o - 0.0 .- 00 . . Q.0
. 2 AW TLHGULMARGOWN Vev 0.0 v.u 0.0, . 0 L0eg 0.0 0e0 | . 0.0 0.0
¢ ~ 3 ASBELLAWN . 0.0 0.0 Ueu ven 00 . . 0e0 . ... 040 .. . 0.0, 0.0 0.0
i 4 Yaelbkkb GULAK TSN Vel Vel Ge v Vev . 0e0 0o V.0 0.0 . 0.0 G.0
- 5  u.LLwMANIOoN Ue 0 U Y V.0 0.0 0.0 .. 0.0 . 6.0 Q.0 0.0
6 BeMAKLINATAN U ) Ue0 g.0 0.0 " 0.0 0.0 0.0 0.0 . 0.0

7 GaCleBASLENUS N . Uau ) veu Veu T 0.0 . 0eQ. . _.. .00 040 0.0

8 HeFRAGIL I3 N I TN Veu veu 0.0 0.0 0.6 | 0.0 0.0 0.0

Y . UELLGANTI5S .0 i Vv Ueo Ue 0 0.0 . 0.0 . 0.0 . 0e0.. . Deo 0.0 0,0

LG UeSPENAT Ann u.u Vsu v.u 0.u " 104 0.0 0.0 g.0 . Te28 0.0

J11 . EeSUBWMEX TCANACN 0.u V.U .. V.0 0.0 0.0 oed _ Q.0 V.0 . 0.0
) 12 CeSAGRAAN ) V.o 0,0 e je0a | 0.0 .0.0 . 2.0 108 2.10
13 CoAFF JFLORID W owu ) U.u 2.0 Us0 . 0.0 . . B.0 0.0 . 0.0 0.0

. 149 CoUMUUGNATUSH N Ve Vev Vo0 0.0 0.0 " 0.0 R TY T 060 0.0 0.0
S .15 CeSULLLULUSA=H Vv OeU . LU 0.0 0.0 0.0 .. 0.0 . 0.0 0.0 . 0.0

16 CIBICIOLS SPeN V.U V.0 0.0 V.0 U0, 0.0 0@ 0.0 0.0 0.0

S 17 CIBICILES JUV emN U0 U.0 0.0 Cue0 0.0 . 0.0 . 0.0 .. 00 " 0.0 0.0
18 CoMULLIS™N v.0 Vev Uev ) " 0.0 0.0 0.0 7T 0e0 . deo 1.04
.19 E.FLEYANUM N . U.0 Uen ViU . TR Ua0 L0680 . 0.0 . Qa0 0.0 0.0
T 20 ElvITRCAGN ’ Va0 0.0 | CUeu " 0v0 T CTT B ¢ 6.0 ' 0.0
. 21 F LKA TEL UUP LN Uau v.u L 00 ) © 0.0 0.0 .. ... 0Qe0 .. . .. 0e0. 0.0 . .. 0.0

22 FJATUANTICA=N Uau Y R I 0,0 . 0e8 0,0 .. 0.0 . i.04 " 0.0
23 F «FUNFON Imn Veu Vel . .. leus 00 0.0 L 3410 .. 0e0._._. 2«0 . 0:0 . 1,084

24 HANZA#Al JUVeoi V.o Ve 0.0 Gl . 0.0 T 00 ... 00 ' 0.0 . 0.0

25 HaCUNCENTRICASN Ve 0.0 . 0.0 . Vel . . 040 .. .Qe0 0.0 _ . Q40 Q.0 _ 0.0

. T 26 HeSIRATTUNI=N | V.0 Voo’ BT gsu TP S 1Y) 0 L. 0007 6.0 6.0
. 27 . JUVLUENTHUN T Cont ) V.o . 0.0 .. .. 0.0 0.0 _ . L0e0. . 0.0 . 0.0,

. 28 LENTICULINA, 589N 0.0 . we0 0w . o 0.0 | 0@ 0.0 0.0
29 . LAGENA SPe=H . . Q0 (TPY] Ve 0 .Ul U.0 Y . 0.0 0.0

T 30 NeCFeLAS ILUBA=N Veu U0 0.0 et 0.0 . 90 0.0 1.0

TO=T



TABLE 4 CONT.'D

DECEMBER

: 31 HiHAS lLuBAmn 0.0 1408 ' 0,0 0.0 © 040 B0 0.0 0.0
L7 0 32 UNGANT L Alume V.o 0.0 . Tldeo T pen. T 7T 0en T TRed T 0e6 T 7 TBa0
STV 3Y TeiNEx 1ChnawN T aeu LT R PY R Y Y BT 7Y T A 7Y TASRRL AN P RN 7% T
L 02 7 34 P FUGIFORaN Geu T 1 T P N 70 R YV Y 1Y O Y B W 0.0 . :
U 36 TBUIbECORATAWN 0.0 00077 TELT T T Ea0TT T T gie LTI IS ERIE T TG0 T G T e L Ty
L SR PY BN 1Y D 7Y T Y S,

37 Werotusan T e 0.0 .0 T 00 T T T he0d T TR0 BT TG G AN T e T TG g
38 TRe0 T ITT000 T U T Bel T T Gv0 T

OUIAGUELOLUL N . . 0.0 [ T Y 1 S S N

AGVENA=N "0.0 0 0.0 T80l T denT L T e DTG
A.ATLANTICA®N 7 " 6,0 0.4 C 0.0 0.0 " 7 0ed ERNE 7Y ALY - 1Y IR SR - Y - AR 1Y BRI
. RGCUMPRIMA=N. . L0s0 . 0e0 T Bes. T T we0 L T oe0 L 00T T 000 L 007 Be0 . T I 0e0 .
RECLATLANTIC i’ 0.0 00 ' P00 V0.0 0.0 "R VOO 000 T 040 "7 T QRO T e

SJAFEINtueN . T T aae T T Wi V.0 9.0 .. 0.0 . TTI0.0 LIITT0,0 0 060 U T 0,0 T T
L &3 sipulcHRASN T T V.0 C 040 T0.d T 8.0 0.0 T TEMRYITT @80T T i T T8I0 Be@ T e

S0 LT 0000 T 0e8 . 0.6 T
AN 1Y AR R 1Y IR TV Y 11 TRt
I YY B 1Y

44.. SJEHADYANA®N . Va0 " e.0 ueu . gl 0.0 T Da

4% T JEARLANDI®N 0.0 T0s0 T 0es T T beo
0.0 0 0.0 T 04D
BB T 006 g e
) LT bee TN 0,0 T T
[ 1Y I SOSUASEE 11 - BEEEMARI
SIT0.0T T U040 T I T he0d ] T T
Qa6 3 PP R 1Y T 1T TGRSR 71 SER O WYY
- R ) T

L8686 . TeJAMAICENS 1SmN B T S DN P TR PATI
“ar F.paaviLaml T T gge 00 04077 T dabe

i R P 7R T ST
Tesol TTUYIU8E T

08 TLBELLAWN . _ -1 de0. . oe0 .7 usé
a9 U.BELLUWAWN 770 0.0 7 0e6 T “"pep
50 _uULBEREGRINASN . . 0.0 0 L 0.0 T UITEI0 T U bae
i UpARvOL A T R YU R A 1T BEESRr
T82 ULAR<PARV e TR T dad
53 7 V.den Tus den Teue . m T T e A T g0 TN TS

54 B.PULVARGRIMeN . ua0 T aael 7T TTeca TTLT G 0TI i

BT Y IR 7

N TT S it oo o

R 11
T T e e

CVIRGUEINELLA=N T 7 0.0 BTN 7Y R TH IR T M GstRiaN M Al 11 Ratbting ¥ ERac vl 11 MRSl 11" ki i bl
L LWFEREGRINA=N T ee0 T Thee. T TRV6T LT Tawe T

N PY DA 1Y NENRIRRC . P Y ORERY T DU PY

T o.v B T SRR L R Y R ! T TR et FY M2 aaaitlr 74 . It an’ P BOisibies ' 19 kit

2 17 ResmoEaidas

I F. . NN . PR ey e R TR A e I e R T i s <Gt IR SR RPN
g e e e e e . B - . - B e e e et e e e [ B

TO_T



CHAPTER TWO

ANALYSES OF 1975-76 MICROZOOPLANKTON SAMPLES FROM TRANSECT II

Principal Investigator

Patricia L. Johansen



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.

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.
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INTRODUCTION

During 1975 and 1976 the microzooplankton effort of the BLM STOCS
program was directed toward the sarcodine protozoa, 7.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%Z 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 zo;plankton is
rather significant. This problem was partially corrected in 1977 with
the inclusion of a ciliate sampling program into the BLM project.

During 1975 and 1976, 1-% wunconcentrated 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-% water samples were collected with
a 50-% Niskiﬁ bottle from 10 m and from 1/2 the depth of the photic

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



Continental Shelf. These samples were preser&ed with 57 buffered formalin.
In addition, during November and December 1976, additional 1-% samples

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

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

basic Lugol's fixative.

Sample Analysis

A 500-ml aliquot of each 1-% 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 u® approximately equals 10-¢ ug; dry weight was assumed to be 137 of
the wet weight (Beers and Stewart, 1970). Total dry weights (mg/m®) 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:

S
Hg = I pi In pi; where:
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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 (85%)
were found in 1976. Eleven (11) species (15%) were found only in 1975
while 32 (44%) were found in 1976. Twenty-nine (29) species (40%) 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
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 eaeh 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.



OCCURRENCE OF PROTOZOAN SPECIES ALONG TRANSECT II BY YEAR

Species

TINTINNIDS

VoSN WL W

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39

Amphorides quadrilineata
Climacocylis scalaroides
Cadonellopsis americana

Dadayiella ganymedes
Dictyocysta lata
Dictyocysta reticulata
Epiplocycloides acuta
Butintinnus apertus
Eutintinnus lasus-undae
Eutintinnus tenue
Ormosella bresslaut
Parundella dificilis
Parundella subcaudata

Proplectella
Proplectella

claparedei
subcaudata

Protorhabdonella curta
Pseudometacylis ornata
Rhabdonella brandti
Rhabdonellopsis triton
Salpingacantha undata
Salpingella acuminata
Salpingella minutissima
Steenstrupiella gracilis

Stenosemella
Tintinnidium
Tintinnopsis
Tintinnopsis
Tintinnopsis
Tintinnopsis
Tintinnopsis
Tintinnopsis
Tintinnopsis
Tintinnopsis
Tintinnopsis
Tintinnopsis
Tintinnopsis

ventricosa
inecertum
acuminata
compressa
dadayi
directa
fennica
levigata
lobiancot
minuta
sacculus
tocantinensis
tubulosa

Tintinnus tubulosus
Undella hyalina
Xystonella treforti

OLIGOTRICHS

40 Lohmaniella oviformis
41 Strombidium acuminatum
42 Strombidium calkinsi

43 Strombidium conicum

44 Strombidium cormucopiae

TABLE 1

75 76
X X
X X
X X
X X
X
X
X X
X
X X
X
X
X
X
X
X
X X
X
X
X
X X
X X
X
X X
X X
X X
X X
X
X X
X
X
X
X X
X
X
X
X X
X X
X
X X
X X
X X
X X
X X
X

Species

45 Strombidium ovale

46 Strombidium strobilus
47 Strombidium sulcatum
48 Strombidium typicum

FORAMINIFERA

49 Bolivina striatula
50 Bucella frigida

51 Globigerina pachyderma

52 Hastigerina pelagica
53 Robulus reniformis

RADIOLARIA/ACANTHARIA

54 Acanthostarus pallidus
55 Acanthostarus purpurascens

56 Acrobotrys sp.

57 Anthocyrtidium ophirense

58 Conchidiwm argiope

59 Hexaloncha philisophica

60 Lithomellisa setosa
61 Neprospyris docris
62 Sticholonche zanclea

63 Triplaciacantha abietiha

OTHER PROTOZOA-

64 Amphisia pernix

65 Ephelota geminaria
66 Euglypha loevis

67 Euplotes minuta

68 Euplotes sexcostatus
69 Mesodinium rubrum
70 Tiarina fucus

71 Tiarina fusus

72 Tontonia gracillima

75 76
X X
X X
X X
X X
X
X
X X
X
X
X
X
X
X
X
X
X X
X X
X
X
X
X
X
X
X
X
X
X
X



TABLE 2

AVERAGE .ABUNDANCE (INDIVIDUALS/2) 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
TINTINNIDS
Amphorides quadrilineata 2 .7 .7 7.3 1.1
Climacocylis sealaroides .7 .2 .2 10 .2
Codonellopsis americana 21.3 .7 .2
Dadayiella ganymedes 2.7 .2 24.7 .2
Dictyocysta lata .2
Dictyocysta reticulata .2
Epiplocycloides acuta 6.7 2 1.3 .6 3.3
Eutintinnus apertus .7
Eutintinnus lasus-undae .7 2.2 2 2.6 7.3 2.8
Eutintinnus tenue .2
Ormosella bresslaui . . .2
Parundella dificilis .2
Parundella subcaudata .7
Proplectella claparedet .6
Proplectella subcaudata .2 .2 .2
Protorhabdonella curta 70 2.7 .8
Pseudometacylis ormata .7
Rhabdonella brandti .7 1.3 2.7
Rhabdonellopsis triton .7
Salpingacantha undata .2 20 2.7 1.1
Salpingella acuminata .7 .7 .2
Salpingella minutissima 1.3
Steenstrupiella gracilis 3.3 .6
Stenosemella ventricosa 4 16.7 1.3 .9 4
Tintinnidium incertum 43.3 20.7 8 2
Tintinnopsis acuminata 4 2.7
Tintinnopsis compressa 1.9
Tintinnopsis daday< 4.7 .2
Tintinnopsis directa .2
Tintinnopsis femnica .6
Tintinnopsis levigata .2
Tintinnopsie lobiancoi : 2 A
Tintinnopsis minuta 29.3 .2
Tintinnopsis sacculus 11.3
Tintinnopsis tocantinensis 11.3
Tintinnopsis tubulosa 3.3 .2 .2
Tintinnus tubulosus 4 5.6 2.7 4 J 1
Undella hyalina .9 b
Xystonella treforti 4002 .2
OLIGOTRICHS
Lommaniella oviformis 5.3 22.7 11.3 36.1 12 9.7
Strombidium acuminatum 1.3 9 2.7 .7
Strombidium calkinsi 6.7 22,7 15.3 13.4 3.3 3.3



OLIGOTRICHS CONT.'D

Strombidiwm conicum
Strombidium cormucopiae
Strombidium ovale
Strombidium strobilus
Strombidium sulcatum
Strombidium typicum
Tontonia gracillima

FORAMINIFERA

Bolivina striatula
Bucella frigida
Conchidinium argiope
Globigerina pachyderma
Hastigerina pelagica
Robulus reniformis

RADIOLARTIA/ACANTHARIA

Acanthostarus pallidus
Acanthostarus purpurascens
Aerobotrys sp.
Anthocyrtidium ophirense
Hexaloncha philisophica
Lithomellisa setosa
Nephrospyris docris
Sticholonche zanclea
Triplactiacantha abietiha

OTHER PROTOZOA

Amphisia pernix
Ephelota geminaria
Buglypha lozvis
Euplotes minuta
Euplotes sexcostatus
Mesodinium rubrum
Tiarina fucus
Tiarina fusus

TABLE 2 CONT.'D
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TABLE 3

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

SPECIES Jan Feb Mar "Apr May June Juiy Aug Sept Nov Dec
75 76 76 75 -~ 76 75 76 76 76 75 ~ 76 76 75 - 76

TINTINNIDS
Amphorides quadrilineata .7 a2 22 2.7 .7
Climacocylis scalaroides 14 7 21,
Cadonellopsis americana 2 .7
Dadayiella ganymedes 72 .7 1
Dictyocysta lata .7
Dietyocysta reticulata .7
Epiplocycloides acuta 2 7 8 1.7 4
Eutintinnus apertus .7
Eutintinnus lasus-undae 2.7 2 2 2 14 7 .7 1.3 4 .7
Eutintinnus tenue .7
Ormosella bresslaui .7
Parundella dificilis ’ .7
Parundella subcaudata .7
Proplectella claparedeti 1 1.7
Proplectella subcaudata 1.3 '
Protorhabdonella curta 4 1.7
Pseudometacylis ornata .7
Rhabdonella brandti
Rhabdonellopsis triton
Salpingacantha undata .7 .7 .7 .7 .7
Salpingella acuminata 2 1.3
Salpingella minutissima 1.7
Steenstrupiella gracilis
Stenosemella ventricosa 2 .7 4 3,
Tintinnidium incertum 3.3 68 11.
Tintinnopsis acuminata
Tintinnopsis compressa 1.7 .7
Tintinnopsis dadayi 7 - .7
Tintinnopsis directa .7
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TABLE 3 CONT.'D
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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

Acrobotrys sp. .7

Anthocyrtidium ophirense .7

Conchidium argiope .7
Hexaloncha philisophica .7
Lithomellisa setosa 2 4 2
Neprospyris docris .7 .7

Sticholonche zanclea .7

Triplaciacantha abietiha .7

OTHER PROTOZOA
Amphisia perniz
Ephelota geminaria 6 1
Euglypha loevie
Euplotes minuta 4
Euplotes sexcostatus 1.3
Mesodinium rubrum
Tiarina fucus .7 .7
Tiarina fusus .
Tontonia gracillima .7 .7
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Figure 1.
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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
destroyéd. The foraminifera, radiolaria 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
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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in 1976, especially among the radiolaria, (Taﬁleé 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 guality 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—loricgte forms
(e.g. Amphorides, Climacocylis, Dadayiella, Eutintinnus, Ormosella and
Rhabdonella) tend to inhabit more offshore regions while the arénaceous-
loricate forms (e.g. Cadonellopsis, Tintinmnidium, Tintinnopsis) 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 foraminif;rangwencountefed an&ﬂéhe fadiolaria/
acantharia tend to occupy offshore areas while the '"other" protozoa are
more common at Station 1.

Arsmall piece of quantitative data can Be obtained from the November-
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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TABLE 4

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

MONTH STATION
1 2 : 3
November 5% 4z L 17%

December 12% 6% 3%



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 Szyper, 1976; Beers et al.,
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.
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APPENDIX A

TABLE 1
LIST OF SPECIES AND THEIR ABUNDANCE IN NUMBERS/%

FOR EACH SAMPLE COLLECTED IN 1975 FROM STATIONS 1, 2 AND 3
ALONG TRANSECT II

Explanation of Table:

SACD = Sample Code
S = Station
T = Transect
Date = Date
Time = Time of Sampling
Z = Depth of Sample
SPCD = Species Code
NOPL = Number of Organisms/%
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SACDL 5 1 DAIE TIME Z SPCL SPECIES NAME NOPL
AAUM 3§ 2 121274 1204 1V 4230 LITHUMELLISA SETUSA 4
AALM 3 2 121274 12vu0 18 2235 LOHMANIELLA OVIFORMIS . 36
AAUM 3 2 121274 1240 14 1355 SALPINGACANTHA UNDATA 12
AAUM 3 2 121274 1200 1v» 138U STEENSTRUPIELLA GRACILIS 16
AAUM 3 2 121274 12V4 10U 2404 STRUOMBIDIUM CALKINSI 8
AAUM 3 2 121274 12vv 14 2405 STRUMBIDIUM CONICUM 52
AAUM 3 2 121274 124y 146 2415 STRUMHIDIUM OVALE 44
AALM 3 2 121274 (20¥ 10 2428 STRUOMBIDIUM STROUBILUS 4
AAUM § 2 121274 123 14 2425 SITROMbIDIUM SULCATUM 86
AAUM 3 2 121274 1200 16 1450 TINTINNIDIUM INCERTUM 4
AANM 8 2 121274 1240 1V 1548 TINTINNUPSIS SACCULUS 32
AAUM 3 2 121274 120v 18 1594 XYSTONELLA TREFORTI 12
AAwD 3 2 121274 j2uY 25 1485 CLIMACOCYLIS SCALARUIDES 8
AAWU 3 2 121274 1210 25 1164 EPIPLUCYCLOIDES ACUTA 12
AAWD 3 2 121274 1244 25 1185 EUTINIINNUS LASUS=UNDAE 8
AAUD 3 2 121274 12vu 25 4230 LITHUMELLISA SETUSA 12
AALD 3 2 121274 12w 25 2235 LUHMAN]IELLA OVIFORMIS 16
AAUD 3 2 121274 1200 25 1355 SALPINGACANTHA UNDATA q
AAUO 3 2 121274 1200 25 136U SALPINGELLA ACUMINATA 4
AAGU 3 2 121274 12u4 2% 1380 STEENSTRUPIELLA GRACILIS ' 4
AAUO 3 2 121274 1248 25 240W STRUMBIDIUM CALKINSI 8
AAULD 3 2 121274 12uv 25 24v5 STRUMBIDIUM CONICUM 36
AANU $ 2 121274 120 25 241¥ STRUMBIDIUM CORNUCOPIAE 4
AAUD 3 2 121274 12vw 25 2415 STRUMBIDIUM OVALE 12
AANU 3 2 121274 12vv 25 242V STRUMBIDIUM STROBILUS 8
AANL 3 2 121274 12u¥ 25 2425 STROMBIDIUM SULCATUM 8e
AAWD 3 2 121274 12¥u 25 243V STROMBIDIUM TYPICUM 12
Anul 3 2 121274 12w 25 1459 TINTINNIDIUM INCERIUM 8
AAWD 3 2 121274 12¢¥ 25 1515 TINTINNOPSIS LUBIANCO] 12
AAWD 3 2 121274 12vw 25 1540 TINTINNOPSIS SACCULUS 36
ACHB 1 2 wdll75 1529 ¥wS 13685 STENOSEMELLA VENIRICOSA 8
ACMB 1 2 41775 1525 @5 2395 STRUOMBIDIUM ACUMINATUM 8

0Z-¢



SALD 8§ 1 DAlE TIME 2 SPCL SPECIES NAME NOPL

ACMB | 2 a41775 1525 45 2405 STROMBIDIUM CONICUM 4
ALWB | 2 441775 152% ©5 2425 STROMBIDIUM SULCATUM 8
ACMB 1 2 W41275 1525 ¥S 1458 TINTINNIODIUM INCERTUM 92
ALMB | 2 441775 1525 WS 1480 TINTINNUPSIS DADAY] 16
ACHMH | 2 841775 1525 ©% 1568 FINTINNUS TUBULOSUS 8
ACLZ 1 2 641775 1520 190 1445 AMPHURIDES QUADRILINEATA 4
ACLZ 1 2 041775 1520 1@ 2235 LOHMANIELLA OVIFURMIS 8
ACLL 1 2 W41775 1520 10 3350 ROBULUS RENIFORMIS 4
ACLZ 1 2 941775 1520 10 1385 STENUSEMELLA VENTRICOSA 4
ACLZ | 2 841775 1526 14 2405 SIRUMBIDIUM CONICUM 4
ACLZ 1 2 @41775 1520 14 2415 STROMBIDIUM OVALE 4
ACLZ t 2 Y41775 1524 1w 2425 STRUMBIDIUM SULCATUM 20
ACLZ 1 2 441775 1520 10 1450 TINTINNIDIUM INCERTUM 132
ALLZL | 2 V41775 1520 10 1480 TINTINNOPSIS DADAYI 12
ACLZ 1 2 041775 1524 10 1560 TINTINNUS TUBULOSUS 8
ACPD 2 2 Ww4l875 1514 1¥ 3855 BOLIVINA STRIATULA 4
ACPD 2 2 W41875 1510 1d 2235 LOHMANIELLA OVIFORMIS 4
ACPD 2 2 V41875 1514 10 1385 STENUSEMELLA VENTKICOSA 4
ACPD 2 2 Wd41875 1519 18 2395 STRUMBIDIUM ACUMINATUM - 16
ACPD 2 2 041875 1519 14 2400 STRUOMBIDIUM CALKINSI 24
ACPD 2 2 441875 1510 10 2405 STRUOMBIDIUM CUNICUM 32
ACPD 2 2 Y41BTS 1510 1d 2429 STROMBIDIUM STROBILUS 12
ACPD 2 2 441B75 1512 14 2425 STROMBIDIUM SULCATUM 56
ACPD 2 2 V41875 1510 14 2438 STROMBIDIUM TYPICUM 8
ACPD 2 ¢ 041875 1514 10 1450 TINTINNIOIUM INCERTUM 24
ACPD 2 2 9¥41875 1518 14 1560 TINTINNUS TUBULOSUS 16
ACPF 2 2 441875 1514 15 1045 AMPHORIODES WUADRILINEATA 4
ACPF 2 2 W41875 1519 15 3855 BOLIVINA STRIATULA 4
ACPF 2 2 J41875 1514 15 1185 EUTINTINNUS LASUS=UNDAE 8
ACPE 2 2 041875 1510 15 2235 LOHMANIELLA OVIFURMIS 8
ACPF 2 2 041875 1518 15 24090 STROMBIDIUM CALKINSI 12



SALD

ALPF
ACPF

~ ACPF

ACPF
ACPF

ACSC
ACSC
ACSC
ACSC
ALSL
ACSC
ALSC
AC3C
ACSC
ACSC
ACSC
ACSC
ACSC
ACSC

ACSE
ACSE
ACSE
ACSLE
ACSE
ACSE
ACSE
ACSE
ACSt
ACSE
ACSE
ACSE
ALSE

«

AT\ VI P\ Vi, W

W v e v e v e W e s

NN

DAIE

e41875
441875
vy41875
441875
4418175

451075
v516795
4510675
¥51675
951675
151675
851675
¥51675
0516175
451675
951675
851675
451675
451675

451675
451675
051675
451675
4516175
¥51675
451675
¥516175
4516175
4510675
451675
451675
8516175

TIME

1510
1510
1514
1519
1514

1615
1615
1615
1615
1615
1615
1615
1615
1615
1615
1615
1615
1615
1615

1615
1615
1615
1615
1615
1615
1615
1615
161%
1615
lelbd
16195
1615

15
15
15
15
15

1
10
14
19
iv
10
1o
16
10
10
1o
10
10
10

23
23
23
)
23
23
23
23
23
es
23
23
23

SPCL

2465
2415
2421
2425
1450

Lods
1085
1115
1160
11895
2235
1305
1330
1345
24us
2415
24z2u
24es
2u3u

18015
1045
1085
1115
1185
2235
1285
24pvv
2495
24i
2425
243u
1564

SPECIES NAME

STROMBID1UM CONICUM
STRUMBIDIUM OVALE
STROMBIDIUM STROUBILUS
STROMBIDIUM SULCATUM
TINTINNIDIUM INCERTUM

AMPHURIDES WQUADRILINEATA
CLIMACOCYLIS SCALAROIDES
DADAYIELLA GANYMEDES
EPIPLOCYCLOIDES ACUTA
EUTINTINNUS LASUS=UNDAE
LOHMANIELLA OVIFORMIS
PROUTORHABDONELLA CURIA
RHABODONELLA HRANDTI
RHABUONELLOPSIS TRITON
STROMBIDIUM CUNILICUM
STRUMBIDIUM OVALE
STROMBIDIUM STHUBILUS
SIROMBIDIUM SULCATUM
STKOMBIDIUM TYPICUM

ACANTHOSTOMELLA NORVEGICA
AMPHORIDES QUADRILINEATA
CLIMACOCYLIS SCALAROIDES
DADAYIELLA GANYMEDES
EUTINTINNUS LASUS=UNDAE
LOHMANIELLA OVIFURMIS
PARUNDELLA SUBCAUDATA
STROMBIDIUM CALKINSI
STRUMBIDIUM CONICUM
STROMBIDIUM STROBILUS
STRUMBIDIUM SULCATUM
STROMBIDIUM TYPICUM
TINTINNUS TUBULUSUS

NOPL

77-7



SALD

AELZ
AELYZ
ALL!Z
AbLZ
AtLZ
AELZ
AtLZ
AtLZ
AbL!Z
AtLZ
AtLZ
AELZ
AtLZ
Akl Z
AbLZ
AELZ
AtLZ
AELZ
AELZ

AEMY
At 1B
AtMB
At Mb
AL M
AEMB
Atrb
ALMB
AbLMY
AEMb
Atmb
AtMp
ALMHS

b Gt pmt Pue St b fme PO S fue Jme Bt pue e e e e e

Gt Pt s b pus fmh Je Db (S pma g PES e

§ -

ANNVNRKRNVNVNVANMN RN

N VIV U U

DAILE

Bvouwdlsy
d9U475S
TR A
¥9ud 7S
A9INd47s5
dyudls
VEDLY A
d9v4dlsy
BIvarsS
49475
a9ou4gly
"EUL YA
nond iy
d9v475
A9y 75
Ba9ud47s
wovaTs
DILdTS
nouvdI1s

vw9v4d 7S
a9d0475
BIV4LTS
a9v4 75
d90475
d9ny /5
A9Y04 75
J94Y4 78
vW9udi1y
8904 7s
LT LN A
a9u4171s
v9ud s

TIME

1345
1345
1345
1345
1345
1345
1345
1345
1345
1345
1345
1345
1345
1345
1345
1345
1345
1345
1345

1345
1345
1345
1345
1345
1345
1345
1545
1345
1345
1345
1345
1345

10
14
19
) %)
14
10
10
1 4
19
1
10
14
v
14
10
14
19
10
10

bt et e et Smn e s e Smt s b G e

l

s G pmt eh Gt Sus e e Pt fue Gus Smt e

SPCV

1490
1115
1125
1160
1185
2235
1365
1385
L1
24a5
2u1s
2420
2425
243
1459
1455
15240
155v
1555

185
1899
1115
1125
116V
2235
1310
1330
1365
24u¥
2495
2u1h
242u

SPECIES NAME

CODUNELLOPSIS AMERICANA
DADAYIELLA GANYMEDES
DADAYIELLA PACHYTUECUS
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LOMMANTIELLA
SALPINGELLA
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TYPICUM
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ACUMINATA
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SCALAROIDES

CODONELLOPSIS AMERICANA
DADAYJELLA GANYMEDES
DADAYIELLA PACHYTUECUS
EPIPLOCYCLOIDES ACUTA

LOHMANIELLA

OVIHORMIS

PSEUDUMETACYLIS ORNATA
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12
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SACL S T VAIE TImMe Z SPCOD SPECIES NAME NOPL
AEMB 1 2 990475 1345 11 2425 STRUMBIDIUM SULCATUM 92
AEMB 1 2 499475 1345 11 2438 STROMBIDIUM TYPICUM 4
AEMB 1 2 J9V47S 1345 1) 1450 TINTINNIDIUM INCERTUM 28
AEMB 3 2 V9IV4TY 1345 11 1455 TINTINNOPSIS ACUMINATA 4
AEMB 1 2 V9UUTS 1345 11 1520 TINTINNUPSIS MINUTA 44
AEMB 1 2 090475 134S 11 1550 TINTINNOPSIS TOCANTINENSIS 28
AEMB 1 2 A90Vd75 1345 11 15995 TINTINNOPSIS TUBULOSA 12
AEMB 1 2 099475 1345 11 1560 TINTINNUS TUBULOSUS 4
ALPE 2 @ W9¥S575 143v 1w 4130 DICTYUCORYNE PROFUNDA 4
AEPE 2 2 ¥90579 14380 10 1185 EUTINTINNUS LASUS=UNDAE 4
ALPE 2 @ ¥9U575 1430 1V 4255 NEPHKOSPYRIS DOCRIS 4
AEPE 2 2 A99S75 1430 10 1330 RHAHDONELLA BRANDIT] 4
AEPE 2 2 V99975 1439 19 2405 STROMBIDIUM CONICUM 16
AEFE 2 2 09¥575 1438 1y 2415 STROMBIDIUM OVALE 4
AEPE 2 2 ©¥94575 1434 1 2424 STRUMBIDIUM STRUBILUS 4
AEPE ¢ 2 ©¥94575 1439 19 2429 STRUMBIDIUM SULCATUM 16
AEPG ¢ 2 B9v9T7S 1430 295 1160 EPIPLOCYCLOIDES ACUTA 8
ALPG 2 2 V99575 1430 25 133V RHABDUNELLA BRANDTI 4
AEPG 2 2 Q99575 1439 25 2420 STRUMBIDIUM STRUBILUS 12
ALPG 2 @ V99575 1430 25 2425 STRUMBIDIUM SULCATUM 4
AESC 3 2 990675 1652 1 3210 GLOBIGERINA PACHYUDERMA 8
AELSC 3 2 099675 1652 10 1365 PROTUKHABDUNELLA CURIA 4
AESC 3 ¢ ¥90675% 1652 1V 24¥S STRUMBIDIUM CONICUM 4
AESC 3 2 V9V675 1652 1Y 2425 STRUMBIDIUM SULCATUM 4
ALSE 3 2 V9w6elS 1652 29 1186 EUTINTINNUS APERITUS 4
AESE 3 2 391675 165952 29 22395 LOHMANIELLA OVIFURMIS 4
AESE 8 2 09v67YH 1652 29 1305 PRUOTUKHABDUNELLA CURTA 4
AESE 3 2 A90ub7S5 1652 29 2425 STRUMBIDIUM SULCATUM 12
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APPENDIX A

TABLE 2

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

Explanation of Table:

SACD = Sample Code
S = Station
T = Transect
Date = Date
Time = Time of Sampling
Z = Depth of Sample
SPCD = Species Code
NOPL = Number of Organisms/% ‘
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ba2velo
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b2uelo
aevele
o2uwele

o2uvele
v2ulle
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a2vdie
vev2ie
a2v2i7e6
v2wile

bevl7e
bwevlle
venl/o
42vite6
a2ulilé
nevile
vevile
42vlie

v2ulie

TIME

1750
17306
1730

1734
1730
1730
1730
1730

1219
1214
1210
1219
1214

1214
1210
121v
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1214
1210

1755
1755
1755
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2425
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2235
24v0
2495
2415
2425
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1185
1265
1355
245
2415
2424
2425
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STROMBIDIUM

SPECIES NAME

CUNICUM
STRUBILUS

TINTINNUS TUBULOSUS

EUPLUTES SEXCUSTATUS

STRUMBIDIUM
STRUMBIDIUM
STROMBIDIUM
STROMBILIUM

LUHMANIELLA
STRUMBIDIUM
STRUOMBIDIUM
STRUMBIDIUM
STROMB]IDIUM

GLUBIGERINA
LUOHMANTIELLA
STRUMBIDJUM
STRUMBIDIUM
STROMBIDIUM
STROMBID UM
STROMHIDIUM

EUTINTINNUS

CALKINSI
CONICUM
STRUBILUS
SULCATUM

OVIFURMIS
CONICUM
OVALE
STRUBILUS
SULCATUM

PACHYDERMA
OVIFURMIS
CALKINS]
CONICUM
UVALE
SULCATUM
TYPICUM

LASUS=UNDAE

ORMOSELLA BRESSLAUL
SALPINGACANTHA UNDATA

STROMBIDIUM
STRUMBIDIUM
STROMBIDIUM
STRUMBIDIUM

CONICUM °
OVALE
STROBILUS
SULCATUM

XYSTUNELLA TREFORTI]

AMPHUKRIDES WUADRILINEATA

NOPL

soosssres®
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Q77



SACD

AGnM
AbnwM
AbGnM
AGWM
AGwM

AJLL
AJLL
AJLL
AJLL
AJLL
AJLL
AJLL
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AJLJ
AJLJ
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bilsie
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bvil87e
vilbleé
V31876
w3l8lo
Wils76
uslsle
nitsie
w3l87e
vild7e

w3lvle
431976
witvle
Vit9i7e6
v3l9/e6
431976
B3197e6
nwitvle
A319/76

FIME

1840
1849
1800
18vy
18uv4

1140
1149
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1144
1140
1149

1144
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1140
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J149
1140
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05
vS
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45
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10
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14
i
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10
10
1v
10
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14
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14
1v
14
id
14

SPCL

1185
2uus
2415
2424
2425

1385
2395
2499
242y
2425
1450
1560

355
1344
2395
2445
2429
2425
2434
1459
1565
1564

2235
1305
2395
24v49
2495
24195
2424
2uz2Yy
1590

EUTINTINNUS
STRUMBIDIUM
STROMBJD1UM
STROMBIDJUM
STRUMBIDIUM

SPECIES NAME

LASUS=UNDAE
CONICUM
UVALE
STROBILUS
SULCATUM

STENUSEMELLA VENTRICOUSA

STROMBIDIUM
SIKUMBID1IUM
STRUMBID1IUM
STRUMBID]IUM

ACUMINATUM
CALKINSI
STROBILUS
SULCATUM

TINTINNIDIUM INCERTUM
TINTINNUS TUBULUSUS

HUOLIVINA STRIATULA
PROFLECTELLA SUBCAUDATA

STROMBIDIUM
STRUMBIDIUM
STRUMBIDIUM
STRUMBIDIUM
STROMBIDIUM

ACUMINATUM
CONICUM
STKROBILUS
SULCATUM
TYPiCumM

TINTINNIDIUM INCERTUM
TINTINNOPSIS LEVIGATA
TINTINNUS TUBULOSUS

LOHMANIELLA

OVIFORMIS

PRUTURHABDOUNELLA CURTA

STROMBIDIUM
STROMBIDIUM
STRUMBIDIUM
STROMBIDIUM
SIROMBIDIUM
STROMBLVIUM

ACUMINATUM
CALKINSI
CONICUM
OVALE
STRUBILUS
SULCATUM

XYSTUNELLA TREFORTI

NOPL

n

n
oSS esEe s Scoco®

—

— n
ceNvEeESEDES S

L2-2



SALD 5 1 DAIE TIME Z SPCO SPECIEYS NAME NUPL
AJNL 2 2 V31976 082V 14 4ukdS ACANTHUSTARUS PURPURASCENS 4
AdJinl ¢ 2 431976 Q820 14 1085 CLIMACUCYLIS SCALARUIVES 4
AJil 2 2 31976 v82¥ 14 1185 EUTINTINNUS LASUS=UNDAE q
AJNL 2 2 831976 vB82Y 14 2235 LOHMANIELLA UVIFURMIS 4
Adn) ¢ 2 031976 VB2Y 14 130V PROPLECTELLA SUBCAUDATA 4
AJHL 2 2 U31976 828 14 §1305 PROTORHABDONELLA CURTA 4
AJNL 2 2 831976 W82V 14 24¥¥ STROMBIDIUM CALKINSI 8
AJNT 2 2 831976 v82W 14 2405 STRUMBIDIUM CUNICUM 32
AJN]L 2 2 Vs1Y70 ¥B2Y 14 2415 STRUMBIDIUM OVALE 16
AJn] 2 2 V31976 VB2Y 14 2420 STRUMBIDIUM STRUBILUS 28
AJN] 2 2 131976 dbB2¥ 14 2425 STRUMBIDIUM SULCATUM 36
AJNL 2 2 ¥31976 V82Y 14 2430 STROMUBIDIUM TYPICUM 4
Adwl 2 2 431976 4820 14 1555 TINIINNUPSIS TUBULUSA 4
AJN] 2 2 ¥U31976 V82U 14 1598 XYSTONELLA TREFORTI 4
AJPK 3 2 431976 1534 14 1645 AMPHORIDES QUADRILINEATA 4
AJPK 3 2 1031976 1530 14 1185 EUTINTINNUS LASUS~UNDAE 8
AJPK 3 2 831976 1530 1Iv 3210 GLOBIGERINA PACHYDERMA 4
AJPR 3 2 V31976 15348 1 2235 LOHMANIELLA UVIFURMIS 4
AJPK 3 2 V31976 1534 10 240U5S STRUMBIDIUM CONICUM i6
AJPK 3 2 431976 1534 1V 2415 STRUMBIDIUM UVALE 2
AJPK 3 2 0831976 1531 14 2428 STRUMBIDIUM STRUBILUS 8
AJPK 3 2 031976 1538 14 2425 STROMBIDIUM SULCATUM 48
AJPM 3 2 831976 1539 1S 1085 CLIMACUCYLIS SCALAROIDES 4
AJPM 3 2 v31976 1534 15 1355 SALPINGACANTHA UNDATA 4
AJPM $ 2 331976 1536 15 24¥Y STRUMBIDIUM CALKINSI 4
AdPM 3 2 V31976 1534 15 2405 STRUMBIDIUM CONICUM 8
AJPM 3 2 831976 1534 1S 2415 STROMBIDIUM OVALE 8
AJPM 3 2 031976 1539 15 2420 STRUMBIDIUM STROBILUS 4
AJPM 3§ 2 ©U31976 1530 15 2425 STROMBIDIUM SULCATUM 36
AKEK 1 2 B4v2T70 1219 46 5178 EUPLOTES MINUTA 16
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1v
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v
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14
1
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1y
10

SprCL

2235
1385
2499
2495
24zuv
2425
LEY
1450

5170
2239
1385
2400
245
242
2425
2431
1450
1569

2235
2409
2445
242y
2425
2430
145¢

22395
1385
2490
2405
2415
2420

LOHMANTIELLA

SPECIES NAME

OVIFURMIS

STENUSEMELLA VENTRICOSA

STROMBIDIUM
STROMBIDIUM
STROMBIDIUM
STROMBID1UM
STRUMBIVDIUM

CALKINSI
CONICUM
STRUBILUS
SULCATUM
TYPICUM

TINTINNIDIUM INCERTUM

EUPLUTES MINUTA

LOHMANIELLA

OVIFORM]1S

STENUSEMELLA VENTRICOSA

STRUMBIDIUM
STRUMB]1D1UM
STROMBID]IUM
SIRUOMBIDIUM
STRUMBIDIUM

CALKINS]
CONJCUM
STRUBILUS
SULCATUM
TYPICUM

TINTINNIDIUM INCERTUM
TINTINNUS TUBULOSUS

LOHMANIELLA
SIRUMBIDIUM
STRUMBID JUM
STROMBIDIUM
STROMBID]IUM
STRUMBIDIUM

UVIFORMIS
CALKINS]
CONICUM
STRUBILUS
SULCATUM
TYPICUM

TINTINNIDIUM INCERTUM

LOHMANIELLA

-

OVIFURMIS

STENUSEMELLA VENTRICUSA

STROMBIDIUM
STRUMBIDIUM
STRUMBIDIUM
STRUMBIDIUM

CALKINS]
CONICUM
OVALE
STRUBILUS

NOPL
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a4vdile
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Bawiie
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o4v376
d490376

bouwilo
464376
d603876
wouijleé
vouviile6
hwowville
v6udle

wobidie
noeuvlle
seuvi76

TIME

waes
wses

1629
1620
1620
1624
1629
1620
1620
1629

1635
16135
1635
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1635
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1124
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2430

4pev
5179
1355
2415
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242y
2425
2439

1115
1185
2235
1305
439¢
2405
2415
242v
2425
€565

1185
1385
2404
24us
2415
2uz2d
2425

1090
1185
2235

SPECIES NAME

STRUMBIDIUM SULCATUM
STRUMBIDIUM TYPICUM

ACRUBUTRYS 8P,
EUPLUOTES MINUTA
SALPINGACANTHA UNDATA
SIRUMBIDIUM CUNICUM
STRUMBILIUM OVALE
STROMBIDIUM STRUBILUS
STROMBIDIUM SULCATUM
STRUMBIDIUM TYPICUM

DADAYIELLA GANYMEDES
ELUIINTINNUS LASUS=UNDAE
LOHMANIELLA UVIFORMIS
PRUTURHABDONELLA CURTA
STICHULUNCHE ZANCLEA
STROMBIDIUM CONICUM
STROMBIDIUM OVALE
STROMBIDIUM STROBILUS
STRUMBIDIUM SULCATUM
TUNTONIA GRACILLIMA

EUTINTINNUS LASUS=UNDAE
STENUSEMELLA VENTRICUSA
STRUMBIDIUM CALKINSI
STRUMBIDIUM CONICUM
STRUMBIDIUM UVALE N
STRUOMBIDIUM STRUBILUS
STRUOMBIDIUM SULCATUM

CODUNELLOPSIS AMEKICANA
EUTINTINNUS LASUS=UNDAE
LUHMANIELLA OVIFURMIS

NOPL
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novidie
dbwille
bovile
d6ni7e6
Bevile

46u576
B6VS576
v6Uvs 76
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hensle
weus 76

dous7e6
Bousble
veud /6
d6uh76
veunsle
wb6vsb76
a6US] b6
goub76

newo6l6
Wevole
wouvobT7o6
vouvwo7e6
pevele
Nebelo
w6l le
vevolé6

bouweoele
pevele
9600676

TIME

112¢
1129
112v¢
1129
112v

¥925
¥925
v925
h925
v9295
u9es

0925
vw9I2s
n92s
vw9es
¥92s
v92s
V928
V925

v92s
V92s
Bw92s
n92s
u9es
¥v92s
v92s
u92s

¥woz2s
w925
noas

1
14
19
19
1y

ia
18
10
10
19
10

2y
2y
24
2y
2y
29
2d
2v

14
19
14
19
1y
10
10
10

21
21
2l

SPCL

- ap > >

1385
2495
2429
2425

1480

1355
2445
2424
2425
2439
1585

1115
2235
2449
2445
2429
242y
2439
1585

3215
2235
2495
2415
eu2u
2425
2430
1560

1185
1305
1384

SPECIES NAME

STENOSEMELLA VENTRICOSA
STRUMBIDIUM CUNICUM
STRUMBIDIUM STKROUBILUS
STROMBIDIUM SULCATUM
TINTINNUPSIS DADAYI

SALPINGACANTHA UNUATA
STRUMBIDIUM CONICUM
STRUMBIOIUM STROBILUS
STRUOMBIDIUM SULCATUM
STROMBIVDIUM TYPICUM
UNDELLA HYALINA

DADAYIELLA GANYMEDES
LUHMAN]ELLA OVIFORMIS
STROMBIDIUM CALKINSI
STROMBIDIUM CONICUM
STRUMBIDIUM STROBILUS
STROMBIDIUM SULCATUM
STRUMBIDIUM TYPICUM
UNDELLA HYALINA

HASTIGERINA PELAGICA
LOHMANIELLA OVIFURMIS
STROMBIDIUM CONICUM
STRUMBIDIUM OVALE
STRUMBIDIUM STRUBILUS
STRUMBIDIUM SULCATUM
STRUMBIDIUM TYPICUM
TINTINNUS TUBULOSUS

EUTINTINNUS LASUS=UNDAE
PROTORHABDUNELLA CURTA
STEENSTRUPIELLA GRACILIS

NOPL

36
20
2v
16
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ALFE
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Aubk
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vlluvje
wllvle
v71U76
o71v76

wllvle
v71v76
wllai6
w71v7e6
viivle
bv7l1vle6
a71v76

o/11le
vltlle

wilttze
witl176

I IME

w92H
v92s
v92s
vw9I2H

1244
12v9
121¢
1214
12u4
12v9

1299
1244
1200
1204
1200
1200
1204
1204
1200

1855
1855
1855
1855
1855
1855
1855

1534
1534

1534
1534

21
21
el
el

49
v
g9
09
09
vy

19
14
10
14
10
in
10
14
19

15
10
10
14
19
19
19

10
2y

29
2o

SPCD

2495
2415
242y
2425

1845
24¥5
2415
aueu
2425
1560

1185
2235
L
2415
2420
2425
243v
5435
1560

2235
2485
2415
242w
2425
1569

1515
1045

2235
1385

STRUMBID]IUM
STROMBIDIUM
STRUMBIDIUM
STROMBIDIUM

SPECIES NAME

CONICUM
OVALE
STROBILUS
SULCATUM

AMPHUORIDES GQUADRILINEATA

STROMBIDIUM
STRUMBIDIUM
STRUMBIDIUM
STROMBIDJIUM

CUNICUM
OVALE
STRUBILUS
SULCATUM

TINTINNUS TUBULUSUS

EUTINTINNUS
LOHMANIELLA
STROMBIDIUM
STRUMBIDIUM
STRUMBIOIUM
STROMBID]IUM
STRUMBIDIUM

LASUS=UNDAE
OVIFORMIS
CONICUM
OVALE
STRUBILUS
SULCATUM
TYPICUM

TIARINA FUCUS
TINTINNUS TUBULOSUS

NO PROTOZOA
LOHMANIELLA
STRUMBIDIUM
STRUMBIDIUM
STROMBIDIUM
STRUMBIDIUM

OBSERVED
OVIFURM]S
CONICUM
UVALE
STROBILUS
SULCATUM

TINTINNUS TUBULUSUS °

TINTINNOPSIS LOBIANCO]

AMPHURIDES GQUAVDRILINEATA

LOHMANIELLA

OVIFORMIS

STENUSEMELLA VENIRICUSA

NOPL
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APDH
APDLH
APOLH
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APDH
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APUH
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vBlvTe
velvieo
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481076

weluile.

wg1vle

TIME

1530
1530
1530

1529
1520
1529
152v
1524
1524
1524
1529

1524
1520
1529
1520
1524
1524
1520
1520
1524
1520
1520
1529

w835
w835
we3s5
w8 3s

v8i5
uwaiss
nels

2y
2v
2y

10
10
14
10
14
10
10
v

18
18
18
18
18
18
18
18
18
18
18
16

10
19
10
14

41
41
41

SPCL

2415
242v
2425

31055
1355
1385
2415
2429
2425
243v
2565

1445
3485
f1u8s
1160
1185
2235
2405
2415
2429
2425
5435
1564

1305
2444
auco
2425
1185

4255
24e2v

SPECIES NAME

STROMBIDIUM OVALE
STROMBIDIUM STROBILUS
STROMBIDIUM SULCATUM

BOLIVINA STRIATULA
SALPINGACANTHA UNDATA
STENUSEMELLA VENIRICUSA
STROMBIDIUM OVALE
STRUMBIDIUM STRUBILUS
STROMBIDIUM SULCATUM
STROMBIDIUM TYPICUM
TONTONTIA GRACILLIMA

AMPHORIDES QUADRILINEATA
BOLIVINA STRIATULA
CLIMACUCYLIS SCALAROIDES
EPIPLUOCYCLOIDES ACUTA
EUTINTINNUS LASUS=UNDAE
LOHMANIELLA OVI1FURMIS
STRUMBIDIUM CONICUM
STROMBIDIUM OVALE N
STRUMBIDIUM STROBILUS
STRUMBIDIUM SULCATUM
TIARINA FUCUS

TINTINNUS TUBULOSUS

PRUOTURHABUDONELLA CURTA
STRUMBIDIUM CALKINST
STRUMBIDIUM STROBILUS
STRUMBIDIUM SULCATUM

EUTINTINNUS LASUS=UNDAE
NEPHRUSPYRIS DOCRIS
STROMBIDIUM STRUBILUS

NOPL
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SALY

APLY
APLY

APGL
APG L
APGI
AbPul

APGRK
APGHR
APGLK

AUGA
AWGA

AuF Y

AUHK
ALHK
AUHK
AUHK

AWHM
AWHM
AGIHM
AWHM
AWHM
AWHM
AUHM

Auly
Adlw
AUlw
AULlNW

(AP o V]

(VR VN VR V)

—t

[ S, ¥

RN

N

NN N

[ACI PO, E

DAIL

b8Lvie6
aBlui76

v81v7o
08lu]é6
vd1vie
d8lvje

velLv76
osluvie
ne1uTe

RALURE
votuvleo

volvTe
woldie
nwILa76
w91476
091476

n9t4a76

n9147e6.

vIt476
wo1d7e
U9ld7e6
v91476
w1476

491476
w9476
v9l4a/6
091476

1IME

¥835
ve3sS

1805
1845
1845
1805

1805
1805
1845

161¢
1610

1619

1555
1555
1555
1555

1555
1555
1555
1555
1555
1555
1555

8925
¥u92s
¥9295
¥925

41
41

1
19
14
19

26
26
26

Jdb
ve

16

19
10
14
14

31
31
31
31
31
31
31

35
14
10
16

SPCV

2425
1569

24vY
24nsS
2424
2425

4048
1185
2235

1470
1490

1290

1185
24vs
242y
24z2>

1169
1185
2235
249
24v5
2424
2425

24ud
2429
2425

STROMBIOIUM

SPECIES NAME

SULCATUM

TINTINNUS TUBULOSUS

STROMBIDIUM
STRUMBIDIUM
STROMBIDIUM
STROMBILIUM

ANTHUCYRTIDIUM OPHIRENSE

EUTINTINNUS
LOHMANIELLA

CALKINSI
CUNICUM
STRUBILUS
SULCATUM

LASUS=UNDAE
OVIFORMIS

TINTINNOPSIS CUOMPRESSA
TINTINNUPSIS FENNICA

PROPLECTELLA CLAPAREDE]

EUTINTINNUS
STROMBID]IUM
STRUMBIDIUM
STRUMBIDIUM

LASUS=UNDAE
CONICUM
STRUBILUS
SULCATUM

EPIPLOCYCLOIDES ACUTA

EUTINTINNUS
LOHMANIELLA
STRUMBIDIUM
STROMBIVIUM
STROMBIDIUM
STRUMBIDIUM

NO PRUTOZOA
STROMBIDL UM
STRUMBIDIUM
STRUMBIDIUM

LASUS=UNDAE
OVIFURMIS
CALKINSI
CONICUM
§TRUBILUS
SULCATUM

OBSERVED
CONICUM
STROBILUS
SULLCATUM

NOPL

hC =7



SACL

AUTw

AUTP
AUlP
AUIP

AUVF
AUVD
AuvD

AUNR
Aunwl

AvuYy
AVOW
AVSS
AVS4
AVSH

AvVur
AvUl

ALXE
ALXE
ALXE
ALXE
AZAE
ALxat
ALXE
ALXE
ALXE
ALXE

ALRF
AZ X}
ALXF
ALXF
ALXE
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DAILE

111976

L1i1lvle
111976
t1lv7e

11v976
119976
1199176

Linyie
tlu9ie

tevile
128i1706
1242170
120276
128276

1202176
1202176

t1107e
111476
11i076
1118706
111476
11lvl6
t11876
11tv/e6
111076
111476

f1ivle
11176
11176
14lvi/6
1114706

1 IME

1210

1219
1219
1218

Bwi4o
8740
vlde

15308
1530

1228
1220
1724
1729
1729

1145
11as

1149
1104
1149
11vd
1100
1 vy
1tva
1144
110
1199

1140
1100
11v9
1148
1144

SPCO

242y

2235
24vS
2425

2445
242v

2425

2425

24145
24.2¥

2235

1945
223Y
5245
1385
24y
24unsy
2424
24es
2430
14995

3455
9159
223%
2400
2445

SPECIES NAME

STRUMBIVUIUM SULCAITUM

LOHMANIELLA OVIFURMIS
STROMBIDIUM CONICUM
STROMBIDIUM SULCATUM

NO PRUTOZOA UBSERVED
STRUMBIDIUM CUNICUM
STRUMBIDIUM STRUBLILUS

STRUMBIVIUM SULCATUM
STRUMBIOIUM SULCATUM

NU PRUTOZUA UBSERVED
NO PRUTUZOA UBSERVED
NU PROTUZUA OBSERVED
STRUMBJOIUM CUNICUM
STRUMBIDIUM STRUBILUS

NU PRUTOZOA UBSERVEL
LOHMANIELLA OVIFURMIS

AMPHURIDES WUADRILINEATA
LOHMANIELLA OVIFURMIS
MESUDINIUM RUBRUM
STENUSEMELLA VENIRICUSA
STRUMBIDIUM CALKINS]
STROMBIDIUM CUNJLUM
STRUMBIDIUM STROBILUS
STRUMBIDIUM SULCATUM
STRUMBIOLIUM TYPICUM
TINTINNOPSES ACUMINATA

BULIVINA STRIAJULA
EPHELOTA GEMINARIA
LOHMANTELLA UVIFURM]IS N
STRUMBIDIUM CALKINSI
STRUMBIL UM CUNICUM

NOPL
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ALXF
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ALXF
AZXF
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AZXH
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AlXi
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AZX1
AZX]
AZX1
AdX1]
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VATE

111076
111476
f1lvle
111476
111476

111076
11106
111076
111076
111076
111076
1114076
111076
111076
111076

111976
111v/76
111076
111076
111476
111076
111076
111476
111876

110976
110976
114976
11v976
110976
110976
116976

TIME

1108
1104
1100
1109
110Y

Wouy
LY
vouvd
vweuy
Bouvy
“ouo
oY
weuy
ybuwy
veuvy

weuuy
veuy
oV
Bowy
d60
o4y
d6u4d
voevy
w6uY

1335
1335
1335
1335
1335
1335
1535

11
it
11
11
11

1
vl
vl
g1
vl
vl
vl
ui
vl
¥l

17
17
17
17
17
117
17

17

vl
01
vl
vl
a1
a1
41

SPCL

2424
2425
243v
5449
2565

1090
2235
1385
2395
249
2445
2415
242y
2425
243v

3u55
3215
4231
2235
24ny
2405
2424
2425
243y

4400
3060
223b
1280
24psS
242y
2425

STROMBIDIUM
STROMBIDIUM
STROMBIDIUM

SPECIES NAME

STROBILUS
SULCATUM
TYPICUM

TIARINA FUSUS
TONTUNIA GRACILLIMA

COLDUNELLOPSIS AMERICANA

LOHMANIELLA

OVIFORMIS

STENUSEMELLA VENTRICOSA

STROMBIDIUM
STROMBIDIUM
STROMBIDIUM
SIROMBIDIUM
STROMBIDIUM
STROMBIDIUM
STRUMBIDIUM

ACUMINATUM
CALKINSI
CONICUM
OVALE
STROBILUS
SULCATUM
TYPICUM

BOLIVINA STRIATULA

HASTIGERINA

PELAGICA

LLVHOMELLISA SET0SA

LOHMAN]IELLA
STROMBIDIUM
STRUMBIOIUM
STROMBIDIUM
STRUMBIDIUM
STROMBIDIUM

OVIFORMIS
CALKINSI
CONICUM
STROBILUS
SULCATUM
TYPICUM

ACANTHOSTARUS PALLIDUS
BUCELLA FRIGIDA

LUHMANIELLA

OV1FORMIS

PARUNDELLA DIFICILIS

STROMBIDIUM
STROMBIDIUM
STRUMBIDIUM

CONICUM
STROUBILUS
SULCATUM

NOPL

60
476
44
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SACL 8§ 1T DLATE TIME 2 SPCOL SPECIES NAME NOPL
Adxl 3 2 110976 1335 081 2439 STRUMBIDIUM TYPICUM 12
AZXT 3 2 110976 1335 01 1479 TINTINNOPSIS COMPRESSA 4
AZXL 35 2 110976 1335 41 1485 TINTINNOPSIS DIRECIA 4
AZXJ 3 2 110976 1335 17 4230 LITHUMELLISA SETOSA 4
AZXJ 3 2 114976 1335 17 2235 LOHMANIELLA OVIFORMIS 36
ALXJ 3 2 118976 1335 17 1355 SALPINGACANTHA UNDATA 4
ALXJ 3 2 110976 1345 17 1360 SALPINGELLA ACUMINATA 4
ALXJ 3 2 110976 1335 17 244V STRUMBIDIUM CALKINSI 8
ALXJ 3 2 110976 1335 17 24¥S STROMBIDIUM CONICUM 16
ALXJd 3 2 110976 1335 17 2420 STRUMBIDIUM STROBILUS 12
ALXJd 5 2 118976 1335 17 2425 STRUOMBIDIUM SULCATUM 132
ALXxJ 3 2 110976 1335 17 2430 STRUMBIVDIUM TYPICUM 8
ALXJ 3 ¢ 11v976 1335 17 S435 TIARINA FUCUS 4
ALXK 1 2 12v176 1244 B1 S155 EPHELOTA GEMINARIA 20
ALXK 1 2 120176 1244 A1 2235 LOHMANIELLA OVIFORMIS 68
RZXK 1 2 1241/6 12¥0v 41 S245 MESODINIUM RUBRUM 12
AZXK | 2 124176 1200 U1 1385 STENUSEMELLA VENTRICOSA . 104
AZXK 1 2 12v176 1200 ¥l 2395 STRUMBIDIUM ACUMINATUM 8
ALXK 1 2 124176 12080 41 24V¥ STROMBIDIUM CALKINSI 88
ALXK | 2 120176 12048 U1 2405 STRUMBIDIUM CONICUM 112
ALXK 1 2 120176 1200 U1 242¥ STROMBIDIUM STRUBILUS 48
AZXK 1 2 12¥176 1200 Jd) 2425 STROMBIDIUM SULCATUM . 260
AZXK 1 2 124176 1200 vl 2438 STRUMBIDIUM TYPICUM 132
ALXK 1 2 120176 31299 U1 S448 TIARINA FUSUS : 20
ALXK 1 2 126176 1200 4] 1450 TINTINNIDIUM INCERTUM 116
ALXK 1 2 120076 120V 1 1455 TINTINNOPSIS ACUMINATA 32
AZXK 1 2 120176 1260 ¥l 1478 TINTINNOPSIS COMPRESSA 24
ALXK 1 2 120176 1204 V1 1555 TINTINNOPSIS TUBULUSA 4
AZXK | 2 12V176 1244 Ut 1568 TINIINNUS TUBULUSUS 36
AZXKR 1 2 126176 1249 ¥1 2565 TONTUNIA GRACILLIMA 8
ALXK 1 2 120176 1200 W1 5165 EUGLYPHA LUEVIS 12



SACD

ALXL
ALXL
"ALZXL
AZXL
ALXL
ALXL
ALXL
AZXL
ALXL
ALXL
AZXL
AZxL

AZXM
AZXM
AZXM
AZXM
AZXM
AZXM
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AZXM
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AZXM
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AZXN
ALXiN
AZXN
AlXN
AZXN
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DATE

121176
1241176
124176
1291176
124176
120176
124176
124176
121706
124176
12v176
12176

12v2le6
1202176
120276
120276
1ev2ile
120276
12v276
120276
120276
126276
120216
120276
120276

120276
120276
120276
120276
120270
120276
120276

1 IME

1204
12v0
1240
1200
1244
1290
1244
12ve
1249
1294
1210
1249

1700
1700
1700
1704
17v9
1740
1700
1780
1700
1740
1740
1740
1704

1719
1700
1704
1749
1704
1740
1704

vy
Wy
vy
vy
vy
vy
uyq
44
vy
w4
vy
L]

vl
1
g1
yl
J1
1
a1
01
a1
vl
b1
41
ul

18
18
18
18
16
18
18

SPCL

5155
2235
5245
1385
2404
245
242
2425
2430
S44v
1450
1455

S35
5159
1185
423v
2235
Y24v
5245
24y
2495
2415
2421
24es
2439

5155
42349
2235
5240
5245
24v4
2485

SPECIES NAME

EPHELUTA GEMINARIA

LOHMANTIELLA

OVIFORMIS

MESUDINJUM RUBRUM
STENUSEMELLA VENTRICOSA

STRUMBIDIUM
STROMBIDIUM

CALKINSI
CUNICUM

STRUMBIDIUM STRUBILUS

STRUMBIDIUM

SULCATUM

STROMBIDIUM TYPICUM
TIARINA FUSUS
TINTINNIDIUM INCERTUM
TINTINNOPSIS ACUMINATA

AMPHISIA PERNIX
EPHELUTA GEMINARIA

EUTINTINNUS

LASUS=UNDAE

LITHUMELLISA SETUSA

LOHMANILELLA

OVIFURMIS

MESODINIUM PULEX
MESODINJUM RUBRUM

STRUMBIDIUM
STROMBIDIUM
STRUMBIDIUM
STROMBID]IUM
STROMBIDIUM
STROMBIDIUM

EPHELOTA GEMINARIA

CALKINSI
CONICUM
OVALE
STROBILUS
SULCATUM
TYPICUM

~

LITHUMELLISA SETUSA

LOHMANTELLA

OVIFORMLS

MESODINIUM PULEX
MESODINJUM RUBRUM

STRUMBID]IUM
STROMBIDIUM

CALKINSI
CUNICUM

NOPL

8v
124
16
116
180
220
28
429
116
36
176
12

104

oC=7
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ALXN
AZXN
ALXN
ALXN

AZX0
ALXO
ALXO
AZX0
AZXU
ALXO
AZX0
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AZXO
ALXV

ALXP
ALXP
ALXP
ALXP
ALXP
ALXP
AZXP
AZXP
AZXxP
ALXP
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DATE

1eneleé
1202176
1202176
1242176

128276
12ve7e
12v276
12v276
1242176
1242176
12¥276
1202176
120216
12ue2ie
12U<276

12v2/e6
12v¢276
124276
128276
124276
12u276
124276
12216
120276
12vdie
1202176

fImt

1700
1744
1700
17499

1034
1430
bl
1439
139
1430
1034
18350
1030
1439
1430

1830
1830
193
1030
1830
1939
19030
1039
1830
1¥3v
1030

18
18
18
18

a1
i
a1
01
al
o1
vl
a1
a1
01
N1

21
21
21
21
21
2l
2l
21
21
2l
el

SPCO

2415
242y
2425
2439

3095
1135
1190
2235
1344
24une
2445
2415
2428
2425
4589

1149
4224
2235
1355

1385

24v0
245
2415
24c2u
2425
1569

SPECIES NAME

STRUMBIDIUM OVALE
STROMBIDIUM STROBILUS
STROMBIDIUM SULCATUM
STROMBIDIUM TYPICUM

CONCHIDINIUM ARGIOPE
DICTYUCYSTA LATA
EUTINTINNUS TENUE
LOHMANIELLA OVIFURMIS
PROPLECTELLA SUBLAUDATA
STRUMBIDIUM CALK]INS]
STROMBIVIUM CONJCUM
STROMBI0DOIUM OVALE
STROMBIDIUM STRUBILUS
STROMBIDIUM SULCATUM
JRIPLACIACANTHA ABIETIHA

DICTYUCYSTA RETICULATA
HEXALONCHA PHILISUPHICA
LOHMANIELLA OVIFORMIS
SALPINGACANTHA UNDATA
STENUSEMELLA VENTRICOSA
STRUMHBIDIUM CALKINSI
STROMBIDIUM CONICUM
STROMBIDIUM UVALE A
STROMBIDIUM STROBILUS
STRUMBIDIUM SULCATUM
TINVINNUS TUBULOSUS

NOPL

64
16
164

N = [V}
s VENEES
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APPENDIX B

TABLE 1

STATISTICAL DATA FOR THE 1975 SAMPLES

Explanation of Table:

SACD = Sample Code -
S = Station
T = Transect
Date = Date
Time = Time of Sampling
Z = Depth of Sample
TPPL = Total Number of Protozoa/%
TTPL = Total Number of Tintinnids/%
TOPL = Total Number of Oligotrichs/% .
TFPL = Total Number of Foraminifera/%
TRPF = Total Number of Radiolaria+tAcantharia/%
TMPL = Total Number of Miscellaneous Protozoa/%
TPCT = Tintinnids as %Z 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/m®
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Explanation

SACD =
S =

T
Date
Time

TPPL
TTPL
TOPL
TFPL
TRPF
TMPL
TPCT
OPCT
MPCT

NSPS
SDI
TDWT

=S L

APPENDIX B

TABLE 2

STATISTICAL DATA FOR THE 1976 SAMPLES

of Table:

Sample Code
Station
Transect

Date

Time of Sampling
of Sample

Depth
Total
Total
Total
Total
Total
Total

Number
Number
Number
Number
Number
Number

of
of
of
of
of
of

Tintinnids as %

Oligotrichs as %Z of Total Protozoa

Miscellaneous Protozoa (including foraminifera, radiolaria,
and acantharia) as 7 of Total Protozoa

Number of Species/Sample

Shannon-Weiner Species Diversity Index

Total Dry Weight in mg/m’

Protozoa/%

Tintinnids/®

Oligotrichs/%

Foraminifera/% .
Radiolaria+Acantharia/%
Miscellaneous Protozoa/%

of Total Protozoa
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AGUG
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DATE

B20276
weuvare
a2¥2i6
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¥eulie
wevire
031876
831876
w3l1976
a319176
831976
831976
040276
puvlie
B4viile
a40376
A4v376
vuvize
v6vld7e
poui7e
neds576
peusS76
B6v676
vob676
N71v76
a71076
871876
B71076
ar71176
871176
Bev976
p80976
081476
p81U76

TIME

1730
1730
1219
1210
1755
1800
1140
1140
0829
naz2a
1530
1539
12190
12190
2825
aees
1620
1635
1124
1120
3925
w925
8925
¥v925s
120v
1209
1855
1855
1539
1538
1520
1520
4835
0835

4

v5
10
19
14
10
217
05
10
10
14
10
15
0o
10
ue
10
10
16
a7
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19
20
10
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v9
10
15
1¢
10
2uv
19
18
10
41

TPPL

40
32
294
328
49
56
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1v4
156
112
68
152
180
124
164
72
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68
104
190
120
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0
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CHAPTER THREE

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

Principal Investigator:

John H. Wormuth



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 specles groupings; comparisons of neuston
and zooplankton data were made; and plots of seasonal variation of
selected species means along Transect II were made.

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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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 in 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

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



RESULTS

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

In some 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
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 ta which-sources 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



TABLE 1

INDIVIDUAL DRY WEIGHTS AND ASH-FREE DRY WEIGHTS

Taxa Dry Weight/ Ash-Free Dry Weight/ B/A
Individual .. Individual yA
(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
males and females -034 (255) - 029 86
Ce“;;;g:—’g:idf‘g::z‘iz .021 (529) .021 100
Bl ollesss 055 (210 .
Nannocalanus minor .067 (507) .066 100
Temora stylifera v
males and females -047 (488) .038 81
Temora turbinata L071 (272) .033 47
fnomalocera omatd 437 (295) 422 97
Anomalocera ornata
females .554 (257) - -
Anomalocera ornata
Immatures 113 (194) .112 99
Labidocera aestiva .
males Spring 177' .083 (253) -082 99
Labidocera aestiva
males April '77' 103 (91) ‘ -094 92
Labidocera aestiva
females Spring '77' .102 (133) .078 76
Labidocera aestiva :
.100 (80) .088 88

females April '77'



Table 1 (cont.)

Taxa Dry Weight/
Individual
(mg)
A
‘Labidocera aestiva
Labidocera scotti .080 (254)
males

Labidocexa scotti
females Fall '77" .073 (112)

Labidocera scotti
females July '77' 11 (19)

Pontella meadii

males .133 (100)
Pontella meadii

females -214 (34)
Pontella .089 (35)

immatures
Chaetognaths L144 (221)
Fish Eggs .026 (310)

*
Number of individuals used

Ash-Free Dry Weight/
Individual
(mg)
B

.022
.066

-

.069

121

.210

.080

B/A
A

90

83

95

91

98

90



TABLE 2

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

Winter 1976 gms/lOOOm3 gms/lOOOm3
Transect 1 . :Transect IV
Station 1D "3.36 - Station 1D 8.18
N 3.8 IN b4.6b
2D o 16.21 2D 11.42
2N 9.55 2N 17.03
D .91 3D 4.74
3N 3.62 3N 42.12
gms/lOOOm3 March 1976 gms/lOOOm3
Transect II Transect II ’
Station 1D .81 Station 1D 3.50
IN 2.04 N 21.31
2D 12,57 . 2D - 1.95
2N . 7.14 2N 9.81
D 3,16 3D .45
3N 10.24 3N 20.01
3 3
v gms/1000m April 1976 gms /1000m
Transect III Transect I1 .
Station 1D .61 ~ Station 1D 7.15
IN 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 *



KEY TO TABLES 3 AND 4

*
p < .05

*k
p < .01

kkk
p < .001

kkkk
p < .0001

1
gms/1000 m®
mg /m®

3
°C



Source of
variation
Month
Station
Time

Month x
Station

Month x
Time

Station x
Time

TABLE 3

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

£ “
L E
o ]
'\:’2 5. } -2 \:t w0 [«%
Q QO =3 o § oo o c E
82 210 i b =8 - ®T
“ [F]S] Q- Ol | T L
Degrees of 'z e g1"° i s+ 8 ot
freedom & S & i 2 8
(8,16)  1.03 551 7.84 " 2.8 3.44° .83
(2,16)  2.33 .15 1.88 6.88  1.30 .07
* * ik *kk *
(1,16) 4.88 6.41 1.09 22.24 63.73. 6.53.
(16,16) 2.15 2.23 2.00 1.71 1.31 .92
(8,16) .64 1.67 .36 2.32 2.89° 1.4
(2,16) 1.82 .95 .20 2.05 .62 .23

Lucifer —

n
[a.0]
w

2.64
*
5.37

2.19

*
2.94

.54

Brachyran
megalops

1.18
.47
20.92

1.03
.49

1.20

kk%k

Brachyran
zoeas

2,36
ok
10.20

1.25
*
2.92

2.14

*

*k
53.297



Table 3 (Cont.) ' - | '

4] N
b © " 2
— o o
% 2 5 \ : L qE) \
Z | @ o . - 2 S
[1+] = [ - wniwn [V, 197, e} | & +
[ nd (5] < [¢)] e | Q|3 | s <
0 w] O | O o 2 « L Y k=
B e B B ;‘J als a8 ﬁ a «.‘E! =k P B
Q.o (&) o ol Ol & O] S O < [(+] | -
o — o <| E cle u < o|— < |3
Ewm [ < | S b (e | = §= 9 ol
Source of Degrees of S " - ~ = s 5 5 5
variation freedom n = O O 3 = L =
* *kk *% * Kk *kk * i *Kkk *k*k
Month (8,16) .88 3.88 7.51 4.09 6.60. 7.22 3.81 7.53 14.29
*k *& * XKk *k% ***
Station (2,16) .51 7.13 7.12 4.15 11.73 12.46 23.92 2.22 .2.00
) *kk *okk ek *okk * *kk *ekk *k
Time (1,16) 16.29 31.73 23.39 26.09 15.87 17.64 52.94 4.13 11.44
Month x K *k * *k
Station (16,16) A7 .79 1.28 | .75 3.58 2.46 3.39 1.62 1.15
Month (8,16)  1.43 .34 1.54 .66 1.27 3.43°  2.23 1.48 1.66
Station x 1) 16)  2.55 59 2.69 .59 .84 2.05 73577 2.30 .55

Time

01—t



Source of
variation
Month
Station
Time

Month x
‘Station

Month x
Time

Station x
Time

Degrees of
freedom

(8,16)
(2,16)
(1,16)

(16,16)

(8,16)

(2,16)

ornata males

Anomplocera —

* Kk
27.10

* *k
24.67

2.25

*hk
6.82 ..

.88

2,38

—

ornata females

Kok
36.89

Kkk
29.82

1.60

Table 3 (cont.)

L
2 8
© -
\ E B
(I ©
9 = ;.%
Ol
—]
Of 5=
E| O .
T
kkk *kk
64.83 12.92
*kk *kk
36.38  48.38
*k
2.73 9.06

* kk

Kok *k
11,02... 11.90 . 4.4]

1.28

1.26

2.35 1.78

.35 .39

*k
6.15

*kk

24.77 .

.02
1.85
.98

.78

bidocrea
aestiva females

Labidocrea.

immature

o N
o [le] o
—_— P e

*
*

*
2.84

.68

12

meadii males

Pontella —

*k

4.51

‘ *
5.12

3.38

1.59

1.37

1.17

Pontella =

meadii females

*k

K-
o
N

*ok
9.63
.51

1.78

.85

1.39

11-¢



&
© D
5 E
Source of Degrees of 55"'
variation freedom S
Month (8,16) 15.22° "
Station (2,16) 19.97
Time (1,16) 26.79 "
*
Honth X on  (16,16)  2.80
*k
flonth X (8,16)  4.67"
Station x

T (2,16)  2.27

~

villosa males

Eon

*
12.25

2.64
.05

2.09

1.39

.66

Table 3 (cont.)

villosa females

Pontellopsis -~

*
*

o—
. - o
o (34} s
O - o

1.64

2.36

.93

—

Sapphirina
Chaetognaths

2.18
1.40

*k
19.52.

1.22

1.02

.49

Fish eggs

*

2.78
*

5.54

*
. 1.65

1.71
.54

*
5.87

-

Tar
Labidocera
Scotti males

dok
5.07 . 4.42
2.23 1.51

.02 .22

.**

3.75 1.87
1.17 .69
1.08 3.63

*
*

4

tI-¢



TABLE 4

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

1)}
% 2
&d
é \ NI ' -g \ a
tiet 3 I I IS Y 2§ §a
[P ) 0wl N/ [=] 9] or{ o erd =10 - oo “ o
[o 1] o] ol RS Al O o Q M Nﬁ > 00 >
- o (1] X3) Q| Ul = | %] o O U4 L o S 0
o g olda D o Q = o U QOB 0 N
Source of Degrees of @ g o g g H gl @ o
variation freedom o o O = o 3 = m /M
Month (2,40)  1.28 5,07 21,210 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
* * *k% :
Station (2,40) 3.79 3.03 5.07 8.78 4.59* .06 1.57 3.52% 1.22
. kkk *
Time (1,40)  16.30 9.74" 2.16 56.81°" 103.11%*%24.61%** 11.76**  67.58*** 73.46***
Month x *
Transect  (0240) 3.21 1.19 2,44 .79 .82 1.46 S .53 2.21
Month x . K&k *
Station  (#»40)  1.56 2.05 7.87 1.61 2,33 2,27 3.39 .76 2.21
Month x :
Time (2,40)  3.21 1.19 1.67 .37 2,51 2.14 1.72 3.05 .58
'I‘ranséct b 4 (6,40) * k% :
Station R 1.17 .39 1.83 2.47 3.38 1.43 1.9 .85 1.07
Transect x * *kk k% * kkk
Time (3,40) .02 .26 .57 2.87 6.85  5.30 3.95 .91 4.98

Stati .
i T (2,40) 2,06 .72 .89 3.19 07 .72 1.16 2.19 2.72

CT=C



Table 4 (cont.)
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Source of Degrees of e o . g e & g 5
variation freedom 7] o (] &) (& =z B [
kk*%k :
Month (2,40)  16.51 1.46 116777 s5.60™  20.98*** 16.80%**  8.14*%%  45.85™**% 11.30%**
Transect (3,40)  2.02 1.55 2,25 .55 2.11 3.26" 1.66 1.12 5.79%%
_ * . * *kk ) *k
Station (2,40)  2.07 3.32 2.39 .89 3.38 2.80 15.89 5.21 6.90
kkk *
Time (1,40)  17.73°°F 73.56™% 57.00%™ 42.33%** 18.37™* 17.01™* 0.4 9.45™  12.62%**
Month x * * *
Transect (0240  1.25 1.67 2.83 1.87 .33 .40 '1.58 2.44 3.10
Month x k% * % *% *%
Station  (4:40) .28 1.11 1.11 1.79 57 2.75 3.06 4.24 5.65
M°“;?m§ (2,40)  1.82 .39 5.45% 2,13 .50 11 .84 2.34 1.09
Transect x *k
Seotion  (6,40) 1,52 1.06 3.39 .61 .63 1.16 .80 1.05 .38
C * *
fransect X (3,400 3.47 .73 3,08 46 .91 2.07 o1 6.277 o5
Station x k% ' *k

Time (2,40) .29 .61 6.14 1.84 2,28 2.33 | 7.85 <42 1.82

YI-¢



Source of
variation
Month
Transect
Station
Time

Month x
Transect

Month x
Station

Month x
Time

Transect x
Station

Transect x
Time

Station x
Time

Degrees of

freedom

*kk *kk *k
(2,40) 404.98 160.27 281.01

(3,40)
(2,40)
1,40)

(6,40)
(4,40)
(2,40)
(6,40)
(3,40)

(2,40)

ornata males

=
o

—

ornata females

.50 .31
kkk *k
15.85 11.76
. 54 .15
.50 .31
*kk kk
15,85 11.76
.54 .15
2,27 . 1.62
. 9% .43
‘65 .03

*

*

Table 4 (cont.)
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P
i o o
o o oy P
Q] & Mo
ol © (S]]
HEl ol o
o] | U
gl o oAl o
o] s
& R
* *kk
15.02
*kk
1.09 8.74
*kk kkk
8.24 39.83
: *
.28 6.25
1.09 '1.03

*k%k

%Kk
8.24 11.13

.28 5.25°"
1.37 2.11
1.21 2.46

.91 2.32

-

aestiva females

Labidocrea

6.57°"
xk
5.93
11447
.23

*

.49
*kk
7.07
3.33
.72
57

.81

Labidocrea
immature

13.907%* 11.73%**

1.39
.80
.09

1.07

1.83

2.86

.90

.21

.93

meadii males

1.00
5.38**
2.38

1.89

" 2.28

1.57

.31

.78

1.03

meadii females

Pontella

£~

~J

w
*

1.20
-7.22™*

cT-¢

2.34

1.25

1.93

.54

.53

.81



Source of
variation
Month
Transect
Station
Time

Month x
Transect

Month x
Station

Month x
Time

Transect X
Station

Transect x
Time

Station x
Time

Degrees of
freedom

(2,40)

- (3,40)

(2,40)
(1,40)

(6,40)
(4,40)
(2,40)
(6,40)
(3,40)

(2,40)

immature

Pontella

6.46

1.61
.65

6.19"

2.25

1,75

.94
42
<94

1,35

-

Pontellopsis
villosa males

21.70"**
1.33
4.55"

. 86

6.29°**

1.54
1.89
1,34

.35

Table 4 (cont.)

ellopsis é
llosa females

P

17.68™**
2.48
2,74
.17

4,85

.91
2,44

.75

.11

Chaetognaths

3.15
1.08
1. 79

16.10™*

.63

1.48

1.14

.39

2,64

Fish eggs

5.36™%

.76

5.64%%

* 3,78

.42
5.05™*

.50
2.12

.63

2.68

Tar

3.39%
5. 46%%

2.41
.58

1'83

1.13

.23

.64

*
3.70

2.56

scotti males

Labidocera —

8.58"**
.11
13.46***
.29

5.63° %

7.21

060

NnNT _~
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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

Nanmocalanus minor ' "~ .45 .20 -.18

Creseis acicula " .37 -.31 .16

Pontellopsis villosa .22 - 41 -.01
males ‘

Pontellopsis villosa .29 -.48 .03
females .
Creseis virgula .28 .17 ‘ .37
Labidocera immature .17 .07 .38
Labidocera scotti .32 -.03 41

males
Limacina trochiformis ‘ .65 -.10 -.05
Hyperiids . 80 .06 ' -.07
Brachyuran zoeas .74 .10 -.06
Lucifer faxoni .72 .05 .21
Centropages furcatus .65 10 .29

males
Centropages furcatus

Females .71 .15 .26
Brachyuran megalops ;58 -.20 -.33
Ostracods .70 -.06 -.32
Calanopia americana 49 .06 -.51

males
Calanopia americana ¥

females 62 .01 -, 49
Temora turbinata .30 .29 _:45

'Sapparﬁiné‘stellata 11 .24 -.22




‘"Taxa

. Anomolocera ornata
males

_Anomolocera ornata
females

Anomolocera ornata
immatures

Labidocera gestiva

males

Labidocera aestiva
females

Pontelia1gggdii
Males

Pontella meadii
females

Pontella imature

Fish eggs

Tgr
Stomatopod
Temora stvlifera

Chaetognaths

Portion of total variance

Cumulative variance
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" Table 5.

Factor 1

=e23

.31

e25

- =.07
-.11

.21

.21

Factor 2

.76

.74

‘Factor 3

-.47

-046

-.47

.59

.57

.41
-.05
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Figure 1. Annual Variation of Mean Day and Night Abundances (Indivi-
duals/1000 m®) Along Transect II for Limacina trochiformis.
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Figure 2. Annual Variation of Mean Day and Night Abundances (Indivi-
duals/1000 m?) Along Transect II for Hyperiidae.
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Figure 3. Annual Variation of Mean Day and Night Abundances (Indivi-
duals/1000 m?) Along Transect II for Lucifer faxoni.
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Figure 4. Annual Variation of Mean Day and Night Abundances (Indivi-
duals/1000 m®) Along Transect II for Brachyuran megalops.
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Figure 5. Annual Variation of Mean Day and Night Abundances (Indivi-
duals/1000 m®) Along Transect II for Ostracods.
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Figure 6. Annual Varlation of Mean Day and Night Abundances (Individuals/
1000 m?®) Along Transect II for Centropages furcatus males.
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Figure 7. Annual Variatlon of Mean Day and Night Abundances (Indlvi—
duals/1000 m?) Along Transect II for Nannocalanus minor.
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Figure 8. Annual Variation of Mean Day and Night Abundances (Individu-
als/1000 m®) Along Transect II for Temora stylifera.
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Figure 9. Annual Variation of Mean Day and Night Abundances (Indivi-
duals/1000 m®) Along Transect II for Temora turbinata.
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Figure 10. Annual Variation of Mean Day and Night Abundances (Individuals/
1000 m3) Along Transect II for Anomalocera ornata immature.
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Figure 11. Annual Variation of Mean Day and Night Abundances (Individuals/
1000 m®) Along Tranmsect II for Labidocera aestiva males.




3-30

104

DAY
NIGHT
Pontella meadir

3]
E
=
=
C
P
~
L
®
2
3
=
Z

JAN FEB MAR APR MAY JUN JUL AUG SEPOCT NOV DEC

1976

Figure 12. Annual Variation of Mean Day and Night Abundances (Indivi-
duals/1000 m®) Along Transect II for Pontella meadii males.
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Figure 13. Annual Variation of Mean Day and Night Abundances (Indivi-
duals/1000 m®) Along Transect II for Pontellameadii females.
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Figure 14. Annual Variation of Mean Day and Night Abundances (Iadividu-
als/1000 m®) Along Transect II for Pontellopsis villosq male
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Figure 15. Annual Variation of Mean Day and Night Abundances (Indivi-
duals/1000 m®) Along Transect II for Chaetognaths.




presented in Table 6.

DISCUSSION
Several things are obvious from these results while other things are
suggested, but should await comparison with 1977 data.
l. There is considerable variation in neuston catches. Different
sources of variation are responsible in different taxa.

a. A group of taxa with significant éiel 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 taxa.

d. Few taxa show significant transect variability. Graphs are
not available to illustrate these patterns (for the six out of 33 taxa).

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 exceptioms.

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

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



TABLE 6

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

NAFDH i c 70 s0/00
Neuston Dry Weight !  .95**** 27" -.08 .02 T Sk
1
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Temperature (T°)° 26

*
p < .05
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4
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.



LITERATURE CITED

Groover, R. D. (Editor) 1977. Environmental Studies, South Texas Quter
Continental Shelf, Biology and Chemistry. Final Report for 1976
submitted to the Bureau of Land Management, Washington, D.C., Contract
AA550-CT6-17.,

Harman, H. H. 1967. Modern factor analysis. Chicago. Univ. Chicago
Press. 474 pp.



CHAPTER FOUR

TRAVEL OF BENTHIC TAXONOMISTS
TO SMITHSONIAN INSTITUTE

Principal Investigator:
J. S. Holland
Associate Investigators:

Allen Dixon
Rick Kalke
Nancy Rabalais
Steve Rabalais
Granvil Treece



INTRODUCTION

Five taxonomists from the UIMSI/PAML 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 professiénals in the field. We feel
that the trips were entirely successful in tha£ 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
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:



Dr. J. L. Barnard
Dr. Allan Child

Dr. Arthur Clark

Dr. Richard Houbrick
Dr. Kensly

Dr. Harold Rebder
Dr. Clyde Roper

Dr. Joseph Rosewater
Dr. Thomas Waller
Dr. Anders Warén.

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 informatiom.

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
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. These 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 tdentification of these orgarnisms.



CHAPTER FIVE

SUMMER POSITION FOR BENTHIC ECOLOGISTS AT UTMSI/PAML

Principal Investigator:
J. S. Holland
Visiting Scientists:

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



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-
ment 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/PAML and an additional
ten days at home reviewing the 1976 Draft Final Report and preparing his
report, His time spent at the UTMSI/PAML was very instructive as he spent
a great deal of hié 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 1s appended.

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



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.



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 ASM 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

key to the echinoderms of the northwestern Gulf of Mexico. Preliminary



copies of the keys (Asteroidea, Ophiuroidea, Echinoidea) and drawings
were left with the team personmel.

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-
fied. 1In 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 507 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



5-6

sieved, fragmentation might be reduced. Also, the samples are iater
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 evapo;ates 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 c;nventional
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
" 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



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—samplgr.

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). Tée 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
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



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
them at greater depths that mid-water trawls could be used in the
depths of the area of study. Ngkton sampled at the middle of the water
column at each station, at night, during the day, and seasonaily, 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

great depth. But the absence of any squid, of which 2 genera and
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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).

Some groups could easily be identified more specifically than has
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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) 1s 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 columms):

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
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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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-
ploca, 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-

zations expressed in words. Man thinks in words, not in numbers.



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 repeateg as pages 186 through -
198.

Appendix J: page 119, bottom row, third column: 2 should be 3
(station number).

Appendix J: page 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 100%. 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.
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"



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 éreat 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—cl;ssify

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 (Mean, 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
Chapter 5, p. 5-11 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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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 uﬁeful. What minerals
besides quartz are present? Is 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 shélf, 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?

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
- 1f 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 Sargassum, 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



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
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



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
as counting, measuring specimens, etc., which can as well be done
by non-~biologists. .

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
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.
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1. INTRODUCTION

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 accahnt 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



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

2.1 Existing Procedures and Samples

2.1.1 The macrobenthic infauna is collected in a series of 8rab hauls cover-
ing a surface area of 1/10 m?, and no haul is aEcepted 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 1/10 m®

is extremely large and heavy, so the operational diffi-
culties would probably not justify the change for work on the shelf.

2.1.2 1In 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.



Picking is a repetitive task but it is vitalAin‘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
room, separated from the staff who later classified and evaluated the
collections. It is RECOMMENDED 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
RECOMMENDED 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, and I have arranged to
provide details of this technigue.

.1.4 The considerable fragmentation of specimens in the samples was noted.
It is RECOMMENDED 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.

.1.5 The small group concerned with the classification and furthef 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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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 RECOMMENDED that a considerable
effort should be made, and every facility provided, to tie up these loose
ends.

.1.6 The single significant gap in sample processing is the omission 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 npt 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 obtainéd for fall 1977 by relatively minor additional procedures inserted

between the final picking of the samples and the initial identification of
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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 descri;tion of the species struc-
ture of the populations. This has be;n 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

"pres-

the cluster analysis. This may-slightly weaken the argument for the
ence-absence'” option. Therefore, while not suggesting there may be any
serious shortcomings in the existing cluster analysis, it is RECOMMENDED
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



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, stationms,
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 BLM 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
datg will emerge appropriately.

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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significance, and to relate the change to its'caﬁse. Numerous investigators
confirm that 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
severél 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-
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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far, however, has correctly been kept to the ﬁinimum 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 communitigs, it should
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 near the outer edge of the rich bivalve community, some knowledge
of that community may be required to explain the dynamics of the shallowest
BLM zonmnes.

2.3.5 1In designing a monitoring study of this type, it shoﬁld be recognized
that the 6ptimum 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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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 A long 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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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 demnsity of
individuals is low but the species diversity high.

2.3.10 The proposals above are concerned with evaluating changes within
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 thé benthic changes cannot normally be understood with reference to

the rest of the ecosystem. In the case of point-source pollution (e.g.



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 progedure 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
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.



2.3.12 1In this context, small-scale laboratory studies of the LCsqg 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 LCsq 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
adequate 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
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-




viduals per m? 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 o0il, 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 columm, 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 typq'of work, and
the large number of species present even in the 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 contrelled in the
experimental sense and supervised in 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
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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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 the 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 cogtaining 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 ev#luation at a later date because of direct pollution
impact, but they make up only a small proportion of the stué; 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 RECOMMENDED

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
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 epifaun; 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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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 BLM
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
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



demonstrated great similarity between thém, the investigators were per-
mitted in the interests of ecomomy of effort to defer analysis of fur-~

ther 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 RECOMMENDED 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.

4

6. OTHER SECTIONS OF THE STOCS STUDY

.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
of the programme may be appropriate.

.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 enmergy 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
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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 meicdfauna 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 o;ganic 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

7.1 This report is based on two periods totalling five weeks (22 August-



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.

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



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 assaociations 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 additiomnal 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
exceptionally comprehensive coverage to the environmental components of
the area, the absence of data on primary production (as distinct from
biomass) énd 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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problem, and deals with the most technically'deménding 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

.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 drose 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.

2 Macrobenthic Infauna

Sample Collection

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.

8.

8.

8.

8

8

2.3 Extract fauna from sediment cores and replace in main sample (2.1.1)
2.4 Consider alternative sampling gear for larger infauna (2.1.2)

Sample Treatment

2.5 Arrange closer link between sample "pickers" and related members of
the staff (2.1.3)

2.6 Pick the samples from water, not alcohol (2.1.3)

.2.7 1Investigate cause of specimen fragmentation and alter procedures as

necessary (2.1.4)

.2.8 Tie up loose ends of taxonomy (2.1.5)
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8.2.9 Publish new reocrds of fauna and descripfions of new species (2.1.5)
8.2.10 Derive an index of biomass from the fall 1977 survey (2.1.6)

Datd 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
of individuals between stations, seasons and years (2.2.2)

Future Programme

-

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 reguired 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

an account of this work should be published (5.2)
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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.

Length-frequency histograms of all species measured are presented.
Variations in epifaunal abundance due to recruitment of young size classes
into the study area wereverified. 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.



INTRODUCTION

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 investigatién 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‘hor 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-
dances, it is possible to delineate optimal ranges of environmental factors
for a particular species. g

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 thebtime 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 tﬁe ebifauna, total iength of'shrimp~ﬁé§z measured from the tip of the
rostrum to the tip of the telson, crab width was measured across the widest

part of the carapace and mollusc height was measured from the umbo to the
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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 maculata. ’

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 on 1976 BLM-STOCS

benthic collections.

RESULTS AND DISCUSSION

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 (Z.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 Squilla empusa data (Figure 1)

indicate that the smallest class enters the study area in winter and spring.
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Growth of the most abundant size class can be.foilowed 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 duorarwm, and two grabs Callinectes similis
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 similis (Figure 7) into the shallow
stations. Penaeus setiferus, 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
extreme temporal variations. Length-frequency histograms of Squilla 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, Amusium 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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Definite reproductive cycles are evident.fof 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 epifauna data. To determine the causes of spatial
variation the locations of young 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
gsize 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 stationms.

The three exceptions to this trend Portunus gibbesii, Penaeus duorarum 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 Perngeus 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
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 Afmandia.macuZata and the amphipod Ampelisca agassizi
showed recruitment in the spring and fall; growth from fall to winter can

be traced (Figures 16 and 17). No significant correlations of mean length



CORRELATION COEFFICIENTS OF MEAN

TABLE 1

LENGTH OF A SPECIES WITH BENTHIC PHYSICAL VARIABLES

Optimum Abundance Depth Depth Temperature Salinity Mean Grain X Sand X Clay N
Depth Zone Rank in 1976 Range Species Size
(m) CORRELATION COEFFICIENTS

Shallow to 7 10-65 Squilla empusaq .659% .228 L402% AT -.451% [ 529% 39
Shallow- 12 10-27  Penaeus duorarwm <142 .389 .084 .237 -.266 .253 14
Intermediate 22 10-35  Penaeus setiferua .065 .025 J143 .239 .262 .193 17
1 10-81 Trachypenacus similis  .800%* .001 .645% L4366 -.399%  L476% 58

3 10-130 Callinectes similis LA485% .191 517% A1 ~,425% | 425% 66

13 10-40  Portunus gibbesii .112 -.262 -.279 .361 -.335 . 341 17

Intermediate 10 22-131 Squilla chydaea .628% -.198% .307% .387% -.316%  413% 67
4 10-131 Penaeus aztecus .789% ~-.493% .582% .529% -.417% [ 585% 88

Deep-Intermediate ) 42-130 Amusium papyraceus . 540% ~. 451% .291% .448% -.383% L 467% 53
to Deep 8 27-134 Portunus spinicarpus .718 -, 413% A4 J4B1% -.368% . 536% 56

*Level of significance « = 0.05

8T-9
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with depth were found. All size classes were collected at a stationm.

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. 1In
some cases such as Ampelisca 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 ou} sampling periods too far
apart to follow their reproductive cycles.

One important aspect of the BLM-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 enviromment. 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 (t.e. temperature, salinity,
time of day, etc.). The criterion for best fit was a reduction of the mean

square.



Portunus gibbesii distribution was best explained by salinity. About
807 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. -

The distribution of Callinectes similis was 8% explained by tempera-
ture and 267 explained by seasonality. When both variables were combined
the reduction in variation was 457%. These two variables were the most
important factors regulating C. gimilis 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 5% and with season considered alome, the
mean square was reduced 267, but a combination of the two variables
- reduced the mean square 487. Including temperature as a third wvariable
resulted in explaining 807 of the wvariability 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 infihite
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
1975 and 1976 BLM 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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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. 1In 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.

Infauna
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

cycles.
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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 biomass spatially and temporally was
analyzed and regression of biomass on numbers of individual by species
was obtained.

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
biomass 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.

Biomass was significantly correlated with numbers for all species
except Clymenella torquata. Regression equations are provided.



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 size of individuals
within a collection are dominant factors in the biomass within that col-
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-
lacydonia 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



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 maculata 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)., Weattempted to delimit spatial and seasonal patterhs 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 archived by speties.

The following species of infaunal organisms were weighed to measure
biomass: Cossura delta, Paraprionospio pinnata, Magelona phyllisae, Asychis
elongata, Clymenella torquata, Armandia maculata, Sigambra tentaculata,

Paralacydonia paradoxa, Nephtys incisa, Diopatra cuprea, Lumbrineris



parvapedata, Ninoe nigripes, Abra equalis and Ampelisca agassizi. Lie
(1968) suggested a drying time of 5~10 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 107" gm. Only one of the above
species, Armandia maculata, containéd samples with whole organisms.
Anterior fragments comprised samples of the other species.

The following 19 species of epifauna were analyzed: Renilla mullert,
Amusium papyraceus, Polystira albida, Squilla chydaea, Squilla empusa,
Penaeus aztecus, Penaeus dudrarum, Penaeus setiferus, Trachyéenaeus
eongtrictus, Trachypenaeus similis, Acetes americana, Sicyonia dorsalis,
Solenocera vioscat, Anasimus latus, Callinectes similtis, Portunus gibbesit,
Portunus spinicarpus, Astropecten cingulatus, and Astropecten duplicatus.
The drying time of each specieé 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 0.1 gm.

Four species, Squilla chydaea, Penaeus aztecus, Trachypenaeus similis,
and Stcyonia dorsalis were used to compare ash free dry weights to pre-
served weights., TFresh samples were obtained, fixed in 107 formalin, then
preserved in 5072 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).



RESULTS

Epifauna

Biomass and numerical distribution data for epifauna are surmarized
in Tables 1 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 waté} group characterized by
Renilla mulleri, Squilla empusa, the penaeid shrimp, etc.; a moderate
depth group characterized by Squilla chydaea, Solenocera vioscai and
Astropecten duplicatus; and a deep water group including Amusium papyra-
ceus, Polystira albida, Anasimué latus 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, Callinectes similis, and the paper scallop, Amusium papyraceus,
were the major contributors to the total annual biomass of the 19 species
investigated. These three species contributed almost two-thirds (66.12%)
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
y is weight (g); x is the number of individuals and m is a constantl, 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 welght to be present with no individuals present.



EPIFAUNA BIOMASS BY SPECIES.

TABLE 1

DEPTH RELATIONS, ANNUAL TOTALS, BIOMASS AND NUMERICAL COMPOSITION

Percent

Species Depth Zones - 8/yr Total Wt. % Total Ind./yr Egi%gﬁnal
1 2 3 8/ yr Epifauna Wt. Ind.
Renilla mulleri 747.2 94.0 2.6 843.8 .77 347 1.7
Polystira albida .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
Squilla chydaea 273.8 1626.4 419.3 2319.5 2,12 495 2.5
Squilla empusa 4546.6 696.3 .3 5243.2 4.80 592 2.9
Penaeus aztecus 20299.4 17870.4 2746.8 40916.6 37.38 2740 13.7
Penaeus duorarum 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 dorsalis 583.8 . 3033.1 .0 3616.9 3.30 3164 15.8
Solenocera vioscai .0 1877.2 290.8 2168.0 1.98 957 4.8
Trachypenaeus constrictus 408.8 .7 .0 409.5 .37 137 .7
Trachypenaeus similis 4883.9 4212.5 7.3 9173.7 8.38 5070 30.3
Acetes americana 6.3 .1 .0 6.4 >.01 235 1.2
Anasimus latus 2,6 100.2 1194.6 1297.4 1.19, 262 1.3
Callinectes similis 5110.5 15416.6 151.6 21078.7 19.26 2125 10.6
Portunus gibbesit 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
Astropecten cingulatus 23.7 580.9 359.7 964.3 .88 177 .9
Astropecten duplicatus 11.5 205.5 5.8 222.8 .20 347 1.7
Total 43541,5 49530.9 16381.0 109458.4 - 20029 -
Zone 1 = 39.8% of biomass total
Zone 2 = 45,37 of biomass total
Zone 3 = 14.9% of biomass total

Biomass (Total Wt. 8/yr) of epifauna

99,977 of combined infauna and epifauna biomass.
Total Epifaunal Individuals = 47% of combined total infaunal and epifaunal individuals.



TABLE 2

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
Renilla mulleri 567.7 254 40.4 17 - 12.2 3 100.2 26 1.5 1 - - 43.7 23 49.9 18.2
Polystira albida 250.4 95 40.1 5 39.1 5 3.6 1 2.2 1 ~ - 479.9 61 - -
Amusiun papyraceus 1627.4 137 1725.3 148 859.9 63 963.9 111 399.1 28 492.1 28 3114.7 475 266.4 965.0
Squilla chydaea 618.2 146 396.4 92 127.8 26 385.2 89 125.3 13 17.7 395.2 59 74.3 179.4
Squilla empusa 1631.6 211 720.9 86 243.2 26 2357.8 246 16.1 2 26.7 3 193.9 12 23.7 29.3
Penaeus aatecus 5255.5 203 1117.3 41 1376.3 49 10207.7 922 648.5 47 12801.7 5 7241.9 278 1320.0 947.7
Penaeug duorarum 593.8 38 35.2 2 21.5 1 2230.0 170 - - - 1105 253.3 12 - -
Penzeus setiferus 797.0 43 272.9 13 302.8 10 411.7 10 - - - - 56.6 3 70.4 552.3
Sicyonia dorsalis 952.6 788 331.1 256 13.6 39 1273.3 1615 104.0 86 35.1 - 747.6 258 71.0 88.6
Solenocera vioscat 460.5 217 281.0 154 182.7 145 656.1 280 67.0 15 81.0 20 322.2 99 106.2 11.3
Trachypenaeus constrictus 3.2 3 - - - - 404.5 132 - - .3 19 1.5 1 - -
Trachypenaeus similis 3931.4 3¢n5  1496.4 524 528.0 484 2433.3 1335 72.8 22 72.2 1 219.8 83 79.3 340.5
Acetes americana 4.8 173 .7 21 70027 .2 14 - - - 20 - - - -
Anasimug latus 342.1 58 80.3 38 89.9 19 164.6 43 6.1 2 12.0 - 362.2 64 4.9 235.3
Callinectes similis 1581.0 122 750.2 52 34,2. 2 11198.8 1509 956.8 94 1063.8 2 4597.8 234 192.0 704.1
Portunua gibbesii 195.6 62 32.7 5 1.0 1 398.7 138 - - - 60 34.6 10 30.7 5.9
Portunue spinicarpus 935.2 139 299.9 39 341.2 50 732.8 113 56.8 12 95.4 - 1097.7 185 17.2 200.6
Astropecten cingulatus 221.2 29 173.9 40 38.6 7 - 106.3 25 4.0 5 5.1 13 237.7 49 1.7 169.8
Astropecten duplicatus 83.4 130 10.5 31 2.0 4 25.0 56 7.2 15 - - 76.9 88 4.0 13.8

Regression N
Transect I Trangect 11 Transect III Transect IV Plot (y=mx)
Species Wt N Wt N Wt N we N u r X K

Renilla mulleri 16.9 5 297.9 94 523.9 245 5.1 3 2.24 .955
Polystira albida 34.0 8 92.7 13 - - 688.6 147 3.92  .839 N = Number of Individuals
Amusium papyraceus 389.8 50 6785.1 535 411.6 36 2787.3 461 6.48 .916
Squilla chydaea 98.6 16 1408.1 305 507.8 89 305.0 85 4.20 .911
Squilla empusa 1991.4 270 1474.0 177 432.4 36 1345.4 109 8.06 971
Penaeus astecus 2112.4 121 24928.2 1806 5423.5 255 B8452.5 558 ~1.26 .805
Penaeus duorarim 1018.3 67 56.7 3 607.1 37 1451.7 - 116 12.59 .959
Penaeus setiferus 862.3 37 1442.2 58 81.4 4 77.8 3 22.49 .943
Sticyonia doresalis 297.3 430 1968.6 2015 400.6 269 950.4 450 .74 .895
Solenocera vioscai 183.5 64 1394.7 658 383.2 148 206.6 87 2,09 .880
Trachypenaeus constrictus 2.5 1 .3 1 -~ - 406.7 135 2.97 .589
Trachypenacus gimilis 1278.2 1598 4636.0 2886 1290.9 642 1968.6 944 1.26 .805
Acates americana 4.9 183 1.4 50 >.1 2 - - >.1 .975
Anasimus latus 56.0 12 574.4 131 524.6 86 142.4 33 4.81 .930
Callinectes aimilis 5796.5 736 8729.0 965 2770.7 202 3782.5 222 6.58 .883
Portunus gibbesit 522.3 181 70.3 15 44,4 11 62.2 18 2.81 .977
Portunus spinicarpus 292.9 52 1470.0 232 883.4 130 1060.5 169 6.44 974 .
Astropecten cingulatus 124.3 16 528.1 98 297.2 53 14.7 10 5.63 .884
Astropecten duplicatus 47.8 95 50.2 100 41.2 48 83.6 104 72 .934

8-/



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 ,05% 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 éifference at the .05%
level of significance was seen.

Total biomass varied between transects with Transect II and IV yield-
ing approkximately 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 ,05% 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 Solenocera vioscai, Penaeus aztecus and Astropecten
cingulatus 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.

Infauna

Biomass and numerical distribution data are summarized in Tables 4



TABLE 3

EPIFAUNAL SPECIES COLLECTION MEANS AND ANNUAL MEAN BIOMASS

Species Winter March April Spring July August Fall November December Annual
X

Rentlla mullert 2.24 2.38 4.07 4,24 1.5 - 1.90 2.77 3.64 2.43
Polystira albida 2.64 8.02 7.82 3.6 2.2 - 7.83 - - 4.84
Amusium papyraceus 11.88 11.66 13.65 8.68 14.25 17.58 6.56 12.58 13.40 9.61
Squilla chydaea 4.23 4.31 4.92 4.33 9.64 5.90 6.70 3.23 4.08 4,69
Squilla empusa 7.73 8.38 9.35 9.58 8.05 5.34 16.16 11.85 14.65 8.86
Penaeus aatecus 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
Steyonia dorsalis 1.21 1.29 0.35 0.79 1.21 1.76 2,90 2.03 1.32 1.14
Solenocera vioscai 2,12 1.82 1.26 2.34 4.4 4,26 3.25 4.25 3.77 2,27
Trachypenaeus constrictus 1.07 - - 2.95 .3 1.5 - - 2.99
Trachypenaeus similis 1.15 2.86 1.09 1.82 3.31 3.61 2.65 2.40 2.08 1.51
Acetes americana 0.03 0.03 0.03 0.01 - - - - - 0.03
Anasimus latus 5.90 2.11 4.73 3.83 3.05 6.0 5.66 4.9 6.72 4,95
Callinectes similis 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
Astropecten cingulatus 7.63 4,35 5.51 4.25 0.80 1.70 4.85 7.7 9.43 5.45
Astropecten duplicatus 0.64 0.34 0.5 0.45 0.48 - 0.87 1.0 0.73 0.64

nT-/



TABLE 4

INFAUNAL BIOMASS BY SPECIES. DEPTH RELATIONS, ANNUAL TOTALS, BIOMASS AND NUMERICAL COMPOSITION

Percent
Species Depth Zones ~ 8/yr Total Wt. % Total Ind./yr Igggﬁial
1 2 3 8/ yr Epifauna Wt. Ind.
Abra equalis 4,7732 . 1420 .0227 4.94 11.54 1387 6.2
Sigambra tentaculata .2019 .0763 .1063 .38 .89 858 3.9
Paralacydonia paradoxa .0 .0096 .0740 .08 .20 180 .8
Nephtys incisa 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 L1411 .98 2.29 230 “1.0
Paraprionospio pinnata 5.9382 .5580 .3360 5.83 15.96 4527 20.4
Magelona phyllisae .6995 .0045 .0016 .71 1.66 5411 28.9
Cossura delta .0575 .0962 .0595 .21 .49 921 4.1
Armandia maculata . 2546 .1120 .0186 .39 91 219 1.0
Clymenella torquata 1.6122 .0088 .1301 1.75 4.09 373 1.6
Asychis elongata 1.2155 8752 .0179 2.11 4.93 1165 5.3
Ampelisca agassiai 1.8308 .1781 .0323 2,04 4.77 1971 8.9
Total 36.6374 4.8360 1.3313 42.80 - 22226 -
Zone 1 = 85.6%Z of biomass total
Zone 2 = 11.29% of biomass total
Zone 3 = 3.11% of biomass total

Biomass (Total wt-8/yr) of infauna =

-

.03% of combined infauna and epifauna biomass
Total Infaunal Individuals = 53% of combined total infaunal and epifaunal individuals



and 5. Again, it is apparent that most infauﬁal‘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 tentaculata and Cossura delta) showed little depth prefer-
ences. Paralacydonia paradoxa had a decided preference for the deepest
zone. No species of infauna assayed showed highest biomass at the mid-
depth zomne. X

The three infaunal species having the greatest total biomass during
the 1976 collection year were Diopatra cuprea,‘EUraprionospio pinnata and
Abra equalis. They accounted for 69.91% of the total assayed infaunal
biomass collected during 1976. Numerical dominants among infaunal species
were Magelona phyllisae, Paraprionospio pinnata and Lumbrine;is parvape-
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 Clymenella torquata in which weight was not significantly correlated
to numbers.

Seasonal values for total biomass were not significantly different
(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 equalis 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. parvapedata, Magelona phyllisae,



TABLE 5

INFAUNA SEASONAL AND SPATIAL BIOMASS DATA, REGRESSION AND CORRELATION OF WEIGHT ON NUMBERS OF INFAUNAL SPECIES

August (3)

Specles Winter (7) March (8) April (9) Spring (1) July (2) Fall (4) November (5) December (6)
Wt N Wt N Wt N Wt N L3 N Wt N Wt N [ N Wt N
Stgambra teqtaculata .0806 102 .0218 42 .0197 28 .0860 235 .0323 71 .0348 39 .0633 220 .0263 54 0197 67
Ihrulacyqonea paradoza .0115 19 .0058 11 .002) 6 .0202 42 .0074 11 .0022 7 .0228 62 .0037 11 :0077 11
nghtys incisa .5108 106 .2874 50 .3398 38 .6995 143 .0692 36 L4445 92 Lh745 242 2129 96 ,2958 97
Diopatra cuprea 6.7862 89  .0050 7 .0178 3 9.1949 96 .1309 2 .3669 4 1.6435 - 68 .0039 2 - -
Lqmbrtngrtg parvapedata .3909 475  .0072 34 .0083 24 .1768 575 .0056 28 .0116 34 .2783 1579 .0080 37 .0072 27
Ninoe nigripes .1850 44  .0634 17 .0496 9 .3242 6) .1239 19 .0924 21 .0880 37 0394 10 .0183 10
Ihraprtonoapto.ptnnata 1.2791 705 .7855 507 1.3032 4B6 1.2162 1009 .1884 189 .1258 213 .5718 630 5709 425 .7913 363
Magelona phylliesae 1137 755 .0167 58 .0077 k1] .2814 2518 .0059 25 .0105 38 .2468 2909 ,0078 29 .0105 38
Cbsﬂurq delta .0366 130 .0232 81 . 0095 51 L0491 231 .0129 62 .0138 51 L0469 224 .0105 48 .0107 43
Armandia maculata .1283 21 .0180 5 .0138 7 .0334 42 .0056 10 .0535 k)] .0360 54 0412 21 0554 20
Clyme?ella torquata 1.2019 21 - - L0441 1 .1996 136 - - - - .3052 215 r - T -
Asychis elqngata .7079 16 - - . 0564 3 1.1378 1076 .0322 1 .0017 2 .1726 67 - - - -
Abra gqualta . .0791 3 - - .0020 1  4.5795 1228 .0016 11 .0104 64 .2610 46 ,0015 12 .0028 22
Ampelisca agassiai .5180 489  .1101 117 L0577 28 .4583 576 .0163 24 .0468 47 .7388 615 .0605 44,0347 31
Species Transect 1 Transect IT  Transect III Transect IV Regression Plot
Wt N Wt N ] N Wt N y = mx
» r
Sigambra tentaculata .0419 128 .2652 427 .0420 161 L0354 142 3.87x10:“ .560
Paralacydonia paradoza .0207 49 .0390 76 .0110 25 .0129 30 4.36x10_“ .781
Nephtys incisa .5262 129  2.4872 S58  .1616 108 .1614 105  3.05x10_° .490
Diopatra cuprea 12.0048 95 .7581 24 1.1492 41 4.2370 111 7.64x10_2 .775
Lumbrineris parvapedata .2298 671 .0680 239 .3224 1038 .2737 865 2.]3x10_~ .669
Ninoe nigripes .2507 44 .5483 118 .0879 39 .0973 29 4.93x10_’ .549
Paraprionospio pinnata .7576 635 5.6764 3271 L2047 237 .1935 384 1.91x10_° .887
Magelona phyllisae .2488 2622 0939 323 .2706 2378 .0923 1088 9.80x10_' .921
Cosaura delta .0353 154 L1148 480 .0284 116 0347 171 1.93x10_“ .769
Armandia maculata .0237 24 3208 133 .0270 43 .0137 19 1.59x10_’ .490
Clymenella torquata .2680 6 ,0441 1 . 1894 128 1.2496 238 l.lelO_’ .182
Asychis elongata 1.8218 1117 .1536 10 .0002 5 .1330 kX 6.04x10_~ 511
Abra equalis 4,2018 506 .0199 116 .3965 650 .3197 115 2.le10_’ .578
Ampelisca agasaizi .0409 53 .3912 396  1.5486 1458 .0605 64 1.05x10* .959
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TABLE 6

INFAUNAL SPECIES COLLECTION MEANS AND ANNUAL MEAN BIOMASS*

Specles Winter March April Spring July August Fall November Decembér Annual
Sigambra tentaculata 0.7902 0.5190 0.7036 0.3660 0.4549 0.8123 0.2877 1.4130 0.2940 0.45
Paralaoydonia paradoxa 0.6053 0.5273 0.381) 0.4810 0.6727 0.3143 0.3677 0.3364 0.7000 0.46
Nephtys incisa 4.8189 3.7480 8.9421 4.8916 1.9222 4.8315 1.9607 2.2177 3.0495 3.7
Diopatra cuprea 76.2494 0.7143 5.9313 95.7802 65.45 91.7250 24.1691 1.95 - 66.97
Lumbrineris parvapedata 0.8229 0.2088 0.3458 0.3075 0.2000 0.3412 0.1763 0.2162 0.2667 0.32
Ninoe nigripes 4.2045 3.7294 5.5111 5.1460 6.5211 4.4000 2.3784 3.9400 1.8300 4.28
Paraprionospio pinnata 1.8143 1.5493  2.6815 1.2054 0.9968 0.5906 0.9076 1.343) 2.1799 1.51
Magelona phyllisae 0.1506 0.2879 0.2026 0.1118 0.2360 0.2763 0.0848 0.2690 0.2763 0.11
Cossura delta ' 0.2815 0.2864 0.1863 0.2126 0.2081 0.2706 0.2094 0.2188 0.2488 0.23
Armandia maculata 6.1095 3.6000 1.9714 0.7952 0.5600 1.318 0.6667 1.9619 2.7700 1.76
Clymenella torquata 57.2333 - 44.1000 1.4676 - - 1.4195 - - 4.69
Asychis elongata 44,2438 -~ 18. 8000 1.0574  32.2000 0.8500 2.5761 - - 1.81
Abra equalis 26,3667 - 2.0000 37.3923 0.1455 0.1625 5.6739 0.1250 0.1273 3.56
Ampelisca agassizi 1.0593 0.9410 2.0607 0.7957 0.6792 0.9957 1.2013 1.3750 1.1194 1.04

*Weight in milligrams
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Abra equalig) but remained relatively unchanged for others (drmandia
maculata, Ampelisca 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, Armandia maculata), there
seemed to be definite periods in which the mean Piomass is diminished
indicating the probable periods of recruitment.. Im others,
mean biomass fluctuated very little (Sigambra tentaculata) or without
interpretable pattern (4sychis elomgatal.

Tables 7 and 8 provide compafisons of fresh and preserved wet weights
with dry weights and ash free dry weights for selected epifa;nal species.
These comparisons were not attempted on 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. aztecus, 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
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-



COMPARISON OF ALCOHOL PRESERVED, DRY AND ASH-FREE DRY WEIGHTS OF FOUR EPIFAUNAL SPECIES

TABLE 7

[\

Species Preserved Dry Percent Ash ‘Agh~Free Percent
Weight Weight Preserved Weight Dry Weight Preserved

Weight Weight

Squilla chydaea 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

Trachypenaeus similis 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

Penaeus aatecus 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

Sicyonta dorsalis 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 L4740 26.33 .1943 .2797 15.52

9T-L



TABLE 8

COMPARISON OF FRESH, DRY AND ASH-FREE DRY WEIGHTS
OF FIVE EPIFAUNAL SPECIES

Species Fresh Dry Percent Ash-Free Percent
Weight Weight  Fresh Dry Weight Fresh
Weight Weight
Squilla 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
Portunus 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 72,4119 35.92 1.2599 18.76
Squilla chydaea 3.7059 1.1749 31.70 .8328 22,47
3.9858 11,1450 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 11,7958 28.96 1.2194 19.66
_ 6.8814 2.1121 30.69 1.5645 22.73
x 5.2870 12,5378 29.09 1.0871 18.91
Penaeus duorarum 8.7066 22,6120 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

Penaeus aztecus 16.7934 4.6416 27.64

16.2394  4.7639 29.34
18.1461 5,3829 29.66

.7871 22,50
.9252 24,17
L4617 24.59

3

3

4
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 27.75 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



stancy within the first two depth zones is the fact: that several epifaunal
species (Squilla chydaea, Sicyonia dorsalis and Callinectes similis) show
a decided preference for the mid-depth zone. Other epifaunal species
(e.g., Penaeus aztecus, Trachypenacus similis) 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: (Paralacydonia paradoxa which showed a reverse
gradient and Cossura delta which showed no gradient) did not show the
de;reasing biomass gradient acroes the shelf. No infaunal species showed
a decided preference for the mid-depth region.

The depth patterh for epifaunal organisms was more complex than that
of the infauna. The assayed infaunal species had two basic Eypes of
species, the shallow and deep groups. In our area, there were many more
shallow species gading into deep zones than ﬁhe 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 dfter remaining fairly constant in
the two shallow zones. The third type contained species which are truly
mié-depth species, showing a peak biomass in the mid-depth zone. There
wereno similar species in the infauna assayed. The fourth epifaunal bio-
mass distribution pattern was exhibited by the deep species which showéd
a biomass decrease as depth decreased.

The difference between the apparent depth distribution types of
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 includés many depth related factors such as

sediment type, nutrient availability, stability of hydrographic parameters,



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 aqd had higher correlation
coefficients (r). This stemmed from the greater fragmentation of infaunal
species and from the greater numbers of infaunal specimens analyzed. All
species analyzed except the polychaete, Clymenella torquata, showed highly
significant correlations between weight and numbers. Notes made during
the weighing procedure indicate a greater than normal percen;age 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
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, indicatding
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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 fol%ow this pattern (or anydobv%pus>pattern of seasqnal ‘
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-
ment of smaller individuals leaving the bays for the continental shelf in
the spring and summer. However, many species ‘had: no such pattern and

may actually be reproducing more or less continuously through the year

(or major p;rtion of the year). This is thought to be true of some
estuarine invertebrates (e.g. Callinectes sapidus Rathbun) in the South
Texas area and may well be true for some 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,

. Biomass between transects varied with epifaunal annual biomass being
greatest along Transects II and IV. Infaunal annual biomass was greatest
on Transects I and II. It must be remembered that Transect II data
includes the six monthly samples while all other transects have only
seasonal data. This them 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 IV for infauna. The difference in
epifaunal biomass for Tramsect IVwas primarily due to several species
including‘ Polystira albida, Amusium papyraceus and Penaeus aztecus.

Infaunal biomass on Transect I was highest due to the presence of the
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polychaete, Diopatra cuprea, which had more biomass on Transect I than
the total biomass en each of the other transects. Thus 95 individuals
of one species (D. cuprea) 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.-Without 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,
dr; 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 -was: collected on an
ancillary cruise to be utilized in the destructive (dry and ;sh—free
dry weight) biomass measures. Dry weight averaged less than 25% of the
preserved ;eight of four species and slightly over 257 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
16-187% of the preserved or fresh weight except in Penaceus aztecus which
had 22.2% and 23.8Z% respectively. Unfortunately, there was only one
species, P, aztecus common to both biomass measurement (fresh and pre-
se;ved 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-

serving process was indicated.

Biomass fdgﬁghé infauna was, aé‘expected,~fairly low. Other investi-
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



knowing the-atétual-percentage butf.v‘vould-’_estima'te;at'rleéét 75Z-:0f thé-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 a£e more accurate than the present extrapolations but are still
only about éwice the present estimate. The low biomass figures calculated
give added strength to the hypothesis of continuous infaunalrreproduction,
Z.e., a high turnover rate, if the infaunal organisms are indeed contri-

buting as we feel they ares to the energetics of the STOCS ecosystem.
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ABSTRACT

Histopathologic analyses of approximately 100 Micropogon undulatus
(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.

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,



INTRODUCTION

This special report is concerned with the histopathologic analyses
of Micropogon undulatus (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

Experimentai Animal

Approximately 100 Micropogon undulatus 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& 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 léboratory conditions for one week. Both treated

and control fish were maintained on a diet of live shrimp.

Crude 0il

A water soluble fraction of crude oil was prepared by mixing, with
a magnetic stirring apparatus, one liter of South Louisiana crude oil!
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 OEEAN) to 5 and 10%

ISupplied by Shell 0il Company, Houston, Texas.



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, stomath, gonad
and gill were collected following the various periods of exposure. The
tissues were fixed in‘'10% buffered neutral formalin and Helly solution.
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).

l 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.



TABLE 1

NUMBERS OF FISH EXPOSED TO WATER SOLUBLE FRACTIONS
OF SOUTH LOUISIANA CRUDE OIL

Length of Exposure Control Working Solutions Total
(Days) 5% 10%
1 5 5 5 15
37 5 5 5 15
7 5 5 5 15
14 5 4 5 ’ 14
21 S 5 5 15

Total 25 24 25 74



RESULTS

Kidney, gonad, heart and stomach did not show any lesions that
could be attributed to exposure to the water soluble fractions of crude
0il., 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. -buring the collection procedure some skin was occasionally
left attached to the muscle to help maintain muscle compactgess. When
the muscle slides were beihg 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 107 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,
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 liverl

of fish éxposed seven days or longer to the 5 and 107% concentrations of



TABLE 2

AVERAGE DEGREE OF HEPATOCYTE VACUOBATION IN FISH
EXPOSED TO WATER SOLUBLE FRACTIONS
OF SOUTH LOUISTANA CRUDE OIL

Length of Exposure Control """ Working Solutions
(Days) 5% 10%

1 1.6% 2.2 1.6

3 7 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

*Degree of vacuolation: 1 = little or no vacuolation;
! 2-3 = glight vacuolation;
4-5 = moderate vacuolation;
6 = extreme vacuolation



crude oil.

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
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. ‘

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
foreign 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
by which exogenous hydrocarbons enter the body of aquatic animals (Stege-
man, 1977). Such hydrocarbons would be transported to the liver for
metabolism. 1In the present study an increase in hepatic vacuoles
occurred Vith increase in time of exposure, an apparent response to

crude oil uptake. The exact nature of the hepatocyte vacuolation cannot



be determined without employing histochemicalvprocedures. 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 pollutionm, especially for
use in a moﬁitoring system., The observations presented here, however,

are not conclusive since skin was not collected routinely as part of

this study.
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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.

- 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.



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 al., 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 revolutiornized 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
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, modificationsmade 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
with relatively good results, ‘others with poor results. Some of the tech-
niques were arrived at through a trial and error approach while others

were as described previously in the literature.



Table 1. Species Sampled and Chromosome Counts.

Species Chromosome Number

Fish: .

1. Sand Seatrout - Cynoscion arenarius 48
2. Vermillion Snapper - Rhomboplites aurorubens --
3. Barred Grunt - Condon nobilis --
4. Silver Perch - Bairdiella chrysura 48
5. Gulf Butterfish - Peprilus burti --
Invertebrates: » ‘

1. Blue Crab - Callinectes sapidis 24
2. Squid - Lolliguncula brevis 24
3. Brown Shrimp - Pengeus aztecus 22
4., Paper Scallop - dmusiwm papyraceus 12




METHODS AND MATERIALS

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 Institgte. The other animals
were transported to the University of Texas at San Antonio and kept in

aquaria with Instant Ocean.

,

Sources of Chromosomes

Invertebrates .

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, spléen, and kidney.

Chromosome Techniques

The specific techniques used were either a modification of the squash
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-
ment and squashed, or given a colchicine (mitotic arresting agent) pre-

treatment, hypotonic pretreatment and squashed or air-dried., The actual



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 salide;
3. Marine crustacean physiological saline;
4, Teleost physiological saline;
5. Hypotonic solution
a. 0.075 M KCL . .
b. 1% Na=Citxate
c. Distilled water;
6. Fixatives
a. Methanol: Acetic acid (3 parts to 1 part)
b. 507 Acetic acid;
7. Stains
a. Aceto-orcein, 27

b. Giemsa,

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



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-
men;s 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 0.5Z 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. For the smaller
fisa, 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-~

cedure that causes the cells to swell and as a result the chromosomes will



scatter when sguashed 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 type 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% solution of acetic acid.‘ Care in handling the cells must be exercised
sinte even after fixation it is possible for the cells to burst and result

in the loss of chromosomes. Fixation is normally from 53 to 30 minutes.

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 the fixed slurry of cells is
deposited on a clean slide and allowed to air dry. Spreading of the

chromosomes may be aided by blowimg straight down on the slide or by splat-



tering the drop of slurry onto the slide fromzishort distance. The
squash technique, the oldest method, is the most widely used for flatten-
ing metaphase chtromosomes. 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
tis§ues were homogenized to make a slurry of cells. The squash technique
was used for the chroﬁosome 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

was adjusted for the various fishes, based on size and previous experience,



The basic squash technique employed was that of Ohno et al. (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 uséd were 0.075 M KC1 and 1% Na CGitrate, The distilled water
treatment dié not work effectively.

3. The tissues were fixed in 50% 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 100%, ice cold ethanol and air dried.

5. Slideswere 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 ané 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

to remove blood and mucous and incubated in hypotonic solution, A 0,075
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M KC1l hypotonic solution as well as a 1,0% Na Citrate pre-treatment for
30 minutes proved effective.

3. The gills were then fixed in 50Z 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 hypotonic
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 ﬁrohibitive. The
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 fo? 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 0,025Z concen-
tration and scales and fin epithelium incubated at room temperature for

three hours, Any dividing cells were arrested which gave an adequate

amount of material,
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2, The saline was carefully aspirated without disturbing the tissue
and gently replaced with a 0.075 M KC1l 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%4. Tissues were fixed for 15 to 30 minutes.

4, Scales were picked with fine jeweler's‘forceps and the scale
tagped 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 Fairchiid (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-
brqtes. Many of the techniques necessary to work with the invertebrates
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 coelemic 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),



Some of the techniques developed that pro&ided 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
thelmorphology 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,

2, Gills, gonads and hepatopancreas were used for chromosomal
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analysis using the hypotonic treatment and diréct squash procedures as in
the blue crab. The direct squash providéd 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-
men; 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 507 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 prdcedures incorporate the basic protocol for chromosomal
anaiysis. 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 are also more fragile and tend to be lost in

handling. ‘As a result, direct squash, or dabbing plus sguash gave best



FZT LI

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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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
winter, 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 (9).

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.



INTRODUCTION

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-
ggnt texture.

Diffe¥ent 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. ThiF 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, butnon-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 ot?er 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 0OCS from 1975 to 1977 was done assuming
that model 1 is correct. If model 2 is actually the case, use of the

data from these samples according to model 1 will introduce unneces-



textural subsamples

e

grab

samples

FIGURE 1
SAMPLING 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-] 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.

dm AT
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sary noilse or scatter in the results. HoweQer, 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 stationms.

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-
ing the range of variability of textures that a single analysis may

represent.

-

METHODS

In order to determine the variability within grab saﬁples,
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 analyéiédéfuﬁéfiéﬁce.ﬁaé'ﬁsé& to compare intragréb 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
p;rameters: 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 (@). 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. All the replicates were used to make further comparisons

of mean grain size,
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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 stationms tested, this hypothesis is accepted
at least at the 95Z 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 95% confidence. Thus, this
analysis suggests that for Stations 2/I, 3/I, 1/II, 3/II, %/III,iZ/III,
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
that analysis at all stations should use pooled estimates, some consi-
derable differences (of % Q 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 ways: 1) 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 ;ther for many, but not all stations.

For statioms 2/I, 3/1, 1/1I, 3/1I, 1/I1II, 3/III, and 1/IV the

standard deviations are essentially the same (see Table 1 colummns 1

and 2). A further examination of possible differences was dome by



10-7

" r
L]
3 v 9w
A ('Y ] g 9 .- u N
o o °c = 0o NUUA~ANYa ]
OH +« @ vt o Yduuno o P94
(>R N Wt N U YD o hlfm
s oogun=~r :dur.. IRl -
[T - u [ — o~ o o
0 R .@/ .mdpmltfs we~® .M
[ bAapRdaY w0 ..ue ~ @10
M8 "P398X8 ngotlianigEsdHT
23]
” @ m_ >~ vo Su ¢ wr w300 o
- v [ Nl - W “ - N n 4 u ]
. @O~ o us o u oo .& O o
~ gPuL uaoy L ng PO
o> " on g~ [ NI q.@ - nu 0
] (1] ~ u ¥ 00 n 0 w o [ ]
e} ) W L] d S HeA
v} u m . 0 o L] .u = L oo o9
FER R EHE R SRR
e P vdo L N0 RS 38
OO L] HHoNH O OMWN ] 0 00X L bow
v TR R IER LT T Yoo T
v 30727020200080220000227000082000000000000080000000%00050000000000000700%95505075550 50080 55504555555%
4555500202000 000000000000080000000800000000000800007027070¢000000000007000010000700000000000 0009000
. L000000000000008000000000000000000000000000000000707707000200770020000070000000000090009000000%%
. LL552002524000000000000000000000700007000007 000077002020700000007770702420020000900000000059%0%
’ L2080 0EIIIEIIIII00 0TI 0TI EIIIOIIIIPIII S 7ITPII0022770000 2720000002008 V107020707270 07277
. 400000000 00000000020200000000000000000002000702200020770227227727720 QN 207222770777702200
. \\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\ LA AR AR LA
. LE8GT0II0I0PFE000000 080008080007 20070 000077700027 0000000000008779¢ 2017700800 20720242
o 'y P00 UIIIIIVIIIOIIII007077007 00007 0700070000000 0000700000000000 01002020000 07207027
- “ - 4000 0000005220022200000000000070000000000000200000007700007 g 707777772277779777
HH o) 2 POE0II01 000700 01T 8000000070 718000700000 0080000000070v00¢ V008070000000 72207
~ . 2900000780000 0700000700000 700700000000 080800200000000709 V70700000 000070720
‘1 — . \\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\N\\\\\\\\\\\\\ E YRR A
COVNLIVIIEPIII IV 00028770000 200000700007 2070000¢700000009 V827000000002 022772 o
. R R vy rry 220000200027 000707
H 28 10000000770 77700022720004522059245023595505% 0100200207027 77078
H ce ’ ‘\\\\\\\\\G-\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\ CII02P27007000007/
- 0V 0102028. 80000 4000700000 07200200077700020247 VIIIIIIIIILIII PPV
~ ) PP00070000000000000000000000000000700007 270722702727 000077
(2 20244000007 l027000000700000002272077 PEPIIIIIIIIIIIII TS
- e 2 000200027088 0000000707000 000007000702 020002220200270077 |
<4 \\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\ AR RRRRARRR A LR
2 L8L000807007208700000077780070207 POPIPIIIIEVII 0002
~bo ° L8000 00070070008000000080077027 2000702002 22000707
o -e N ~ (24 RAR IRz us 2000200000200 70000
—t ~ o .’ PPP0VETI0I0IP200087000000000 0800002000700 7000007
- L] " ‘s LIOVOEEIELOIIOINIIIPINIIIIP 0007272000040 0207
2 PPV EP0TIII0I0 077000007000 000000000000024720
- 2 200V 8PP TP 0077000077007 00000000008000020702¢8 &
. PIPEICIIIIIIPI AR
N 2770007000700 477002000000 700070027702
o0 o’ AR iy
n He HoH ~ el R
- n 1] - - e 1020200200000 7777000000000222727
ves LP2200000800002070000708077477
~ ~ ~ o ces PR R AR
w () L] v 170@%0400080 812772772778
ey CILPIOIBI VeI 020700777
v’ I700878 1200000770707 7
[a] “CIINLI 12710772207 077705027
cer (A ALRARRR LR Z L4
. 2070000077070 209.
o 2 2000020070777
22 10007722027
(3 07070007
(4 DAL
M v, A
Tes rs/
cer ’
1 | i
N s "es
" 1 1 || s (| 1 1 1 1 2 -
~ 0 "] A 4 m ™~ -
. .

()

NOI1lVIA3Q

QU¥VANVILS

()

STANDARD DEVYIATION




10-8

TABLE 1

STANDARD DEVIATIONS OF MEAN GRAIN SIZE

station grab 1 2 3 station grab 1 2 3
1/1 1 .21 1/111 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 3/111 1 .23
2 18 2 .19
3 .19 3 14
.19 .20 .09 .19 .19 .16
1/11 1 .87 1/1v 1 .26
2 .38 2 .24
3 .49 3 .33
.60 .58 .64 .29 .28 .18
2/11 1 .24 2/1v 1 .42
2 42 2 .32
3 .10 3 .52
47 .25 .51 .50 42 .33
311 1 .18 3/1v 1 .36
2 .13 2 .45
3 .24 3 .31
.17 .18, .11 41 .37 47
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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applying a t test to the hypothesis that the méan grain sizes of the
groups of replicates from the grab samples were the same (Table 2).

At all of the above stations except 1/IV, there was no evidence for a
rejection of this hypothesis at the 95% confidence level. At 1/IV the
t tests are somewhat equivocal in that they reject the similarity
hypothesis at between 90 and 95% confiﬁence.

At station 3/IV the difference in standard deviations was only
0.04 §, but grab 2 was about ;5 § coarser than the two other grab sam-
ples. 1In éhis case the t test hypothesis was rejected at the
moderately'high confidence level of 95%.

At station 2/IV the difference between standard deviaFion esti-
mates was 0.08 @ and, again, grab 2 was coarser than the others by
about } @. 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 stgtions (1/1 and 2/1I) differences in stan-
dard deviation estimates were greater than 0.2 P, and means differed
by from 0.6 to 1.2 @#. These differences were significant well beyond
the 997 confidence limit.

éo 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 (Columm 3),

plotted in Figure 2 (open squares), and an indication of their support
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TABLE 2
DIFFERENCES IN MEAN GRAIN SIZE

Confidence Level
of Significant Data

Grab - Difference Fits
Station Samples t Low High Model

/1 1-2 3.76 99.5,
2-3 .32 <75 - 1
3-1 8.50 >99.95

2/1 1-2 1.16 &20<935
2-3 .77 <90 2
3-1 .16 <60

3/1 1-2 .24 <60
2-3 .24 <60 2
3-1 .87 <90

1/11 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 YA <75
2-3 1.24 <90 2
3-1 .73 <80

1/111 1-2 .22 <60
-3 . .70 <% 2
3-1 .60 <75

2/111 1-2 4.26 >99,5
2-3 .50 <75 ’ 1l
3=1 2.91 >99

3/111 1-2 .13 <60
2-3 1.16 <30 2
3-1 .86 <90

1/1v 1-2 1.49 230295

: 2-3 .28 <75 2

3-1 1.45 T>90<95

2/1v 1-2 2.39 >97.5
2-3 2.47 (__L§'>7 2
3-1 .34 <75

3/1v 1-2 1.20 <90
2-3 2.03 >85 1
3-1 .04 <60

*Underlines indicate significance suggested by varia-
bility of sevem grab samples with one analysis each.
Arrows show guggested change in interpretationm.



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 deviationms,
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 betweep intra- and intergrab stan- -
dard deviations is increased by 0.04 @ by considering the additiomal grab
samples and‘is increased further 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 app;rently con-
forming to model 1 (at > 99% confidence) significant differences between
grab samples are clearly supported by data from grabs four..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 957 confidence, the additional samples support real intergrab

t

differences and indicate that model 1 is appropriate.

CONCLUSIONS
Of the 12 stations where intragrab sample variance was compared to
intergrab sample variance seven (2/1, 3/1I, 3/1II, 1/III, 3/III, 1/IV, and
2/1V) 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



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 .



R T

CHAPTER ELEVEN

AN INTENSIVE STUDY OF THE HEAVY HYDROCARBONS
IN THE SUSPENDED PARTICULATE MATTER OF SEAWATER

Principal Investigator:
Patrick L. Parker
Associate Investigator:

Steve Macko
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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 (C2s - C3g) however,
remained 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.

-

Polycyclic 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.



INTRODUCTION

This study was undertaken to investigate more 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 concentéations of hydrocarbons
in particulate matter of inshore stations but these materials were
still exceedingly low in concentrations which made identification and

quantification difficult.

METHODS

Sampling

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 iOO 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 uym 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 reflux in a

methanol:hexane mixture (1:1 vol.) for three hours. This extract was
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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 on 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
ailowed to evaporate to near dryness, at which time the volumes were
adjusted td 100 ul. 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 80/100 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 Eluate

A suite of normal alkanes along with pristane and phytane was
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 .01l ug/% to .2 ug/2?
seawater. In almost all caseg a clear decrease in each of the normal
alkanes can be seen (Figure 2) with distance offshore. - Concentrations
of the lower weight compounds (1600-2000)decreased between Stations A/II
and 1/II while higher weight compounds (2500-2800) tended to stay-more
constant in the inshore stations and ‘decline.at Station 3/II. 'The
highest weight compounds.(2900 and above) were nearly constant at all

stations, at a low level (.02 ug/).



riTU

TABLE 1

HYDROCARBON ANALYSIS FROM STATION A/II: HEXANE ELUATE

Retention Index ug/2
16.00 .08416667
16.70 .02319002
17.00 .06710163

- 17.80 .06665742
18.00 .08033619
19.00 .13136097 ,
20.00 .15627582
21.00 19143122
22.00 ‘ .19353954
23.00 , .20014981
24.00 .19660663
25.00 .16080310
26.00 .13853007
27.00 .09488266
28.00 .08223306
29.00 .01931188
30.00

TOTAL 1.91



TABLE 2

HYDROCARBON ANALYSIS FROM STATION 1/II: HEXANE ELUATE

Retention Index ug/L
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

TOTAL 1.46
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TABLE 3

HYDROCARBON ANALYSIS FROM STATION 3/II: HEXANE ELUATE

Retention Index ug/2
16.00 .04854914
16.70 .01528983
17.00 .07392924

. 17.80 : .05494314
18.00 .04236468
19.00 .03915189
20.00 .03776490 ’
21.00 .05707923
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

TOTAL 1.02
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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 5-7, 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 hexafe. 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. A typical 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

and C-18 fatty acids were identified in each sample.
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TABLE 4
PRISTANE/PHYTANE RATIOS

Stations A/II 1/11 3/1I

PR/17 .3456 .3117 .2068
PR/PH - .3479 .3632 .2783

PH/18 .8298 1.243 1.297

-
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TABLE 5

ODD/EVEN PREFERENCE DATA, STATION A/II

No. of Carbons Percent Relative Percent Smooth OEP Value
Weight : Weight

- 16 . 4,624
17 3.687
18 4.414 5.207 1.099
19 7.218 6.845 1.106
20 8.586 8.594 . 1.066
21 10.518 9.888 1.058
22 10.634 10.578 1.034
23 10.997 10.692 .995
24 10.802 10.149 .955
25 8.835 8.930 .940
26 7.612 7.324 .921
27 5.213 5.620 .853
28 4.518 3.860 .726
29 1.280

30 1.061
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TABLE 6

ODD/EVEN PREFERENCE DATA, STATION 1/II

No. of Carbons Percent Relative Percent Smooth OEP Value
Weight Weight

16 4.863

17 4.102

18 - 2.831 3.687 1.202
19 3.950 4.154 1.138
20 4.943 5.539 . 1.083
21 7.568 7.547 1.013
22 10.057 9.617 .973
23 11.402 11.178 .963
24 12.716 11.811 .963
25 11.776 11.227 .985
26 9.914 9.567 .969
27 7.060 7.353 .905
28 5.526 4.993 .791
29 1.762

30 1.532
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TABLE 7

ODD/EVEN PREFERENCE DATA, STATION 3/II

No. of Carbons Percent Relative Percent Smooth OEP Value
Weight Weight

~ 16 5.096
17 7.761
18 - 4,447 5.202 1.328
19 4.110 4.504 1.142
20 3.964 4.796 . 1.112
21 5.992 6.031 1.001
22 8.089 7.552 .888
23 8.214 9.062 .850
24 11.502 10.319 .900
25 11.342 10.585 .990
26 9.779 9.563 1.019
27 7.965 7.752 1.016
28 5.605 5.718 .981
29 3.362

30 2.771
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TABLE 8

MAJOR COMPONENTS OF BENZENE ELUATES OTHER THAN n-ALKANES*

Retention Index Station A/I1 Station 1/II Station 3/II
1861 N.D. .074, .100
1949 .105 .103 .098

T 2071 - N.D. N.D. .145
2149 .121 .031 .033
2242 .071 .022 .060

2365 .246 N.D. .082
2453 N.D. N.D. £010

*Concentration is ug/%
N.D.-not detected



POLYCYCLIC AROMATIC

Compound

Cz2~-Naphthalenes
Cs;-Naphthalenes

Cy-Naphthalenes,
_Dibenzothiophene

Cs-Naphthélenes,
Methyl Dibenzothiophenes

C2-Dibenzothiophenes

Phenanthrene,
Anthracene

Methylphenanthrenes,
Methylanthracenes

C2-Phenanthrenes,
Cz2-Anthracenes

Ci-Phenanthrenes,
Cs-Anthracenes

Fluoranthene,
Pyrene

not detected
probably present

H

mass spectrum

TABLE 9

COMPOUNDS PRESENT IN THE BENZENE ELUATES

Molecular STATIONS
Weight A/11 1/11 3/11

156 N.D. P

170 N.D.

184 " N.D. T
198 N.D. T T
212 N.D. T

178 P P P
192 P T T
206 P T T
220 P P P
202 P T P

as indicated by mass chromatogram
trace quantities present indicated by mass chromatogram and
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TABLE 10

METHANOL ELUATE DRY WEIGHTS

Stations Weight mg/L
A/1L .02237 g .057
/11 - .01305 g .033

3/11 .00846 g .022



SUMMARY

The data from this mini-study has confirmed and extended previous
data obtained on smaller samples during regular BLM 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 (C2g3 - C39) hydrocarbons was observed. Such a distribution could
be explained if one assumes production/introduc;ion of hydrocarbons inshore
an& subsequent movement offshore. Preferential retention of heavy hydro-
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 some 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

tidal cycles is well documented.



CHAPTER TWELVE

FATE OF PETROLEUM-DERIVED AROMATIC COMPOUNDS IN SEAWATER
HELD IN OUTDOOR TANKS

Principal Investigator:

J. Kenneth Winters
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ABSTRACT

Two simulated oil spills (300 and 100 PPM) were conducted in 7000 £
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.

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 fractioms.
Aromatic compounds were partioned between dissolved and particulate frac-
tions with parent and mono-methyl compounds enriched in dissolved fractionms
while more highly methylated compounds were enriched in particulate fractionms.
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INTRODUCTION

When a crude oil is spilled or discharged into the marine enviromment
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 o{ 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 definitionm,
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
0il (or degradation products thereof) which enter the water column from
an oil slick weathered under ''matural" 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
Two identical circular fiberglass tanks (3 m diameter, 1.1 m deep)
were used for the study. The tanks (7000 % capacity) were fully exposed

to natural sunlight and wind conditioms. A cylinder (1 m diameter, 30 cm
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deep) was constructed from galvanized sheet métal 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 cont;ol tank which had been filled at the same time as the experi-
mental tanki 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 %) 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 cmoutside 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,

Quantitative gas chromatography analyses were carried out on a PERKIN-
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Key: A,B-Wooden framework
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- D-Adjustable length lines
E-Copper pipe siphon )
F-Crude o0il within cylinder
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Figure 1. Diagram of Experimental Tank.
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ELMER 900 chromatography interfaced to a HEWLETT-PACKARD 3352B data system.
Columns packed with 5% 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 chromatograph, DUPONT 21-491
mass spectrometer and DUPONT 21-094B data system comprised the GC/MS/DS
employed for this study. N -

Spill I was begun October 18, 1977 by addition of 2.1 % of an Alaskan
crude oil éo the cylindrical enclosure. This volume of oil was calculated
to have prgduced 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-
marily 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 £
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
6750 % 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 3£.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.

A 125-250 mg amount of each compound was weighed out and dissolved in



Figure 16 Identifier*

TABLE 1

COMPONENTS OF THE AROMATIC MIXTURE
PREPARED AND ADDED TO THE EXPERIMENTAL TANK

Compound

Rl vl ® 4l o H o o=H o = owm g oal wm

|

o-toluidine
2-methy1napht@aiene
2,6-dimethylnaphthalene
2,4-dimethylphenol
2,3,6~trimethylnaphthalene
fluorene

indole

l1-methylfluorene
dibenzothiophene
phenanthrene
l-methylphenanthrene
fluoranthene

pyrene

dioctyl phthalate

(not added to mixture, derived from
fiberglass tank)

* Figure 16 shows a gas chromatogram of the mixture with peaks identified

as indicated above.
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1.0 & of isopropyl alcohol. This mixture was slowly added to the pond
(6000 L) 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 ppt.

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 (ALCONOX). 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 o0il as high as the wooden support over
the tank which held the sheet metal cylinder. A small amount of oil did
sélash over the cylinder. Most of this o0il, 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

Table 2. Day 1 and 2 samples contained very low levels of alkanes which



CONCENTRATION OF DISSOLVED n-ALKANES AND ISOPRENOID HYDROCARBONS

RETENTION

To

ND = not detected

T

INDEX
1670
1700
1782
1800
1900
2000
2100
2200
2300
2400
2500
2600
2700
2800
2900
3000

tal

= trace

Day O

.003

.002

.002

.004

.002

.003

.002

.018

L&~

TABLE 2

DURING SPILL I, ug/4

Day 1
ND

.004

.002

.002

.002

.003

.013

Day 2

ND

.004

.002

.004

.002

]

g 8 3

.003

.015

Day 3

.006
.006
.008
.016
.026
.023
.027
.018
031
.016
.017
.015
.015
.004

.007

.235

Day 4
.015
.017
.014
.019
.040
.030
.035
.022
.032
.023
.019
.016
.016
.007
011
.003

.319
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TABLE 2 CONT.'D

RETENT ION
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 o004 .001
2900 .005 .005 .002 .001
3000 _.006 .004 ND ND

Total .175 .120 .091 .029
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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 Ci9 and C,3; were generally the most abundant in all samples taken

during Spill I.

- Disso;ved 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
with the others reaching a maximum by day 7. Highest absolute concentra-
tions (1 ug/l) 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 pg/% (0.88 + 1.03). The 7000 % of seawater
contained about 13.4 mg of methylnaphthalenes (7000 £ + 1.91 ug/&). Pre-
vious work in our laboratory found the concentration of methylnaphthalenes
in the Alaskan crude oil to be 1.4 mg/ml (Battertom et al., 1978) or about
2.94 g fbr the 2.1 2 of oil added. Therefore, the water contained less

than 0.5% of the methylnaphthalenes originally present in the added oil



Figure 2 Identifier

Major Component

TABLE 3 ,

CONCENTRATION OF DISSOLVED AROMATICS DURING SPILL I

)

A B c D E

Naphthalene 2-Methyl 1-Methyl C2-Naphthalene Cj-Naphthalene
Naphthalene Naphthalene

Secondary Component Biphenyl
Day 1 Conc. ug/f .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 A7 .15
(.22) (.27) (.29) (.41) (.40)
Day 20 - - - - -
Day 27 05 07 .09 .03 -

(.09) (.07) (.08) (.07) .-

¢T-C1



Figure 2 Identifier

Major Component

Secondary Component

F

Cz2-Naphthalene

TABLE 3 CONT.'D

G

Cs-Naphthalene

C3-Naphthalene

H

C3-Naphthalene *

Methyl-Biphenyl

I

Cs3-=Naphthalene

J

Cy-Naphthalene

Day

Day

Day

Day

Day

Day

Day

Day

1 Conc. pg/f
(Normalized)

13

20

27

(.08)

11
(.23)

.48
(1.0)

.35
(.73)

.24
(.50)

.19
(.39)

.03
(.07)

.01
(.05)

.05
(.21)

.24
(1.0)

.18
(.73)

.16
(.65)

.10
(.43)

.01
(.05)

.11
(.26)

.13
(.30)

.41
(1.0)

.30
(.73)

.28
(.67)

.16
(.39)

.03
(.07)

.25
(.59)

.42
(1.0)

.32
(.78)

42
(1.0)

.28
(.67)

.06
(.14)

€1-¢1



TABLE 3 CONT.'D

Figure 2 Identifier K L M N 0 P
Major Component Cs-Naphthalene Methyl C3-Naphthalene Fluorene C-Biphenyl Methyl
Biphenyl Fluorene
Secondary Component C3-Biphenyl
Day 1 Conc. ug/f .003 .01 .003 .01 - -
(Normalized) (.03) .07 (.03) (.07) - -
Day 2 .01 .01 .005 .01 - .001
(.09) (.10) (.05) (.08) - (.01)
Day 3 A1 .10 .05 .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 - -~ - .01 .01 -
- - - (.07) (.07) -
Day 27 - .01 .01 .02 .02 .002
- (.11) (.09) (.14) (.15) (.03)

=T _7T



TABLE 3 CONT.'D

Figure 2 Identifier Q R S T U \Y
Major Component Methyl C2-Fluorene Dibenzo- Phenanthrene Méthyl Methyl
Fluorene thiophene Dibenzo~ Dibenzo-~
thiophene thiophene
Secondary Component
Day 1 Conc. ug/% .01 - .005 .01 - -
(Normalized) (.03) - (.03) (.05) - -
Day 2 .01 .004 .01 .02 - .004
(.04) (.03) (.06) (.08) - (.04)
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 .05 .05
(.43) (.49) (.68) (.55) (.49) (.45)
Day 20 .02 .006 .02 .03 .02 .02
(.08) (.05) (.13) (.15) (.17) (.17)
Day 27 .02 .015 .04 .04 .02 .01
(.09) (.10) (.21) (.19) (.17) (.12)

—~— -
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TABLE 3 CONT.'D

Figure 2 Identifier X Y Z
Major Component Methyl Methyl C2-Phenanthrene C,-Phénanthrene
Phenanthrene Phenanthrene
Secondary Component C2-Dibenzo-
thiophene
Day 1 Conc. ug/f - .004 - -
(Normalized) - (.02) - -
Day 2 .002 .004 .002 .004
(.09) (.02) (.01) (.03)
Day 3 .18 .21 .12 .12
(.86) (.85) (.70) (.80)
Day 4 .15 17 .09 .09
(.72) (.69) (.53) (.64)
Day 7 .21 24 .17 .14
(1.0) (1.0) (1.0) (1.0)
Day 13 11 .19 .08 .09
(.55) (.79) (.47) (.60)
Day 20 .04 .05 .04 .04
(.20) (.21) (.22) (.28)
Day 27 ..04 .05 .03 .09
(.21) (.19) (.18) (.59)

9I-¢1



Figure 2.

Gas Chromatogram of Spill I, Day 3, Dissolved, Benzene Eluate on a .3 cm x 1.8 m FFAP
Packed Column. For Peak Identification see Table 3.

IT=7T



Spill I, Day 3, Benzene Frattion, Dissolved

»

...‘....,....|....,....‘....,....i.........l....,....'.._,._'_.,....l....r.T........'...,r...l

“~

100 15e

Figure 3. Total Ion Chromatogram of Spill I, Day 3, Dissolved Fraction, Benzene Eluate. Identification
of Peaks A-Z is Given in Table 3.

8T-CT
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Spill I, Day 3, Benzene Fraction, Dissolved
Masses 184

‘ 1 : ] ‘: L) ‘ . ‘ 1) ' 13 f! l T I 1

I
5o

192

Spill I, Day 3, Benzene Fraction, Dissolved
Masses 192

Figure 4, Mass Chromatograms From Spill I, Day 3, Dissolved Fractionm,

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.
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--8pi11 1, Day 3, Benzene Fractdon, Dissolved
Scan 75 ’

BKGRND 72

o 4 ;. il - '_'k;.h :
‘frTrI']‘l'I'T'l'['l‘l'l‘l'[ lf{l‘rlt‘lilll!:l—r

59 109 152 208 259

Spill 1, Day 3, Benzene Fraction, Dissolved
Scan 106
BKGRND 103

>

9

P 4 P 1 - l 1 ¢ N
lll]l[f}f[l’]l]l[I_:'lllllll[rl—‘r‘[l‘llll r‘[r‘erllll[1

50 120 1S9 202 252

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).
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3#1LL 1 DAY3 BEN. FRAC., DISS. FPEPEAT

SCAN $ 112
45

BKGRND 109

» N | jTjﬂ—rk# T
LR SR A B S I L L L L B R R T

9 s 100 150 = 5o

BPILL 1 DAYl BEN. FRAC., DISS. REPEAT

L : scAaM ¢ 136
EKGRMD 133
: a

JT DU X ﬂ L&

J P | e I, -
Illlrllrrflrilll'II[’.Irrll[llllrl'lFTlIllll_r'rIll[l]

9 59 120 150 2ee 250

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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For

Gas Chromatogram of Spill I, Day 3, Dissolved, Benzene
Eluate on a 20 m SP1000 Glass Capillary Column.

Peak Identification see Table 3.

Figure 7.
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(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 naphthalenes 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
r;pidly 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 207%. 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,
« - 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
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 0.02 ug/% on day 2 to more than 3 ug/% on day 3. The composition of

particulate hydrocarbon in the water was also drastically altered between
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DAY
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\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=C,-Naphthalene, S=Dibenzothiophene,

T=Phenanthrene.
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EXF. POND DAY 3, MEOH

TSCANS E53 HRDCPRY  NO
.SCRLE 19  REZERO YES
BRSE 26783x2xx 4

lfrT.[l;l‘-ll!rl.]T!T]l‘TrillllTTT7|lllrl
129 1S9 2% 250

E#P. POMD DAYy 3, MEOH

BKSRND

R N S S AL UL S S B BN B UL B L L L R L I I B I I B I

4

NJ So 190 159 =1 250

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/%)
I Acetophenone 0.3 -0.8
IT a-methylbenzyl alcohol ’ 0.3 -0.8

T OIIX . Unknown biogenic, MW = 286 0.0 -1.2
Iv . Unknown biogenic, MW = 286 0.0 - 1.0

\J Dioctyl phthalate 0.7 - 24.6



1si=4/

;“I"];'lﬁ'!"i-l.‘;. | X . .rl.ll::xlr[T‘-l[.[rflxl[rlrIr
J S iS2 200 1

ExP. POND DAY 3, MECH

BKGRND 1S5S

Figure 10. Mass Spectra from Spill I, Day 3, Dissolved Fractionm,
Methanol Eluate. Mass Spectrum of Scan 38 (Component B),
«-Methyl Benzyl Alcohol (above); Scan 163 (Component C)
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TASLE 5
HraVvy AYOwUCARRAON ANALYSIS = STIOCS =« 1977
PARTICULATE
PLFE Ty2F ¢ xAT
2LF CJUE ¢ EXxv+w, Experimental Day O PERIOD ¢ MINI=STD
ATIDN ¢ STATTON = 1} LINE =1

HEXANF ELUATE

RETETINw  CONCENTRATION  RELATIVE AT,

T uF X (UG, /L.) PERCENT

2134 4221 19,64

21447 L5524 25.22

P2 REARCYIR I 2N ,A2

2348 « 3527 23.36A

29 1) LANTan 13,77 .
TATAL L2274

TAT AL A,APIAA
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TABILLE 6

A€avy HYDROCARKON AMALYSIS = STJICS = 1977
PARTICULATE
SawR e TY2E MAT
S1.8LE FODE i Exv2, Experimental Day 2 PERIOD : MINI=STOD
Locafiny ¢ STATION « 1 LIME =1

HEXANE ELUATE

ETESTION  CUNMCFMTRATION  RELATIVE AT,

TUNF x (LG,/L.) PERCENT
1749 CARU27 22.14
21,_! ."4ﬂQQ2 2‘3.8“
2% A LUBURA 25.32
23 L2l 17,94
22U ol dty 24,79

TaTAL «N1929

TITAL A RNAAR
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TARLE 7

FYDRNCARACH BMALYSTS = STICS - 1677
PARTICULATE

e aaT

! X113 Experimental Day 3 PERIND ¢ MINI=STD

STatjor = 1 LInE =I

HEXANE FLUATE

CONCENTRATINN RELATIVE AT,

(UG, /L) PERCEWNT
. 129N 3.5°2
16272 5.27%
. 12811 d4.14d
«215v@ 6,95
. NALYE T 3.3%9 .
23600 7.63
<2330 7.53
J23UAG A.59
16624 5.33
. 19843 A UG
s 16RAY S.43
« 1485y 44,69
L1200 3.34
e 138w 4,36
o 1 X50F 3.309
7ML A 2.27
I I NN 3.75%
e 118y 3.%1
13600 4.39
LNUSEA 4,69
«19Qp 3,22

3.4G947:A

VoMt i



TARLE 8

~EAVY RYOROCLRRQH AMALYSIS = STGCS = 1977
PARTICULATE
SavPLe TYSRF 3 o wmaT
SAveF COdE : Exed4, Experimental Day 4 PERINN ¢ MAINT=STD
LecaTTo ¢ STATIOM - LINE =]

HEXAME ELUATE

wFTENTION COMCENTRATION RELATIVE 4T,

[DEX (tig./L.) PERCENT
167 % .77G964 4,72
Lres ~ .1 dNy 6,14
17 40 .12RUR 7.55
1772 «ATS52 4,45
147¢ e 15220 2.85 .
1954 L1U720 R.67
2444 1318w 7.73
2144 .111')“ 6.55
224 11770 6,98
2340 11192 6.5%
24 %A . 29537 S5.62
2R A AT UG 4.39
2mitl CHRUKY CPRLY
2743 +AS99y 3.53
2wy L NUG2 2.61
20 4 RN W 2.h0
7 ot «Ph520 3.35
317 e AT YN 2.21
33 4, LAIS3Y «97
3304 <1914 1.13

ToTag 1,6948n1

TTag AGAEGD
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TABLE 9

AEAVY mYDOWUCARRON AMALYSIS = STOCS = 1977
PARTICULATE
Qavw FE TYPF ¢ xAT
Sa=vE Cue ! #x27, Experimental Day 7 PERION : MINI=STD
LacaTlIn< ¢ STATINW = 1 LINE =1

HEXANE FLUATE

SETENTION  COHCENTRATION  QELATIVE AT.
| IVDEX (UG. /L) PERCENT
{574 L1386 LU
L6 a LOTT10 2.21
156R < .152va 4,37
17 20 LLaRAR 4,25%
1772 125723 3.59 .
18 L17922 5.14
130, .19204 5.52
24 L18R3A S.44
2114 17583 5.93
20 1 . 1RSSO 5.31
23 L17540 5,23
2440 Llolnad 4.63
254 R 4,31
PR L1799 S.td
27 4 L1672 4,51
213 1y . 1RO 3.12
259, L3600 3.91
3455 128772 3.68
31 7. L2060 7.27
PR 234729 6.61
I & S 37637 19,84
TATAL 3.,482392

TOTag BT
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TAagLE 10

HEAYY HYDRGCARRAN AMALYSTS = STOCS = 1977
PARTICULATE

SaoLe T e

SAsPLE Cau Ext4 , Experimental Day 14 PERIOD ¢ MINI=STD

LOCaTT3~ ¢ 3TaTIod = 1 LINE =1

inm
se os

HEXANE ELUATE

QETENT [ON CNNCEMTRATION RELATIVE wT,

THEX (UG./L.) PERCENT
1A53 L6760 3.53
1732 .Au324 2.52
1772 <6343 3.32
15413 WO TTA 3.54
1942 20610 3.45 .
2N AA »PA6840 3.57
2144 LA615D 3.21
2214 <7517 3.92
2394 . ATRGN 4,12
R RTRE TRUAD 4,22
2944 .ARSAR 4,43
DA JVQp214 S5.%3
2742 17217 5.33
2R « 716184 3.21
2% 4 «ART792 4,59
3t n A J17102 R,93
31 4 . 231727 12.47
1209 e lmUA a,57
355 23727 12.38

TaTaL 1,61432

TaTaL iy P AIA )
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TARLE 11
HEAVY AYDROCARRON AMALYSIS = STOCS - 1977
PARTICULATE
SavPLE TYPE ¢ ~aTvT
S4-8LE CUDE ¢ £x?4, Experimental Day 20 PERTION ¢ MINI=STD
LOCATINN ¢ STATION = Ling =T

FEXANE ELUATE

RETENT O CONCEMTRATION RELATIVE wT.

IuNEX (G, /L,.) PERCENT
16618 « 25914 7.24
1734 cU16Y S.14
1772 ulbAN S.74
1344 26197 7.46
{923 JHRTUA 14,71 .
204 L6462 7.92
21 44 . 14297 5.26
2232 o AUARMKA S.6d
2319« . 14S49 5.56
214 3 A3 2u 3.82
2594 endn 2,99
2hAA JAZAUA 3,7%
2772 AP UBAY 3.22
273 A L1832 2.24
2922 « 25349 3.16
3444 «¥3934 4,388
3L «23022 4.89
32 M4 LA4n99 5.54
33119 U262 S.22

TOATAL «31592

TOT AL AgAG AR
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TABLE 12

HEAVY HYDRDCARROM ANALYSIS = STOCS - 1977
PARTICULATE
SawaF TYRPE ¢ maAT
JavPLFE CUJdE ¢ Ex27, Experimental Day 27 PERIOD ¢ MINI=STD
LACATTION ¢ STATTG™ = 1 LInNE =1

REXANE ELUATE

RETFENTION CONCENTRATION RELATIVE wT,

T:1DEX (UG./L.) PERCENT
1644 LAUUTA 163
17h3 . 14A3R 5.11
17 %% .14d5ap 5.29
1772 . 126419 4,59
1324 . 196029 7.15 P
1902 : 21524 7.84
21 A .2A5NA 7.48
2144 .1742A4 6.35
22349 e 18239 6.56
2344 L1630R 5.94
U3 14302 5.21
2554 .11804 4,32
2h 1 12502 4.56
2747 .AQ24 3,37
2R A ' cATSHN 2.74
29314 LAT7T11 A 2.59
3447 s 16RAR 6.13
3144 .2394@2 8.72
222 12202 4,45

Tarag 2.74222

TOTAaL AR A
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TARLE 13
HEAVY HYDROCARRQON AMALYSIS = STOCS = 1977
PARTICULATE
Sa+PLE TYRPE ¢ w~AT
Sas2_g CUDE t CPu7, Control Pond Day 7 PERPIOD 2 MINI=STD

LOCATIOy ¢ STATION - 1 LINE =1

HEXANE ELUATE

RETENTIOAN CONCENTRATION RELATIVE wT,

INDEX (UG./L.) PERCENT
1668 .V}Rma 20&“
1723 JNUB9D 2.52
1772 . 15480 2.73
1304 e 35144 4,91
1942 12722 6.82 .
2422 11580 6.18
2144 .l2une 5.59
2242 JNAAR S.69
23%4 <9981 S.36
2471 «?9132 4,99
254 +ARAREA 4.76
cha . 2945 5.38
AT A4 JATUD S 4,22
29173 .eS5179 2.78
2944 LARL3A 4,37
3324 13900 7.47
3144 .19RCH 12,64
3243 L17UnR 9.35
33242 78929 4,79

TOTAL 186140

TATAL ,ARRAN



12-37

TABLF 14

HMEAVY HYDROCAMRON AMALYSIS -« STOCS = 1977
PARTICULATE
SavPLE TYPE ¢ AAT
SavwmBLE CGDFE ¢ CP14, Control Pond Day 14 PERIOD : MINI=STD
LACATION ¢ STATION - LIME =]

HEYANE ELUATE

RETEVTION  COMCENTRATION  RELATIVE wT.

TNDEX (UG./L,) PERCENT
1nn3d . A337 2.94
17,4 JAAUTRA 4.17
1772 S 12 4,47
1844 L2782 6.83
1974 SARTUD 6.49 ’
2440 LAVR13 7.1
21 10 .22911 7.95
22 A JMIRATN 9.34
2% 42 JEZBRT2 7.61
240n .ANg72 4,99
25 .11 L AVsUN 4,71
ef,."lgo_g .‘.1}386 3.37
272 JARPT2R 6,11
25 4 621 S.42
29 47 JPREM 7.51
T A LT8R 6,84
32 A JAPUTT 4,13

TOTAL - 11454

TiTAaL DR
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TASLE 15
HFEAVY HYDROCARRDN ANALYSIS = STOCS = 1977
PARTICULATE
~aT
C224, Control Pond Day 28 PERIND : MINJ=STD

A2 LE CUDE

RETEATION
1uNEX

17 %%
Tma
194.4
2 Ad
2144
2201
2342
2444
2514
27 11

TOTAL

ToTAL

:
S

TATTON - 1 LT&E

-1

REXAME ELUATE

CiCENTRATINN
(UG, /7L,)

. 22824
« 3117
. 1555
. VA549
« AUST7 A
e AW 12
«A527
.AN333
«v'SH2H
. 11329

.11379

#oununa

RELATIVE «T,
PERCENT

7.24
14.15
4,843
4,82
5.21 .
3.62
4.63
3.37
49,39
2.89
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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 C;3 and C33; superimposed on a background of petrogenic hydrocar-
bons. Samples on days 7, 14, 20 and 27 exhibited concentrations of pris-
tane which were similar or greater than n-C;;. Pristane and phytane values
are identified in Tables 5 through 26 by retention index of 1668 and 1772, .
respectively. Phytane/n-C;s 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
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
(Z.e. mass chromatograms).

Figures 11 and 12 demonstrate this technique as applied to the day 7
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-
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TasLE 16
“4FAvYY HYDROQCARSON AMALYSIS - STOCS = 1977
PARTICULATE
SAa4PLE TYRPE & AHaAT
Sa~ePLE CINE t EXAA] Experimental Day O PERIOD ¢ MINI=STD

LICATIAN 3 STATION - 1 LINE =TI

HEXANE ELUATE RENZENE ELUATE

RETESTION COMCENTRATION RETENTION CONCENTRATION

[VueX (UG, /7L.) INDEX (UG./L.)
1751 01520 1795 .27578
2490 L0221 2153 «A6ULD
2234 <2136y 2172 . 24877
2125 AS24 2RAL <1142
224% L AU 6 3167 F 12522
2344 .A527 3246 .A24529
2642 27393 3296 . 20922
3259 21234
3157 cARRUA
334hm 25394

TATAL 12372 TOTAL « 42933
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TARLE 17

HEAvY HYDRNOCARRON ANALYSIS = STOCS - 1977
PARTICULATE

SAavOLE TYPF ¢ ~AT
Sas2 £ CUDE ¢ EX42, Experimental Day 2 PERIND ¢ MINI=STD
LACaTIdN 3 STATION = 1 LINE =1

HEXANE ELUATE BENZENE ELUATE

RETENTION CONCENTRATION RETENMTION CONCENTRATION

TNDEX (UG./L,) INDEX (UG./L.)
174 JARU27 1847 21322
1754 .12159 1861 <ANBAT
21714 JHnan2 2167 SA1742
2342 .AUu8s 3274 LAUA69
23554 LAv211 3175 L« ADRAK
2949 CdAaRy 3371 «A3AVG
3164 .1181@

THTAL .ASR89 TOTAL 11433



12-42

TABLE 18
HEAVY HYDROCARAOM ANALYSIS = STOCS = 1977
PARTICULATE
Sa+#elLe TYPE ¢ ~AT
Sa~®LE CINE * EXA3, Experimental Day 3 PERIOD & MINI=STD

LOCATION ¢ STATION = 1 LINE =1

HEXANE ELUATE RENZENE ELUATE

RETENTION CONCENTRATION RETENTEON CONCENTRATION

14DEX (LG, /7L,) INDEX (UG./L.)
1423 29210 19@1 . 32508
15712 14920 2168 ,A1357
1553 .A149A 32935 « 23072
1523 « 16292

1622 452942 ,

1n6R .1284n

17493 .215ud

1755 L8790

1772 .141532

143 23631

1554 L1hR0NA

1283 «A1772

1944 L2330

1941 JAUATA

1935 13601

2.4 L2403

2433 . 73584

2249 LATHUAR

2144 16590

2134 sAlHTA

1 2245 . 19RAA

2225 V18R

2251 JhTed

23 ) 16822

2323 A1 RUNA

2352 03317

2474 . 145042

243n 1492

2453 72153

2504 L1020
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TABLE 18 (CONTINUED)

2553 +A185
2h AN . 13540
2hhu <2952
2740 .lasan
2844 LT
2934 11602
3244 +»11RAA
3144 13642
3151 « AS4SHN
3249 . 14592 -
3329 L9960
3572 VLK ¥iY7

T3TAL 4.,13419 TOoTAL «AUH28
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TARLE 19

~EayyY HYDROCASRON ANALYSIS « STOCS = 1977
PARTICULATE

SavpLE TYPE  ™AT
SavwPLE CUNE 3 Exwi, Experimental Day 4 PERIOD ¢ MINI=STD
LOCATION ¢ STATING = 1 LINE =1

=EXANE ELUATE RENZENE ELUATE

RETEMTION COMCENTRATION RETEMTION CONCENTRATION

TNDEX (UG./L,) INDEX (UG./L.)
16534 .17967 1994 «A1122
15814 VSR 2112 «21252
1hhH , . 12424 2168 17102
1743 12800 2204 .n4A3Q
1753 .A3U7D 235+ ,e 212074
1772 . A7557 2483 «71589
1844 15022 2723 <1113
1453 .A9440 2756 . 22825
1943 .14742 2874 .2382172
1941 « 772987 2862 . 2789
1935 LARQRPD 2893 .23732
220 13190 3AN0 «A1497
2134 LA64S 3158 .A2753
2249 LA1730 3345 «ATUTA
231 s AN202
214 11102
2133 Sr2t1an
2244 . 11774
225 L ASAYA
2344 11102

! 2354 JH1RARNY
2447 . 495372
2452 LVi2hBD
25 4. AT
2604 LABUAA
2650 . 1224
2744 ."5992
27714 LARET
2942 o4
2n15 . hAdS2
2314 AL B
LR CHS 2D
L B « 23742
3141 1369
32447 L1530
335 L1914

TATal 2.aR227 TOTAL «hBASH
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TARLE 20

SEAVY HYDRNOCARROM ANALYSIS = STOCS - 1977
PARTICULATE

SAMPLE TYPE & 4AT
S4YPLE COOE ¢ £xv7, Experimental Day 7 PERIOD ¢ MINI=STD
LOCATTON ¢ STATION = | LINE =1

HZXANE ELUATE RENZENE ELUATE

RETENTION CONCEMTRATION RETENTIOM  CONCENTRATION

INDEX (UG./L,) INDEX (UG./L.)
1544 «B1382
1634 L7710
1619 : LAUQ2R
1664 15200
173 o lu80 .
1753 .R7899
1772 « 12500
1A2A «17922
1456 6902
19454 19290
1941 e YTV
1955 <2174
203G «1RAUA
2484 s AURTY
2149 « 25248
2lad «1759¢
2131 .11592
2244 . 18573
2249 L3912
234 . 175822

! 2327 «*1872
2384 .43/
Py 16180
2434 1882
2451 «A27T72
2534 15002
2521 «11254
2555 e 73194
Phiia .1 79AR
2658 «N3753
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TABLE 20 (CONTINUED)

27 a4 . 158721
2A% 178004
2AT4H L33AN
2934 13602
3a49 o 12802
3152 e 152402
3142 L2UhADP
31465 BTHLA
32121 232U
3342 37642 -

TaTAL 4,26129 TOTAL ¥.30002



TARLE 21

HEAYY HYDSOCARSOM anNALYSIS = STOCS = 1977
PARTICULATE

SAMPLE TYPE ¢ #AT
S4+PI_F CJJ)E ¢ EX14, Experimental Day 14 PERIND : MINI=STD
LOCATION 3 STATION = LINE =1

SEXANE ELUATE QENZENE ELUATE

SETENTION CONCENTRATION RETENTEION CONCENTRATION

TMDEX (UG./L,) INDEX (UG./L.)
1513 L2922
1463 sP6THA
1744 LHUR2D
1753 Lrd14da
1772 « 364
1H2a «AHTTA
1334 21U
1857 «1333
1335 LAY A
19393 6617
1943 L0712
2V A L6847
2135 e A3NTA
2140 «R152
2134 LAY
22 AU « 78112
2344 LATE9R
2352 «A11TA
22U «ZRMAA
243%d «RES25

. 2451 L0296
23542 ‘ L ARS8
2h 40 « 79627
2662 L1559
2714 L1224
2759 X7 B
2RGu C .A6152
2876 «N16243
23 L8799
A0 17149
349 . 336972
ISRE L2317
31h3 . ARUGH
2243 164002
334, 237000

TAT AL 2.31311 TOTAL A,22002
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TARLE 22

NEAVY HYDRNCARARON ANALYSIS - STOCS = 1977
PARTICULATE

SAYPLE TYPE ¢ wAT
SAMPLE CJDE ¢ EX29 | Experimental Day 20 PERIOD : MINI=STD
LOCATION ¢ STATION = LINE =1

HEXANE ELUATE BENZENE ELUATE

RETEZNTION CONCENTRATION RETENTEON CONCENTRATION

ITMDEX (UG, /L.) INDEX (UG./L.)
1AL9 2172 19s8 «.A1142
1647 . AES521 2A87 «32212
1658 75919 2134 .24712
1724 24169 2276 .22322
1754 L2172 2483 ,.W097Z
1772 .AUBRA 2h15 «.21152
1834 + 26797 2657 «AA642
183449 13208 2865 «82792
1944 #JUATUR 2939 «AA63S
1957 «7"5512 3239 «A1218
2353 wibdhA
21249 10623
2149@ . AU29Y)

2274 «Adb6a
2254 6267
234 LNUSHR
2353 a1 169
24434 sR3124
2452 .1383¢
25443 sV2ULA
' 2547 e AN299
2612 e A32U40
2456 22720
2744 22462
2769 Hd266
2RIA .A1832
2R57 «ABU2R
2944 2542
2949 .23399
Zray . 13QRA
3458 S i2 781
3paR «¥3927
3222 LAULG9R
3344 U264
3417 . A191 6

TOTaL 1.,34810 TOTAL « 15559



TABLE 23

REAVY HYDROCAREON AMALYSIS = STOCS = 1977
PARTICULATE

SAvPLE TYRPFE ¢ w~AT
SavRi g CODE ¢ £x27, Experimental Day 27 PERIOD 2 MINI=STD
LOCATTON @ STATIOM = 1 LINE =1

HEXANE ELUATE SENZENE ELUATE

RETENTICON CONCEMTRATION RETENTION CONCENTRATION

1DEX (LG./L.) INDEX (UG./L.)
1642 L20472
1o19 VU492
1663 e 141G
1739 . 14S5AY
1751 « 6925
1772 . 1246000
tANY <1960
1RS1 L1UARY
19244 221540
1937 11657
1954 L4133
2l . 2RA5AR
2134 4152
2249 16367
21 a9 .17“3"5
2129 «1119¢
2Pa « 180
2247 A341R
2344 . 16307
2327 21114903
. 2349 « 11567
244 14300
2454 N RY-Y2
25323 »118¢4
Dk A 12501
255% o292
274 o924
2767 J164n
2R 44 TS WY
2947 AT R
314 o lERUD
3242 «IGTGH
31 54 . 23907
3151 L7627
3227 S el
32R3 «A377

FOTAL -‘.513153 TDTAL 0.89@@2



TABLE 24

~E4VY HYDIQCARSOMN AMALYSIS - STOCS - 1977
PARTICULATE

SAMPLE TYPE ¢ sAT
SasPLE CI2E ¢ CPZ7 Control Day 7 PERTIOD ¢ MINI=STD
LACaTION ¢ STATION = 1 LINE =T

HEXANE ELUATE QENZENE ELUATE

RETENTICN COMCENTRATION RETENTEON CONCENTRATION

TNDEX (UG./L.) INDEX (UG./L.)
15563 .3A0naA 2252 1269
172 A .AUK9A 2449 . 127332
1748 LRU28Y 2585 .B30A5172
1772 . 4S53RV 3389 .33402
1242 A RN
1855 L8897 ’

1483 1364
1944 « 12749
1342 LNGToU
1957 L2314
2 A0 1150w
2154 23T
2132 s lngnn
2133 LAATUT
227 o 174622
2251 e1273%
231 .99
2329 LR
2352 et adn
2444 .91 30
I P45 131832
2% .14 JABRKY
2555 .71980
2510 LNQuse
2697 : 2T U
2724 o AT40A
2771 .N1172
2R «"5172
2RT7hH LARQRA
273 2 «AB1 3R
3410 L1390
LIRT 132
3L . 193173
3103 AT
3244 L 17422
3344 LViRI24Y
31344 L2 A

1T aL 2.3A847 TATAL .17872
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TARLE 25
4E£aVY HYDROCARARNN ANALYSIS =~ STOCS = 1977
PARTICULATE
SaM2PLFE TYPE 3 ANAT
SA¥RPLE CIODE ¢ Coid, Control Day 14 PERIOD ¢ MINI=STD

LICATION @ STATION = 1 LINE =1

HEXSNE ELUATE BENZENE ELUATE

RPETENTION COMCENTRATION RETENTION CONCENTRATION

TuDE X (UG, /7L.) INDEX (UG./L.)
thnd L2R337 1838 23191
1742 .ap478 1854 AUz
L74% ALARA 1914 22223
1772 L0512 1964 «23732
1820 LCATR? 1998 . «R3322
1817 LAULLY 2424 LGN822
1991 JARTUS 22484 22938
2inaA <72W813 2135 .14302
2349 JAURN2A 2179 « 12583
2134 L7911 2193 «N1152
2244 LALBTO 22173 .22972
2251 .N28d¢a 22148 «.A1332
2323 .A2872 2269 .A0217
24 AaA JAN8T72 23454 26497
2082 L2214 2355 «673932
2544 .AUSU? 2331 “A6189%
2h A .AA386 2411 .A26A7
255n .N1569 2464 «dAS3U
2712 A7 A% 2573 .23147
PAAA L2621 2575 L2512
2R37 L8512 2622 27032
2934 JANBARA 2641 .A1682
314 72784 2635 21347
3222 LAPUTR 2715 .32378

2774 . A3584
2R28% LA1197
28732 20912
2956 .A1292
3211 L?2172
3254 cAA6773
3177 . 24693
3214b . 78352
32RA .45639
3335 79,73442

TAT AL .27636 TOTAL 81,91828
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TARLE 26

HEAVY HYDROCARSIQON ANALYSIS = STOCS = 1977
PARTICULATE
SAMELE TYPE ¢ AT
Sawwi £ CIIE ¢ CP24, Control Day 28 PERIOD ¢ MINI=STD
LOCATTION @ STATION = 1 LIME =1

HEXANE ELUATE BENZENE ELUATE

RETENTION CONCENTRATION RETENTiON CONCENTRATION

TNDEX (UG./L.) INDEX (UG./L.)
1413 L2342 1794 24542
1742 s AAA24 1R49 . 32532
1313 L1617 1899 .AAUR9
1R4e . 19302 2492 .318090
1942 .AN555 2752 ", 34792
2474 .A1549 2272 .A1810
PEEE: .19630 2195 .22449
2144 LIASTA 2127 L2647
2213 LY P 2162 .23522
2250 12429 2299 1,21%22
2349 LB8527 2233 .15724
2351 s A AU2H 2262 «A2R1A
2uag SANIRI 2312 .A1642
2453 17659 2352 .26372
2542 L5627 2416 .365€7
2549 LART63 2439 L6127
2554 .A5272 2482 .21933
2769 .AN329 2552 N1A6A
2745 Lra8y 2624 22531
2359 .02731 2655 .A1647

! 232 : .A54973 2827 «A331%
5455 #3187 2R67 .B2579

3119 LA96T0 3453 .A2992

3339 . 15667 3157 32102

3293 L7115

TATAL 1.76824 TOTAL 2.97886
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SFILL L DAY 7, PART. BENZEMNE

2SCANS 200 HRDCPY  NO
LSCALE 1909 REZERC YES
PASE 12535xexx @

l‘lllrfllil‘rll]llilrllrl]’l]l‘f'lllirll[

Q 52 100 152 200

Day 7, PART. BENZEMNE

178, 2, 3, 2

2@ HRDCPY NO

10@ REZERC YES
288x2xx @

WWWMU

"'l‘_'rT"r‘!_r‘lI—‘l"r'T—l"‘i-r-‘l‘"llnll LIRS RANLUNY AL (AL AN B
se 193 152 2929

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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DAY 7, PART. BENZENE

ise, 2, 2, Q

200  HRDCPY NO

100 RETERO YES
47T9Exx 2

llfllll[lll'lrl]’(erl‘riI]—
Q S8 100 15@ 2990

PILL 1 DAY 7, PART., BENZENE

MSSES 2986, 9, -}
FSCANS 209 HRDCPY NO
SSCALE 109 REZERO YES
ZASE 47B8xXSLX Q@

r[ ¥ } L) I Ll I * l L) I—l l T ] ] l T ' 1) [ 1 ]’
109 150 299

Figure 12. Mass Chromatograms from Spill I, Day 7, Particulate
Fraction Benzene Eluate. Chromatogram of m/e=192,
Methylphenanthrene (above); m/e=206, Dimethylphenanthrene
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thiophenes. The relative proportions of parent compound, methyl-, and
dimethyl- and trimethyl- 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.

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 % 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.

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.



TABLE 27 ,
CONCENTRATION OF DISSOLVED AROMATICS DURING SPILL II

Figure 2 Identifiers A B C D E F

Major Component Naphthalene Methyl Methyl Ca Cz Ca
Naphthalene Naphthalene Naphthalene Naphthalene Naphthalene
Secondary Component Biphenyl
Day 1 Conc. ug/f .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)
Day 3 .045 .105 .123 .072 .198 .090
(.71) (1.0) (1.0) (1.0) (1.0) (1.0)
Day 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 - - - - - -

nc 7T



TABLE 27 CONT.'D

Figure 2 Identifiers G H I J K L
Major Component C, Cs Cs Cs Cs Methyl
Naphthalene Naphthalene Naphthalene Naphthalene Naphthalene Biphenyl
Secondary Component Cs Methyl
Naphthalene  Diphenyl
Day 1 Conc. ug/k .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

I1C=7T



- TABLE 27 CONT.D !

Figure 2 Identifiers M N 0 P Q R S
Major Component Cy Fluorene C2 Methyl Me&hyl‘ C2 Dibenzo-
Naphthalene Biphenyl Fluorene Fluorene Fluorene thiophene
Secondary Component Cs
Biphenyl
Day 1 Conc. ug/% - .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

- (020) - - - (-53) - (-54)
Day 23 - - - - .038 - .015

- - - - (.48) - (.28)

{C-71



- TABLE 27 CONT.'D !

Figure 2 Identifiers T U v W X Y Z
Major Components Phenan- Methyl Methyl Methyl Methyl " Ca C2
threne Dibenzo- Dibenzo- Phenan- Phenan- Phenanthrene  Phenanthrene
thiophene thiophene threne threne
Secondary Components C2 Dibenzo- C2 Dibenzo-

thiophene thiophene

Day 1 Conc. ug/% .012 - - .009 .009 - .011
(Normalized) (.20) - - (.21) (.32) - (.37)
Day 2 .015 - - .008 .010 .003 .003
(.25) - - (.19) (.36) (.27) (.10)
Day 3 .037 .010 .008 .017 .020 .008 .030
(.62) - - (.40) (.71) (.73) (1.0)
Day 4 .041 .009 .005 017 .017 .008 .015
(.68) - - (.40) (.61) (.73) (.50)
Day 9 .06 015 .008 .043 .028 011 .015
(1.0) - - (1.0) (1.0) (1.0) (.50)
Day 15 .032 - - .027 .018 - .017
(.53) - - (.63) (.64) - (.57)

Day 23 .022 - - 020 .015 - -

(.37) - - (.47) (.54) - -

AC=-7T
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Although only a third as much o0il 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. Cz-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

i 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.

Particulate Hexane Fractions

The trace amounts of n-alkanes seen in a few samples were primarily

odd carbon numbered hydrocarbons in the C;g-C23 range.
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TABLE 28

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 X X
Aromatic Mix, Sediment 24 X X X
Spill II 4 X X
9 X X
15 X X
23 X X X
Residual 0il 43 X
Residual 0il 79 X
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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 Cs3- substi-~

tuted compounds were present in the highest concentration.

Particulate Methanol Fractions

The only identifiable compounds present in the methanol fractions

were phthalates.

Residual 0il (Tarball) Samples, Spill II

Hexane Fraction

The day 43 and 79 hexane fractions gave similar chromatograms with

n-alkanes prominent from C,; to C3; (Figure 14). The pristane/n-C;;

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- dtbenzothiophenes. Di- and trimethylnaphthaienes 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 ppt.
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

and particulate samples are given in Table 29. Data from these samples
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PILL 2 RESIZUAL CIL, DAY 43, BENZENE

$SCAMS 200 HRDCPY NO
LACALE 100 REZERO YES
ZRSE is7oexexx 1
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SPILL 2 RESIDUAL OIL, DAY 43, BENZENE

"MNISES 192, 2, 9, -]

ZTANS  2¢0 HRDCPY NO
%SCALE 10@  REZERO YES
ERSE 3B41x2xx Q
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Figure 15, Total Ion Chromatogram of Spill II, Day 43, Residual
0il, Benzene Eluate (above). Mass Chromatogram of m/e=
192, Methylphenanthrenes (below).
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TABLE 29

VARIATION IN CONCENTRATION OF ADDED AROMATICS

Dissolved Particulate Total
ug/% % of 1 H ug/f % of 1 H Diss/Part ug/ft Z%Z of 1 H

Sample
o-Toluidine

1 H! 10.0 98 0.2 2 10.2 100
0.5 D2 8.7 85 - - . 8.7 85
1D 9.0 88 - - 9.0 88
2.D 4.5 44 - - 4.5 44
4D 3.0 29 - - 3.0 29
8D 1.4 14 - - 1.4 14
24 D T - - T
2, 4-Dimethylphenol
1H 12.3 100 - - 12.3 100
0.5 D 8.7 71 - - 8.7 71
1D 9.2 75 - - 9.2 75
2D 3.7 30 - - 3.7 30
4D 2.8 23 - - 2.8 23
8D 0.4 3 - - 0.4 3
24 D - - - - - -
Indole
18H 18.6 100 - - 18.6 100
0.5D 8.9 48 - - 8.9 48
1D 7.6 41 - - 7.6 41
2D 0.5 3 - - 0.5 3
4 D - - - - - -
2-Methylnaphthalene
1H 29.1 92 2.5 8 11.6 31.6 100
0.5D 29.0 92 0.9 3 32.2 29.9 95
1 D 28.9 91 0.8 3 36.1 29.7 94
2D 18.3 58 0.2 1 91.5 18.5 59
4D 20.5 65 0.2 1 102.5 20.7 66
8D 8.6 27 0.1 0 86 8.7 28
24 D 0.2 0.6 - - - 0.2 0.6
2,6-Dimethylnaphthalene
1H 27.5 82 6.0 18 4.6 33.5 100
0.5D 27.4 82 2.3 7 11.9 29.7 89
1D .26.1 78 2.2 7 11.9 28.3 85
2D 16.4 49 0.6 2 27.3 17.0 51
4D 16.9 50 0.7 2 24.1 17.6 52
8D 7.3 22 0.3 1 24.3 7.6 23
24 D 0.2 0.6 -~ - - 0.2 0.6
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TABLE 29 CONT.'D
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TABLE 29 CONT. 'D

Dissolved Particulate Total
ug/t % of 1 H ypg/f % of 1LH Diss/Part ug/f 7% of 1 H

Sample
Dibenzothiophene
1H 24.5 70 10.6 30 2.3 35.1 100
0.5D 26.0 74 5.5 16 4.7 31.5 90
1D 23.8 68 4.9 14 4.9 28.7 82
2D 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
24D 0.9 2.6 - - - 0.9 2.6
Fluoranthene
1H 9.7 27 26.8 73 0.4 36.5 100
0.5D 15.2 42 16.1 44 0.9 31.3 86
1D 11.0 30 12.2 33 0.9 23.2 - 63
2D 7.3 20 9.2 25 0.8 16.5 45
4 D 6.7 18 8.3 23 0.8 15.0 41
8D 2.5 7 3.3 9 0.8 5.8 16
24 D 0.6 1.6 - - - 0.6 1.6
Pyrene
1H 7.8 22 27.6 78 0.3 35.4 100
0.5D 7.3 21 10.7 30 0.7 18.0 51
1D 5.0 14 6.5 18 0.8 11.5 32
2D 1.6 5 2.2 6 0.7 3.8 11
4D 0.5 1 0.6 2 0.8 1.1 3
8D - - 0.2 0.6 - 0.2 0.6
24 D - - - - - - -
14 = hour
2D = day
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were used to prepare the graphs of Figures lf 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: methylphenan-
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 colump was present in the parti-
culate fraction. Apparently, these compounds were largely precipitated
upon addition. The data indicated an increase in concentration of dissolved
methylphenénthrene 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 al., 1975).
Loss of dimethylphenol and o-toluidine was most likely attributed to auto-
ogidation by atmospheric oxygen through light catalyzed reactioms. 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
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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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 dibenzothiophgne. The only compounds
which maintained dissolved/particulate ratios less than one were fluoran-
thene and ﬁyrene.

Results of the aromatic mixture experiment and those of Spill I and
I1 suggest that the classes of aromatic compounds most likely to be indi-
cative of petroleum pollution include: naphthalenes, fluoreﬁes, 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 fractioms.

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

of the oil and seawater which resulted in minimal incorporation of petroleum
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hydrocarbons into the water column (less than 0.5% methylnaphthalenes

in Spill I).

RECOMMENDAT IONS
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
in particulate fractions.

4. A very small percentage of the naphthalenes originally present
in the crude oil was found in the water column under the experimental

conditions employed (less than 0.5% of the methylnaphthalenes).
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CHAPTER THIRTEEN

DEVELOPMENT OF MINI-COMPUTER PROGRAMMING
TO AID IN INTERPRETATION OF MASS SPECTRAL DATA

Principal Investigator:

R. S. Scalan
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ABSTRACT

- The GC/MS data system includes a library of mass spectra stored on
magnetic disc cartridge assessible 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.
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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 al. (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
liéted 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.

'Use of trade names does not constitute endorsement of a product,



13-4

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 (Z.e. the fragment ion having the greatest intensity) is
characteristic of the compound type. For example: a base peak of m/e =
149 (m/e 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 ;f compounds as a function
o£ 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) éenerate a listing of spectra arranged in sequence of the 'base-

peak” of the mass spectrum to assist in identification of unknown spectra;
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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
li;ting 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 1list

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"
peaks-are those with 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.

The user also has the option of making a listing for any given mass
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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 fof 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
additions of data without expanding the file size. This can only be done
at the expense of considerable programming 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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LISTING OF THE NUMBER OF SPECTRA CONTAINING SIGNIFICANT PEAKS OF A GIVEN MASS

1455 #SPEC MASS $SPEC MASS $SPEC MAS8 SSPEC MASS &SPEC

1 o 34 8 67 ©eoa 109 44 133 167
a2 o 35 17? 68 264 101 141 134 106
3 o 36 32 68 913 iez 44 135 1S@
4 0 37 8 70 440 103 165 1386 132
5 0 38 44 71 657 104 138 137 76
6 o 39 1io014 e 104 108 412 138 4
7 o 40 80 73 278 106 117 139 8
8 o 41 8363 74 157 10?7 avs 140 48
9 ] 42 629 75 216 08 147 141 129
10 2] 43 @aenv 76 83 109 189 148 61
11 o 44 268 e 462 110 95 143 68
ia 1 45 ©48 ¢ 93 111 192 144 44
13 1 48 68 ™ 320 112 99 145 108
14 10 97 166 80 97 113 1 146 €6
18 168 48 34 81 511 114 34 147 133
16 i6 49 1] 82 353 115 171 148 63
17 15 (1) 76 83 6545 116 61 149 104
i8 114 51 a12 84 ge&2 117 186 150 80
19 3 ca2 418 85 492 118 106 ist 44
2o 1 £3 199 86 7% 119 243 is2 e
a1 o S4 170 87 e2ea 130 128 1563 49
2 ] S5 1483 88 4 121 278 154 34
23 -] E6 616 89 g7 122 111 155 ]
24 b S? 1179 90 54 123 a7 156 48
es 3 S8 243 91 b6e5 124 56 157 45
26 S 59 =293 82 164 125 g2 158 51
a7 1324 69 130 93 310 126 45 159 7
28 460 61 165 94 133 12?7 4 160 ]
29 1933 ez 64 95 362 ie8 89 161 68
30 148 83 121 96 185 129 ie1 162 %
3 396 64 S8 97 385 139 ga 163 47
3 37 65 i21 98 178 131 143 164 54

33 a7 68 55 99 o7 132 99 165 €3

L-¢T
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166 47
167 67
163 58
169 63
170 54
171 36
172 36
173 53
174 34
175 45
176 a8
177 36
178 32
179 a9
i80 .43
181 3N
i82 26
i83 35
184 56
185 a7
186 34
187 23
188 46
189 37
190 N
191 51
192 19
193 a1
194 18
196 32
196 21
197 31
198 34

MASS $SPEC
199 24
200 36
2o1 e
2e2 3z
203 es
204 43
ces ee
206 17
207 e
aos 35
209 18
219 30
ei1 e?
2ia e3d
213 24
214 e8
215 e3
216 ee
e17 19
218 41
a19 11
220 17
ac e3
gea 25
223 30
224 16
225 11
2ce i2
ac? 9
228 26
229 a2
230 14
231 19

TABLE 1 CONT.'D

MASS %SPEC
a32 17?
833 11
854 20
235 (="
236 13
237 10
238 39
239 es
240 238
241 29
242 33
243 ie
244 10
245 10
246 23
247 18-
248 13
249 10
250 i2
251 9
252 14
253 6
254 10
255 16
266 19
257 17
258 i6
259 3
260 6
261
ee2 17
263 7
264 14

4

MASS $SPEC
a6b ia
266 ia
267 a3
268 18
ae9 ?
a7e 10
a1 9
ava ia
a73 3
a74 1
a5 e
a76 e
ave 3
a78 5
279 3
280 9
281 10
282 13
£83 15
e84 (="
a86 26
aga 13
e87 3
es88 4
289 ]
290 4
a91 2
292 o
93 b
294 1
295 ?
296 io
a97 . 2

MASS $SPEC

ass
299
300
Jo1
Jea
303
304
305
308
307
308
309
310
311
312
313

314

315
316
317
318
319
320
321
3eza
3a3
24
325
326
327
3as8
329
339

-
am-~
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4SS

331
332
333
334
335
336
337
338
339
340
341
342
343
344
345
346
347
348
349
350
351
352
353
354
355
356
3s?
358
359
360
361
362
363

$SPEC

CORUWOCANNVOOI= PR ARANORNONARLNS O LN U=

MASS #SPEC

D=WwEeeOOCOrUNNRNEOHOOONEOCONNNINANIONRN

TABLE 1 CONT.'D

MASS $SPEC

397
398
399
400
401
402
403
404
405
406
407
408
409
410
411
412
413
414
415
416
417
418
419
420
421
422
423
424
435
426
427
428
429

PRUOWUNOOOOOOCOHOMRALLROREOOOOSLIHION

MASS #SPEC

430
431
432
433
434
435
436
437
438
439
440
441
442
443
444
445
446
447
448
449
450
451
452

453

4154
455
456
457
458
459
160
461
462

COOOROOCOOOOROOHPINREONOOOOROETOOO -

MASS $SPEC

464
465
466
467
468

470
171
4772
473
474
175
476
477?
478

479 -

480
481
482
483
484
435
486
487
488
489
490
491
492
493
494
495

-

CPOCOOOOPO OO0 COROOOEOCS
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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.



1 BLR-0001 2501 MEPERIDINE
GIVE MOL.UT,.(Q=STOP)1000
I 1000 OK?) 1
2 BLR-000zZ 2501 NOR-MEPERIDINE
GIVE MOL.WT.(0=STOP)1001
( 1001 OK?) 1
3 BLR-0003 2501 MEPERIDINIC ACID METHYL ESTER
GIVE MOL.WT.(@=5TOP)1002
( 1002 OK?) O
4 BLR-0004 2%0a2 NOR-MEFPERIDINIC ACID TMS ESTER
GIVE MOL.WT.(@=STOP )SS99
( 9999 0K?) 1
S BLR-0005 2502 MEPERIDINIC ACID TMS ESTER
GIVE MOL.WT.(0=STOP)0@
( ® OK?) 1

THIS PROGRAM ALLOWS ENTRY OF THE MOLECULAR WEIGHT IN CPD <IDD
GIVE THE STARTING SPECTRUM NO.
s 9999 FOR PROGRAM HALT.
2999

L)

Figure 1. Example of Entry of Molecular Weight Data into the Mass Spectral Library.

TTI-¢T



13-12

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.
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APPENDIX I
A
A FORTRAN PROGRAM FOR:

SEQUENTIAL LISTING OF ENTRIES IN THE MASS SPECTRAL LIBRARY



FTH4,L
C

PROGRAM LIBRL

THIS PROGRAM CALLS A SUBROUTINE TO LIST THE
“ID" PORTION OF THE MA&SS SPECTRAL LI1BRARY

IF NO LIST IS DESIRED IT WILL COUNT THE ENTRIES

OQOOO N

URITE(G,100)
READ(1,119> J
CALL IDLST(J)
SToP 1
10@ FORMAT(1H1, " LIST ID’S ? *7" 1 = YES"/" @ = NO')
11 FORMAT(I1) |
END
XX NO ERRORSX



OON

o

OO0 O

no

OO0

O O & O0O0O000

WITH J = 1 GIVES ENTIRE LIST OF MASS SPECTRAL LIBRARY ID’S
WITH J < OR > 1 GIVES ONLY THE NUMBER OF SPECTRA

SUBROUTINE IDLST(J)

DIMENSION IOBUF(128), ITRBUF(4036), IBUFFR(1283, IERPT(8),
1 LIBR(3), NOTRB(2), ITMP(32)

DATA LIBR/2HLI,.2HBR,2H -, NOTRB-1,1-/, lERPT-/1,2,3.,4,5,6/
DEFINE TABLES, BUFFERS, ETC.
CALL EXEC(24,1, I0BUF, 128, ITRBUF,NOTRB, 32, IER)

Lot b ot g

LCNT = ©
J"IPAXUD “- Q-

("-"-“'j. 4 S“jt-lw Aa Ir(lfiz 1 ) ’(53/ Fov fFFIFP oS
F(IER NE 0) LRITE(6,100) IER. IERPT(S)
OPEN THE FILE <LIBRD

CALL EXEC(24,4,LIBR,111,1,0,1,IER)
IF(IER.NE.2) UWRITE(G,100) IER, IERPT(2)

IF ID LIST, UWRITE HEADER
CLEAR THE PAGE
IF(J.EGQ.1) CALL EXEC (2,85,6924,-8)
IF(J.EQ.1) LCNT = 4
IF(J.EQ.1) UWRITE(6,118)

CI-¢€T



Do} ov

OO0

0OD0O0OO0

OO0 O

INITIALIZE POINTER AND COUNTER
IFL - @
IPT = 1
ICNT = ©
TRANSFER THE FIRST RECORD (SECTOR) TO BUFFER
CALL EXEC(24,6,LIBR,0,1BUFFR,IER)
IF(IER .NE. 0) WRITE(G,100) IER, IERPT(3J)
NWUDS = THE NUMBER OF WORDS IN THIS SPECTRLIM

IF THERE ARE NO MORE SPECTRA NWDS = O

ICNT = ICNT + 1
IF(J.EQ.1) WRITE(B,120) ICNT, (IBUFFR(I),I=2,33)

IF(J.EQ.1) LCNT = LCNT + 1
INITIATE HARDCOPY AFTER 35 LINES
IF(LCNT.GT.33) IPAGE = IPAGE + 1

IFCLCNT .GT. 33) WRITE(6,121) IPAGE

121 FORMAT(1H ,7 60X, “PAGE *,I3)

IF(LCNT.GT.33) CALL EXEC (2,85,6835,-2)

QT-¢T



OO0

QOO0 COOOOOOOO0

20

12

60

IF (LCNT .GT.33) LONT = @
CLEAR THE PAGE

IF(LCNT.EG.@.AND.J.EQ.1) CALL EXEC(8.65.6924.-B)
IPT = IPT + IBUFFR(1)
IF(IPT .LE. 128B) GO TO 1@
IPT « IPT ~ 128
IF(IFL.EG.1) GO TO 1@
CALL EXEC(24,6,LIBR,8,IBUFFR,IER)
IF(IER .NE. ©0) URITE(6,100) IER, IERPT(4)
GO TO 80
NWDS = IBUFFRC(IPT)
IF(NWDS .GE. MAXWD) MAXWD = NWDS
IFL = ©
IF(NWDS .EQ. @) GO TO 30

INCREMENT THE COUNTER FOR THIS SPECTRUM
THE ID PORTION CAN BE EITHER: ALL IN THIS SECTOR;
PART IN THIS SECTOR & PART IN THE NEXT; OR, AT
THE START OF THE NEXT SECTOR.
LWLIB IS THE NUMBER OF WORDS LEFT IN THE BUFFER
WLIB = 1289 - IPT
IT IS ALL IN THIS SECTOR IF WLIB > = 33
IF(WLIB .LT. 32) GO TO 70
o622 I =1, 32

ITMP(X) = IBUFFRC(IPT + 1)
GO TO 20

1T T



OO0

23

70

50

15
ae

CALL EXEC (24,6,LIBR,9,IBUFFR,IER)
IF(IER.NE.@)URITE(E,100) IER
Doe’I-=1, 32 .

ITMP(I) = IBUFFR(I)

IFL - 1

GO To2e

IT IS PART IN THIS SECTOR AND PART IN THE NEXT

IDIFF = 1288 - IPT

IF(IDIFF .EG. ©) GO TO 22

DO 9@ I = 1, IDIFF

ITMP(I) = IBUFFRC(IPT+I)

CALL EXEC(24,6,LIBR,9,IBUFFR,IER)

IF(IER .NE. 9) WRITE(S6,100) 1ER, IERPT(5S)
IPT = IPT - 128

NREST = 32 -~ IDIFF

DO 15 I = 1, NREST

ITMPCIDIFF+I) « IBUFFR(IY)

ICNT = ICNT + 1

IPT = IPT + NWDS

IF(J.EQ.1) WRITE(G,120) ICNT,(ITMP(I),I~1,32)
IF(J +.EQ. 1) LCNT = LCNT + 1

IF(LCNT.GT.31) IPAGE =» IPAGE + 1

IF(LCNT.GT.31) WRITE(6,121) IPAGE

IF(LCNT .GT. 31) CALL EXEC(2,65,86935,~2)

IF{LCNT .GT. 317 LCONT = 0
IF(LCNT.EQ.Q.AND.J,EG.1) CALL EXEC(2,65,6924,-2)

RT-£T



QOO0

OO0

O O O O O O

XX

30

100
110
120
130
131

GO TO 8@
NO MORE SPECTRA IN THE FILE
WRITE(6,136) ICNT
WRITE(6,131) MAXWD
CALL EXEC (2,65,6935,-2)
CLOSE THE FILE TO MAKE BUFFERS AUVAILABLE

CALL EXEC(24,5,LIBR,0,IER)
IFCIER .NE. @) WRITE(6,100) IER , IERPT(8)

RETURN

FORMAT(1H ,* EFMP ERROR NO. *,I3,"AT LOC. NO. *,I3/)
FORMAT(1H ,17X,"GC/MS MASS SPECTRAL LIBRARY LISTING"/~)
FORMAT(IH , IS5, 2X, 32A2)

FORMAT(1HL, /7 * THE TOTAL NUMBER OF SPECTRA IS *,I&//)

FORMAT(1H ,* THE MAXIMUM SPECTRUM SIZE IS *,16," WORDS*/)
END -

NO ERRORSX

6T-fT
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APPENDIX I
B
AN ASSEMBLER PROGRAM FOR:

LISTING OF ENTRIES IN THE MASS SPECTRAL LIBRARY
ACCORDING TO BASE PEAKS OR SIGNIFICANT PEAKS



ASMB,L,F,.C

X
X THIS PROGRAM SEARCHES THE SPECTRAL LIBRARY FOR
X SPECTRA WHICH HAVE A GIVEN BASE-PEAK
X
NAM BASGN
EXT EXEC
EXT .DI10.
EXT .I1I0I.
ENT BASGN
X
X
BASGN DEF START
x
X
START NOP
A EQU ©
B EQU 1
NXBAS JSB WTTY WRITE AN INPUT MESSAGE
DEF STMSG MASS NUMBER AS SEARCH PARAMETER
CLA :
STA INDXE CLEAR THE SEQUENTIAL SEARCH INDEX
JSB RDTTY READ A NUMBER FROM THE TTY
JSB IPTER ERROR ON INPUT
CPA SIGNO SEARCH FOR SIGNF . PKS ?
JSB SIGST YES =~ SIGNIFICANT (O25X%)
52A,RSES
JHiP MSINC <MASMNO> WAS @ —~ INCREMENTAL SEARCH
CPA EXTNO EXIT FROM PROGRAM %
JMP ESTOP YES - USE ERROR EXIT
MARSOK STA MASNO SAVE THE CURRENT SEARCH PARAMETER

T~ rT



ao32
0033
0034
203%
9036
037
0038
0039
0040
0041
0042
0043
0044
2045
0046
0047
0048
2049
0052
0851
052
0053
0054
0055
00586
0057
0058
@059
0060
Qes61
0062
G263
eo64
0265
GBE6

RETN1

RETNZ2

CLA, INA

STAR

JSB
DEF
DEF
DEF

DEF

DEF
DEF

JSB
JSB

DEF
DEF

DEF
DEF
DEF
DEF

JSB
JSB
DEF
CLA
STA
CLB
JSB
DEF
DEF

IPT

EXEC

RETN1
RCODE
EFMP1
OPNTB
OPNS2
TRBUF
NOTRB
TRBSZ
ERRNO

ERMON
EXEC

RETNZ
RCODE
EFMP4

PAKNO
EFMP1
SCODE
NOTRB
ERRNO

ERMON
WTTY
CLRSC

FINAL
+DI10.

HDNOS
FORMT

GET A 1
INITIALIZE <IPTY

" DEFINE TABLES, BUFFERS, ETC

RETURN POINT

ADDRESS OF REQUEST CODE FOR EFMP
ADDRESS OF EFMP FUNCTION CODE
ADDRESS OF OPENED-FILE TABLE
ADDRESS OF OPENED-FILE TABLE SIZE
ADDRESS OF TEMPORARY RECORD BUFFER
ADDRESS OF NUMBER OF TRB’S
ADDRESS OF SIZE OF TRB’S

ADDRESS OF RETURNED ERROR NUMBER

GO CHECK FOR EFMP ERROR
OPEN FILE <LIBR> IN <PN111>

OPEN FILE

ADDRESS OF FILE NAME <LIBR)
ADDRESS OF PACK NUMBER (Pﬂiil)
START AT RECORD NO. 1

ADDRESS OF SECURITY CODE
BUFFER NUMBER 1

CLEAR THE CRT SCREEN
RESET END OF LIBRARY FLAG
SET UP FOR INTERNAL CONVERSION

PUT <MASNO> INTO HEADING
FORMAT

77-¢T



0087
068
2069
0078
0271
0072
2073
0074
0075
Q976
0077
0078
279
0080
0081

@83
0084
QO8S
0086
087
Q088
0089
890

- 0091

o282
0093
0094
695
2096
97
2098
(slviely)
Q100
0101

ENDMS

NXSPC

DEF
LDA
JSB
NOP
JSB
DEF
LDA
STA
CLA
STA

JSB
DEF
DEF
DEF
DEF
DEF
DEF
DEF

JSB
LDA
ADAR
ADA
STA
LDA
STA

ENDMS
MASNO
.101.

WTTY
HEAD
FOUR
LNCNT

SPCNT

EXEC

RETN3
RCODE
EFMPE
FNAME
RCDNO
BUFFR
ERRNO

ERMON
IPT

M1
BUFFA
BUFAD
BUFAD, I
NWDS

$2A,RSS

JMP
ADA
STA
LDA
STA
LDA

ENDDD
IPT
NEXPT
ARRAD
INDXA
NUDS

CMA, INA

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 <BUFFR>

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 2ERO, THAT’S ALL

QuIT

IF NON-ZERO, THERE’S MORE

THIS 15 THE REL. ADDR. OF NEXT SPECTRUM
GET THE ADDRESS OF ARRAY

SAVE FOR INCREMENT IN TXFER

GET THE NO. OF WORDS IN THIS SPECTRUM
MARKE IT NEGATIVE

C7=CT



9102
9103
0104
0105
2106

2107

0108
9109
6110
0111
o112
2113
0114
2115
9116
0117
9118
0118
¢ige
o121
o122
0123
oic4
0125
0126
o127
0128
0129
0130
0131
2132
0133
2134
o135
8138

STA TXWDS
LDA IPT
JSB TXFER
LDA TXWDS
S5A,RSS

- JMP INARR

RETHN4

¥ 3¢ ¢ ¥

NARR

-

3 3K 3 I M ¥ ¥

JSB EXEC
DEF RETN4
DEF RCODE
DEF EFMPE6
DEF FNAME
DEF RCDNO
DEF BUFFR
DEF ERRNO
JSB ERMON
LbAa NEXPT
ADA Mi2B
STA NEXPT
CLA, INA
JSB TXFER

LDA NEXPT
STA IPT

SAVE IT FOR COUNT
GET THE STARTING POINT IN BUFFER

_ TRANSFER WORDS FROM BUFFR TQO ARRAY

CHECK TO SEE IF TRANSFER COMPLETE

ALL TRANSFERRED
NEED MORE ~ READ NEXT SECTOR

TRANSFER FROM <IPT> TO <NEXPTY

AS OF 2/13/77 THE LARGEST SPECTRUM HAD ONLY 127 LIORDS
THEREFORE THIS RETURN HAS TO BE UWITH TXWDS = 9

SET UP FO NEXT SPECTRUM

THIS IS THE STARTING POINT FOR THE SEARCH OF
THIS SPECTRUM. THE SPECTRUM HAS BEEN TRANSFERRED
FROM <BUFFR> INTO <ARRAY>.

ISZ SPCNT
CLB

INCREMENT THE SPECTRUM COUNTER .

ve-¢1



9137
0138
2139
0140
2141
2142
2143
9144
214%
0l45
Q147
148
0149
0150
0151
0152
0153
0154
Q155
9156
0157
81E8
0159
0160
0161
eiea
9163
0164
2165
2166
0167
8168
0169
017
@171

NOMOR

NXTPR

COMPR

STB
STB
STB
LDA
ADA
STA
STA
LDA
S5A
JMP
CPA
CMB
cPB
STB
152
152
JMP

HITFL
MAX
NOMES
C34
ARRAD
IDX25
INDEX
INDEX, I

NOMOR
MARSNO

SIGFL
SGNFL
INDEX
NOMZS
MOR25

S5B,RSS

JMP
LDA

NXSPC
NOMES

CMA, INA

STA
STA
STA
152
LDA
STA
LDA
ssA
JMP
AND
CLB
LSR
CPA
JMP

NG2ES
NEGZ2S
REP2S
INDEX
IDX2%
INDE2S
INDEX, I

ENDSP
HIMSK

6
INDES, I
POHIT

CLEAR INTENSITY OF <MASNO>
CLEAR <MAXD>

~ CLEAR COUNTER OF >85 PEAKS

CALCULATE THE ADDRESS OF >26 PEAKS
SAVE FOR USE IN CASE OF HIT

FOR INCREMENT

GET THE FIRST PEAK

IS THIS ALL

YES

NO -~ IS THIS ONE OF INTEREST ?

YES — SET "B* TO -1 AS A FLAG
SIGNIFICANT PEAK SEARCH 7

INCREMENT THE INDEX

INCREMENT THE COUNTER

GO BACK FOR MORE

WAS <MASNO> ONE OF THE >285 7

NO ~ SKIP THIS ONE

YES - PREPARE TO CHECK FOR BASE PEAK
GET NEG. OF THE NO. OF >25 PEAKS
SAVE FOR COUNT DOWN

POINT TO 1ST OF MASS—INTENSITY PAIRS
ADDRESS OF >85 PEAKS

SAVE FOR INCREMENT

GET THE FIRST PAIR

CHECKED ALL PAIRS 7

YES ~ CLEAN UP THIS SPECTRUM
GET RID OF THE LOW 6 BITS

CLEAR °*B" FOR ROTATE

SHIFT RIGHT & BITS (MASS & OK)
IS THIS ONE OF THE >5°5 7 :
YES — CHECK FOR MAX



o172
0173
2174
o175
0176
2177
2178
0179
2180
0181
0182
0183
0184
0185
0186
9187
0188
0189
0190
0191
0192
0193
0194
2195
0196
197
0198
0199
0200
0201
oz2e
0203
o204
0205

NXPR1

POHIT

CNTNU

ENDSP

152
I5Z
JMP
ISZ
LDA
STA
JMP
CLB
CPA
CMB
LDA
I1SZ
AND
STa

IND2S
NEG2S
COMPR
INDEX
REPZ2S
NEG25
NXTPR

MASNO

INDEX, 1
INDEX
LOMSK
TEMP

CMA, INA

ADA

MaX

SSA,RSES

JMP
LDA
STA
SSB
STA
CLB
152
JMP
LDA
CPA
JMP
LDB
SZB
RSS
JMP
LDA
STA

@286 PRTIT LDA

CNTNU
TEMP
MAX

HITFL

NG25S
NXPR1
HITFL
MAX

PRTIT
SGNFL

NXSPC
BLANK
ouTPT+2
Maa

NOT VYET
CHECKED ALL >25°’S 7
NOT YET

-INCREMENT THE INDEX TO

RESTORE THE NO. OF 226 PEAKS
FOR NEXT PAIR SCAN
CHECK THE NEXT PAIR
CLEAR "B* FOR FLAG
IS THIS THE ONE WE WANT ?
YES = SET FLAG (B) TO -1
NO - GET THE PEAK AGAIN
GET READY FOR NEXT PAIR
GET RID OF HIGH BITS

GET NEG. UVALUE OF INTENSITY
PREVIOUS MAXIMUM UVALUE

NEW MAX 7

NOT VET

LARGEST YET

UPDATE MAX

WAS IT <MASNO> 7

YES ~ SAVE IT FOR FUTURE COMP. -

FOUND ALL > 2B’S

YES -~ GET <MASNO> INTENSITY
WAS IT THE MAXIMUM VALUE %
YES - PRINT THIS ID

SIGNIF. PEAK 7

NO -~ SKIP THIS ENTRY
GET A BLANK

PUT IT IN THE LINE FOR SIGNF. PK,

9Z-¢tT



o20o7?
o208
2209
0210
oe21it

o212

o213
o214
2218
0216
217
0218
0219
o280
oael
oces
oea3
o2e4
oc2es
oa2ce
ez’
oc28
o229
0230
o231
oa3a
o233
0234
0235
0236
237
o238
8239
0249
o241

MORID

ELIST

STA
LDA
STAR
IsZ
LDA
STA
152
ISZ
I1s2
LDA
ETh
IS5Z
152
152
JMP
CLA
CLE
JSB
DEF

DEF
LDA
JSB
NOP
JSB
DEF
LDA
STA
CLA
STA
152
LDA
ADA
S2A
JMP

INDX2
ARRAD
INDEX
INDEX
OUTAD
IDOUT
IDOUT
IDOUT
IDOUT
INDEX, I
IDOUT,1
INDEX
IDOUT
INDX2
MORID

D10,
OUTPT
FORMT
ELIST
SPCNT
.10I.

WTTY
ouUTPT
ASTER
OUTPT+2

SGNFL
LNCNT
Mad

LNCNT

NXSPC

GET THE ARRAY ADDRESS

" POINT TO 1 ST WORD OF ID

GET THE QUTPUT BUFFER ADDRESS
SKIP 3 WORDS FOR SPECTRUM %
LOC. 1 ST WORD OF ID ON OUTPUT
LOAD ID INTO <OUTPUT

ALL TRANSFERED 7

NO - DO MORE
YES ~ SET UP FOR INTERNAL CONUV.

WRITE THE OUTPUT

GET AN ASTERISK ‘
RESTORE THE OUTPUT LINE

ZERO OUT THE SIG PK FLAG
INCREMENT THE LINE COUNTER

33 LINES WRITTEN ?
MO - DO IT SOME MORE !

17 =CT



2242 FNLOP
0243

2244 NOLST
9245

2246

o247

0248

0249

0250

o=t1

ozsa

0253

0254

o265

0256

o257

o258

o269

0260

o261

ec62

o263

o064

0265

o266

o=26¢ ENDDD
o268

0269

270

a7l

ozva

273 X
eE?4 X
ARETE X
o276 TXFER

JSB UTTY
DEF HDCPY
JSB WTTY
DEF CLRSC
LDA HDNOS

STA TPAGE+28
LDA HDNOS+1
STA TPAGE+29

JSB WTTY
DEF TPAGE
CLA, INA
INA

STA LNCNT
LDB FINAL
SZB,RSS
JMP NXSPC
ISZ MASNO
LDA ECODE
CPA MASNO
JMP NXBAS
LDA INDXE
S5A,RS5
JMP NXBAS
LDA MASNO
JMP MASOK
CLB, INB
STB FINAL
LDA FOUR
CPA LNCNT
JMP NOLST
JMP FNLOP

NOP

YES - TURN ON HARDCOPY UNIT

_ CLEAR THE SCREEN

GET THE RSCII MASS NO.

WRITE THE MASS NO. AT THE TOP OF PAGE

CLEAR THE LINE COUNTER
AT END OF LIBRARY

GO DO SOME MORE
INCREMENT THE MASS FOR SEQUGNTIAL SEARCH
AT UPPER LIMIT OF SEARCH MASS

YES - START AGAIN (NO WAY TO END THIS PROG !)
GET THE SEGUENTIAL FLAG

IS THIS SEQUENTIAL 7

NO - GO BACK TO START

GET THE MASS

YES - GO BACK FOR SEQUENTIAL

COMPARE WITH LINE COUNTER - IF 4
THEN NO HARDCORY
PRINT THE LAST PAGE

BC-¢T



277
Q278
o279
o230
0221
G282

o2E3

234
o285
o286
0287
OZER
o289
o290
9291
o292

a=293
2433

0434
0435
2436
0437
@438
0439
@440
0441
o442
2443
2444
Q@445
0446
@447
G448
G449
0452
@451

THFMR

x
ERMON

ESTOP

ADA
ADA
STA
LDA
STA
152
152
LDA
ADA
CPA
JMP
I1S2
JMP
JMP

BUFFA
Mi
INDXS

INDXS, I -

INDXA, I
INDXA
INDXS
BUFFA
OPNSZ
INDXS
TXFER, 1
TXWDS
TRFMR
TXFER, I

GET THE BUFFER ADDRESS
SAVE IT
TRANSFER A& WORD

INCREMENT BUFFA BY ic28

I8 <INDXS> AT THE END OF THE BL¥FER 7
AT END OF BUFFER ~ GO BACK FOR MORE
AT END OF TRANSFER 7

NO - GO TRANSFER MORE

YES = RETURN

STATEMENTS 294 THROUGH 432 ARE SUBROUTINES °*WTTY' AND *RDTTY'
IELETYPE SUPPORT ROUTINES COPIED FROM GC/MS SOFTWARE. THIS

CODING 1S PROTECTED BY AGREEMENT BETWEEN E.I.DU PONT CO,
THE UNIV. OF TEXAS. DU PONT CO. AND

CHECK FOR ERRORS IN EFMP CALLS

NOP
LDA

ERRNO

S2A,.RSS

JMP
CcLA
CLB
JSB
DEF
DEF
DEF
LDA
JSB
NOP
JSB
DEF
JSB
DEF

ERMON, X

D10,
ERROP
FRMT

ESTOP
ERRNO
«I0I.

WTTY
ERROP
EXEC
x+2

GET ERROR TYPE NO.
IF 2ERO RETURN

SET UP FOR INTERNAL CONVERSION
ERROR OUTPUT BUFFER

WRITE THE ERROR MESSAGE
EXEC PROGRAM TERMINATION

P T



R4c2
0453
2454
2455
Q456

9457,

2452
@459
2460
Vw461
Q4daa
e4e3
Q464
Q465
2466
o467
0468
@469
@47
2471
Q47
@473
04774
0475
0476
@477
2478
2479
@480
0481
24832
Q483
2484
0485
486

DEF

NOP
X

ERROP OCT

ASC

oCT

FRMT RSC
X
X

X WORK
p 4

STMSG 0OCT

OCT

oCT

oCcT

ASC

ASC

ASC

OCT

OCT

ASC

ocT

ASC

ocT

ASC

ocT

ASC

ocT

| QCT

TXWDS OCT

FINAL OCT

MASNC OCT

RCODE OCT

EFMP1 OCT

OPNTB BSS

EFMPE

L
a8, PROGRAM HALT
o

2, (I2)

AREA FOR PROGRAM

15437

15414

6412

6412

13,THIS PROGRAM SEARCHES THE

12,MASS SPECTRAL LIBRARY BY

S. BASE PEARK

6412

6412

12,GIVE THE SEARCH MASS NO.

6412 '
18,2 ON ENTRY GIVES SEQUENTIAL SEARCH
6412 ‘

22, 8888 MAKES A SIGNIFICANT PEAK (D25X) SEARCH
6412

12, 9899 GIVES PROGRAM HALT .

6412

o

o :

Q FLAG AT END OF LIBRARY
o SEARCH PARAMETER

30 EFMP TYFE EXEC CALLS

1 \ DEFINE FILES

128 OPEMNED FILES TABLE

0e-¢€T



0427 OPNSZ DEC 128

2488 NOTRB DEC 1 NO. OF TEMP. RECD. BUFFERS
Q489 DEC 1

@490 TRBSZ DEC 10

@491 TRBUF BSS 1280

0492 ERRNO BSS 1 LOC. FOR ERROR NUMBER
@493 EFMP4 OCT 4 OPEN FILES

494 FNAME ASC 3,LIBR

2495 PAKNO DEC 111

0496 RCDNO DEC O SEQUENTIAL ACCESS
@497 SCODE DEC @ SECURITY CODE
04398 X

@499 CLRSC OCT 15437 CLEAR THE SCREEN
2500 OCT 15414

oce1 DEC @

PSe2 X

0503 HEAD OCT 6412 CR 7 LF

2504 OCT 6412 CR 7 LF

0525 ASC 12,THE FOLLOWING SPECTRA HA
2506 ASC 12,VE A PROMINANT PEAK AT
@507 HDNOS ASC 3,

@508 ASC 9,( X = BASE PEAK)

0509 OCT 6412 CR 7 LF

o510 OCT €41 EXTRA LINE SPACE
o511 OCT @

0512 FOUR OCT 4
@513 TPAGE ASC 28,

0514 ASC 1,
0515 RSC 1,
2516 OCT 6412
517 OCT ©

518 BLANK OCT zov40

3519 ASTER OCT 25040

052@ SGHFL OCT @

GSE81 LNCNT OCT e LINE COUNTER FOR PRINT OUT

TE-€T



522
523
o524
o525
ose6

osay.

o528
0529
0530
0531
L3
Q33
0534
@535
0536
0s37
o538
@E39
@540
@541
o542
@543
2544
Q0545
@546
2547
2548
0549
o550
9551
assa
Q553
3554
VS58
11232

SPCNT
EFMPG
BUFFR
IPT
BUFFA
BUFAD
NWDS
NEXPT
EXTNO
SIGNO
Mizs
INDEX
LOMSK
HIMSK
TEMP
MAX
HITFL
M3c
INDXe
ARRAY
ARRAD
IDoUT
OUTPT

OUTAD
FORMT
M33

HDCPY

ECODE
ML

INDXS
INDXE

OCT @

OCT 6

BSS 128
OCT 1

DEF BUFFR
OCT ©

OoCT ©,
OCT o

DEC 9949
DEC &888
DEC -1ie8
OCT ©

OCT °¢?
OCT 177700
OCT ©

OCT ©

OCT ©

DEC -32
OCT ©

BSS 128
DEF ARRAY
OCT ©

ASC 3,
BSS 32
OCT 6412
OCT ©

DEF OUTPT
ASC 2, (1I4)
DEC -33
OCT 15427
OCT ©

OCT 1442
OoCT -t
OCT @

OCT ©

READ A SECTOR

X

RETURN/LINE FEED

UPPER LIMIT OF SEGU,

SEARCH (702)

(A% 2



osS?
2558
2559
o560
2561

@562.

2563
Q564
565
PSE6
QE67?
o568
A6
570
@571
Q572
o573
574
0575
@576
Q577
@578
@579
QSO
0581
o582
@583
Q584
Q58E
o586
ob8?
3588
58
V59
@501

IPTRA
IPMSG

SIGST

ocT
OCT
ocT
oCcT
oCT
oCT
ocCT
ocT
OCT
oCT
oCT

JSB
DEF

NOF
ADA
ADA
STA
JMP
DEF
OCT
ASC
oCT

NOP
CCA
STA
JSB
DEF

OO OIDEOOO

= A
-1
-

WFrTY
IPMSG
IPTRA,I

ML

ML

IPTER
IPTER, L
IPTER
6412

13, INPUT
%

SIGFL
WTTY
SIGMS

RUBPOU

WRITE AN ERROR MESSAGE
LOC., OF THE MESSAGE
GET THE RETURN ADDRESS

SET UP TO TRY AGAIN

CR/LF
ERROR ~ TRY AGRIN

ROUTINE TO IMNITIATE S1G. PK. SEARCH
USE ~1 AS A FLAG

ASK FOR SEARCH MASS NO.

CC=CT



25932
2593
0594
2595
@596

0537

Q598
9599
5 121"
19,25 3 1
ceoa
0603
Q504
2605
Q606
0607
@008
2609
V610
Q611
o612
0613
0614
@c15
Q616
@817
Q618
Q619
Q620
621
eeee
Q623
ves4
BaS
. 3686

SIGMS

SIGFL

MSINC

SEQMS

NDMSQ

JSB
JSB
JMP

ASC
ocCT
ASC
ocCT
oCT

oCT

NOFP
JSB
DEF
JSB
JSB
STR
JSB
DEF
JSB
JSB
STR
CLa
cMA
STA
LDA
JMP

ASC
oCT
oCT
ASC
OCT

RDTTY
IPTER

READ THE MASS NO

SIGST,I RETURN

12, GIVE THE SEARCH MASS NO.

6412

13,8 GIVES SEQUENTIAL SEARCH

641z
Q@

o

WTTY

SEQMS
RDTTY
IPTER
MASNO
WTTY

NDMSGQ
RDTTY
IPTER
ECODE

INDXE
MASNO
MASOK

END OF MESSAGE

WRITE MESSAGE FOR SEGU. MASS INPUT

GET THE STARTING MASS NO.

GET THE UPPER LIMIT MASS NO.
SET UP FOR SEQU. SEARCH FLARG

SEQUENTIAL SEARCH FLAG
GET THE START MASS
USE IT FOR THE FIRST MASS IN THE SEQ.

18, SEQUENTIAL SEARCH — STARTING MASS 7P

6412
e

16,SEQUENTIAL SEARCH - FINAL MASS 7

B4i2

7e-¢1



2627
2628 X
0629

ocT ©
END BASGN

xxxx LIST END XXkxX
@

b

=T
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APPENDIX I
c
AN ASSEMBLER PROGRAM FOR:

ADDITION OF COMPOUND MOLECULAR WEIGHT
TO THE MASS SPECTRAL LIBRARY DATA BASE



s1.0,5,1,MLUGT

2901
51517 )
003
2004
2005
00086
Qo077
120515151
YV
oal1e
0011
vo1e
0813
0014
0015
Q016
o177
o018
o019
oeze
oozl
o
oe=3
oe=4
eezb
0026
oc"?
oez8
0029
G030
Q031
©¢a32

ASMB, L,F,C

X

X

X

b 4

X

* :
NArM MOLWT
EXT EXEC
EXT .DIO.
EXT .I1I0I.
ENT MOLWT

p A

X

MOLWT DEF START

X

X

START NOP

A EQuU o

B EQU 1

NXBAS JSB WTTY
DEF STMSG
JSB RDTTY
JSB IPTER
SZ2A,RSS
JMP ESTOP
CPA EXTNO
JMP ESTOP
STA MASNO
CLA, INA
STA IPT

X

THIS PROGRAM LISTS A LIBRARY ENTRY <ID> AND WAITS
FOR INPUT OF INTEGER MOLECULAR WEIGHT.  THIS VALUE
REPLACES THE LAST “WORD* OF THE <ID>

URITE AN INPUT MESSAGE
GIVE SPECTRUM NO, FOR START
READ A NUMBER FROM THE TTVY
ERROR ON INPUT

STOP ON @ ENTRY ALSO

EXIT FROM PROGRAM 7

YES - USE ERROR EXIT

SAUE THE STARTING SPEC NO.
GET A 1

INITIALIZE <IPT>

/1¢-9T



@933
0034
@03
BO36
@037
QazE
24339
0040
2041
0042
0v43
D044
- @45
V46
047
048
0049
2050
0051
0052
Q053
@054
Qe55
Q056
@057
Q0S8
Q59
QAc0
061
%1% 21
QRE3
Q264
B8es
QOB6
e’

RETN1

RETNZ

JSB
DEF
DEF
DEF
DEF
DEF
DEF
DEF
DEF
DEF
JSh

JSB
DEF
DEF
DEF
DEF
DEF
DEF
DEF
DEF
DEF
JSB

JSB
DEF
CLA
STA
STA
STA
cMA
STA
STA

JSB

EXEC

RETN1
RCODE
EFMP1
OPNTB
OPNSZ
TRBUF
NOTRB
TRBSZ
ERRNO
ERMON

EXEC

RETNZ
RCODE
EFMP4
FNAME
PAKNO
EFMP1
SCODE
NOTRB
ERRNO
ERMON

WTTY
CLRSC

SPCNT
LNCNT
FINAL

ENDFL
NWDS

EXEC

DEFINE TARBLES, BUFFERS, ETC
RETURN POINT
ADDRESS OF REQUEST CODE FOR EFMP

" ADDRESS OF EFMP FUNCTIOM CODE

ADDRESS OF OPENED~FILE TABLE
ADDRESS OF OPENED-FILE TABLE SIZE
ADDRESS OF TEMPORARY RECORD BUFFER
ADDRESS OF NUMBER OF TRB‘S
ADDRESS OF SIZE OF TRB’S

ADDRESS OF RETURNED ERROR NUMBER
GO CHECK FOR EFMP ERROR

OPEN FILE <LIBR> IN <PN111)

OPEN FILE

ADDRESS OF FILE NAME <LIBR>
ADDRESS OF PACK NUMBER <PN111>
START AT RECORD NO. 1

ADDRESS OF SECURITY CODE
BUFFER NUMBER 1

CLEAR THE CRT SCREEN

CLEAR THE SPECTRUM COUNTER
CLEAR THE LINE COUNT
CLEAR THE FINAL OP FLAG

MAKE END FLAG NON-ZERO
NMEGATIVE NO. TO PARTIAL WRITE FLAG

READ THE FIRST SECTOR

RE-QT



Q&R
0069
0070
0971
en7a

RT3

2074
QO7E
078
%[0
0a78
2079
QR8O
0081
2082
2083
Ve84
@85
086
@87
2988
2089
2090
Y091
2092
@093
2094
RO95
0096
Q097?
2298
Bous
R1¢e
@191

RETNG
NXSPRC

DEF
DEF
DEF
DEF
DEF
DEF
DEF
JSB

LDA
ALA
ADA
STaA
INAR
STA
LDA
ADA
STA
LDA
152

RETN3
RCODE
EFMPS
FNAME
RCDNO
BUFFR -
ERRNO .
ERMON

1PT
ML
BUFFA
BUFAD

BUF1ID
BUFAD
c3z
MOLAD
BUFAD, I
SPONT

SZ2R,RSS

STA

ENDFL

SZA,RSS

JMP
ADA
STAR
CLA
CLB
JSB
DEF
DEF
DEF
LDA
JSB

@182 ENDSP NOP

WRITE
IPT
NEXPT

+DIO.
SPOUT
FORMT
ENDSP
SPCNT
.I0I.

_ READ CODE

IT IS IN <BUFFR>

GET THE LOCATION OF THE POINTER

GET THE BUFFER ADDRESS AND SUM
STORE THE POINTER ADDRESS

SAVE THE ADDRESS OF THE <IDO>
SAVE ADDRESS TO STORE MOL. WT.
GET THE NUMBER OF WORDS IN THIS SPECTRUM

IF IT’S 2ERO, THAT’S ALL
SET END OF <LIBR> FLAG

YES ~ WRITE IT OUT

IF NON-2ERO, THERE’S MORE
THIS 1S THE REL. ADDR. OF NEXT SPECTRUM

ASCII SPECTRUM COUNT

6€-¢T



0183
2104
R10%
2106
0107
Q10gE
21039
0112
2111
ol1e
0113
114
2115
0116
0117
2118
0119
2120
o121
elae
@123
124
2185
o126
o127
2128
19
Q130
2131
e13e
@133
V134
2135
V136
@137

X

X
X
X
WRITE

RETNS

LDA

MASNO

cMA, INA

ADA

SPCNT

SSA,RSS

CLA
STR
LDA
ADA
ADA
ADA
SSA
JMP

STA

LDA
SSA
JMP
JSB
DEF
JSB
DEF

THIS

JSB
DEF
DEF
DEF
DEF
DEF
DEF
DEF
JSB
LDA

INDEX
IPT
M1
c32
Mias8

ALLIN
NWDS
INDEX

READR
WTTY

SPOUT
WRTID
BUFID

GET THE STARTING SPECTRUM NO.

. MAKE IT NEGATIVE

ADD THE SPECTRUM COUNT

<INDEX SET TO @ AT START POINT
C{INDEX> SET TO NEG NO. BEFORE START
GET THE POINTER RELATIVE ADDRESS
DECREMENT

ADD 32

SUBTRACT 128

ALL <ID> IN THE BUFFER 7

YES - PRINT IT

+ MEANS PART IN NEXT BUFFER

TO STARTING POINT YET ?
NO -~ SKIP WRITING <ID>

SECTOR HAS BEEN MODIFIED - WRITE IT BACK

EXEC
RETNS
RCODE
EFMP8
FNAME
ML
BUFFR
ERRNO
ERMON
ENDFL

S2A,RSS

WRITE TO EFMP FILE
THE FILENAME IS *LIBR"
BACKSPACE A RECORD

AT END OF LIBRARY 7

0OH-€1



9133
2139
2149
9141
014c
Q143
0144
2145
Q146
Q147
0148
0149
2150
2151
2152
0153
0154
a155
015&
2157
2158
@159
2160
ol61
o162
163
2164
165
2166
8167
2168
?169
a1'7e
%) S §
@172

READR

RETN4

ALLIN

JSB
DEF
DEF
DEF
DEF
DEF
DEF
DEF
JSB
LDA
cPa
JSB
ADA
STR
STA
LDA
ADA
STA
LDA
SSA
JMP
LDA
SSA
JMP
CCA
STA
JSB
DEF
JSB
JMe
LDA
SSA
JMpP
JSB

ENDDD
EXEC
RETN4
RCODE
EFMPS
FNARME
RCDNO
BUFFR
ERRNO
ERMON
NEXPT
=B200
BFADJ
Mie8s
IPT
NEXPT
MOLAD
Mieg
MOLAD
INDEX

NXSPC
NWDS

NXSPC

NWDS
WTTY
BUFFR
LNCTR
MOLIN
INDEX

INCPT
WTTY

YES - PROCESS FOR PROG. END
NEED MORE — READ THE NEXT SECTOR

WAS THE NEXT SPEC. AT THE LAST WORD 7
PUT NO. WORDS NEXT SPEC IN BFADD

UPDATE THE STORE ADDRESS

TO STARTING POINT VET 7
NO - GO FOR MORE

NEED TO WRITE MORE ID ?
NO — GO FOR NEXT SPECTRUM

YES -~ RESET THE FLAG
FINISH WRITING <ID> AT START OF <{BUFFR>

STARTING FLAG
NO START

ThaeCT



2173
2174
0175
9176
Q177?
Q17E

0179
@180
2181
0182
9183
Q184
@135
@186
2187
2188
Q189
@19
2191
@192
@193
2194
2195
8196
@197
2198
199
200
o201
oces
203
204
205
A20G
oc20?

MOLIN

ENDIMS

INCPT

DEF
JSB
DEF
JOB
JSB
DEF
JSB
DEF
STA
CLA
CLB
JSB
DEF
DEF
DEF
LDA
JSB
NOP
JSB
DEF
JSB
JEB
JSB

SPOUT
WRTID
BUFID .
LNCTR
WTTY
INPTM
RDTTY
IPTER
MOLWE

D10,
OUTIW
FORMT
ENDMS
MOLUWE
+I0I.

WTTY

OPTMUW
RDTTY
IPTER
LNCTR

S8Z2A,RSS

JSB

LNCTR

SZAR,RSS

JMP
LDA

MOLIN
MOLUE

SZ2A,RSS

JMP
STA
LDA
&TA
ADA
SGA

ENDDD
MOLAD, I
NEXPT
IPT
M1i28

" CHECK THE LINE COUNTER

WRITE & MESSAGE TO INPUT MOL. WT.
READ FROM THE TTY .

INTERNAL CONVERSION TO ASCII
CONVERTED NO. LOC.

UALUE TO BE CONUVERTED

ECHO VALUE AND QUEST. VUALIDITY
© FOR NO 1 FOR YES

CHECK THE LINE COUNTER
ECHOED VALUE OK 7

NO = TRY IT AGAIN
YES
IF 2ERO ENTERED, QUIT

IT WAS OK - PUT IN THE BUFFER
SET UP FOR THE NEXT SPECTRUM

7H=¢T



608
0209
@219
2211
oe1e

0213

14

Q21S .

o216
217
218
0219
22
ea221
ecae
oz2a3
o824
o2as
o2es
22a7?
o228
=229
230
o231
o3
233
va3d4
235
@238
3237
238
Q239
o849
241
Qa24e

LNCTR

FNLOP
NOLST

ENDDD

BFADJ

JMP
STA
JHMP

NOP
ISZ
LDa&
ADA
SZA

JMP-

JSB
DEF
JSB
DEF
CLA
STA
LDB

528,

JMP
JMP
JMP

NXSPC
IPT
URITE

LNCNT
M33
LNCNT

LNCTR, 1.

WTTY
HDCPY
WUTTY
CLRSC

LNCNT
FINAL
RSS
NXSPC
NXBAS
LNCTR,1I

CLB,INB

STB
CLA
CPA
JMP
JMP
NOP
STA
LDA
STA

LDA
JMP

FINAL

LNCNT
NOLST
FNLOP

TEMP1
IPT-2
BFADD
TEMP1
BFADJ, I

.. INCREMENT THE LINE COUNTER.

33 LINES WRITTEN ?
NO - RETURN
YES — TURN OM HARDCOPY UNIT

CLEAR THE SCREEN

CLEAR THE LINE COUNTER
AT END OF LIBRARY

GO DO SOME MORE

COMPARE WITH LINE COUNTER - IF 4
THEN NO HARDCOPY
PRINT THE LAST PAGE

SAVE THE A REGISTER

GET VALUE CONTAINED IN LAST WORD <BUFFR>
STORE IT IN WORD PRECEEDING CBUFFR>
RESTORE THE A REGISTER -

RETURM

CHh=CT



@323

0384
@325
@386

. 0387
R3E8-

9389
03902
@391
0392
0393
0394
@395
396
Q397
398
0398
Q400
401
o402
2403
Q404
Q405
0406
2407
2408
04038
0410
0411
o412
Q413
@414
2415
Q416
41’7

STATEMENTS 243 THROUGH 385 ARE SUBROUTINES °'WITY' AND °RDITY'
TELETYPE SUPPORT ROUTINES COPIED FROM GC/MS SOFIWARE. THIS
CODING IS PROTECTED BY AGREEMENT BETWEEN E.I.DU PONT CO, AND
THE UNIVERSITY OF TEXAS,

ERMON NOP
LDA

: CHECK FOR ERRORS IN EFMP CALLS
ERRNO GET ERROR TYPE NO.

8ZR,R5S

JMP
CLA
CLB
JSB
DEF
DEF
DEF
LDA
JSB

ESTOP NOP
JSB
DEF
JSB
DEF
DEF
NOP

X

ERROP OCT
ASC
OoCT

FRMT @SC

X

X

X WORK

X

STMSG OCT
OCT
QoCT

ERMON,I IF ZERO RETURN

.DI10. SET UP FOR INTERNAL CONUERSION
ERROP ERROR OUTPUT BUFFER

FRMT

ESTOP

ERRNO

»I0I.

WTTY

ERROP WRITE THE ERROR MESSAGE
EXEC EXEC PROGRAM TERMINATION
X+2

EFMPE

o

B, PROGRAM HALT
o

e, 12>

AREA FOR PROGRAM
15437

15414
é41a

bh=¢CT



2418
0419
©420
@421

Q4cee
0423

0424
Q42S
2426
o427
0428
@423
2430
Q431
@432
@433
0434
@435
@436
Q437
2438
@439
Q440
o441
o442
@443
2444
2445
446
0447
Q443
@449
B4so
451
a45a

FINAL
MASNO
RCODE
EFmP1
OPNTB
OPNSZ
NOTRB

TRBSZ
TRBUF
ERRNO
EFtP4
FNAME
PAKNO
RCDNO
SCODE

CLRSC

INPTM

CRLF

oCT

ASC
oCT
ASC
oCT
RSC
oCT
QCT
ocT
oCT
ocT
ocCT
BSS
DEC
DEC
DEC
DEC
BSS
BSS
ocT
ASC
DEC
DEC
DEC

oCT
OCT
DEC

OoCT
ARSC
oCT
OCT
ocCT

6412

17, THIS PROGRAM ALLOWS ENTRY OF THE
14,MOLECULAR . WEIGHT IN CPD <{1D>

6412 :

15,GIVE THE STARTING SPECTRUM NO.
641ig -

14, , 9999 FOR PROGRAM HALT.

b4iz

@

<) FLAG AT END OF LIBRARY
2]  SEARCH PARAMETER

230 EFMP TVPE EXEC CALLS

1 DEFINE FILES

128 OPENED FILES TABLE

128

1 NO. OF TEMP. RECD. BUFFERS
1

10

1280

1 LOC. FOR ERROR NUMBER
4 OPEN FILES

3,LIBR

111 |

%) SEQUENTIAL ACCESS

o SECURITY CODE

15437 CLEAR THE SCREEN

15414

%)

8412 |

10,GIVE MOL.UT.(@=STOP)

Q

8412 CARRIAGE RETURN - LINE-FEED
@

re T



8453 LNCNT OCT
0454 SPCNT OCT
@4t EFMPS OCT
2456 BFADD OCT
0457 BUFFR BSS
Q458 OCT
2459 IPT oCT
0460 BUFFA DEF
0461 BUFAD OCT
0462 NwDS OCT
@463 NEXPT OCT
9464 EXTNO DEC 9999
0465 MiEg DeEC -128
8466 INDEX OCT @

8467 OPTMW ARSC 2, (
Q468 OUTMW ASC 1,

LINE COUNTER FOR PRINT OUT

READ A SECTOR ,
.LOC. FOR NO. WORDS IN SPEC ON OCCASION

SOOWrO=LOMNe®

469 ASC 1,
0470 &sSC 3, OK?)
471 CCT @

@472 FORMT ASC 2, (14)

473 M33 DEC -33

@474 HDCPY OCT 15427

475 MOLAD OCT o ADDRESS OF MOL. WT. IN BUFFER
0476 M1 ocT -1

@47? ENDFL OCT @

478 BUFID OCT @ ADDRESS OF THE ID IN BUFFER
@478 EFMP8 OCT 10 :

048@¢ TEMP1 OCT ©

0481 TEMP2 OCT ©

2482 MOLWE OCT ©

483 C32 OCT 40

2484 RUBO OCT 177 RUBPOU

d485 X

@486 X

@487 X

Qh=CT



0422
2489
2490
2431
2492
0493
V4324
Q4GS
@486
0497
0498
0499
Q50
aSe1
esea
@5e3
o5e4
vSet
o5e6
57
5es8
os5es
@519
o511
esle
A513
0514
o515
@516
o517
@518
o519
Q528
o521
ebaa

¥

IPTER NOP
JSB
DEF
LDA
NOP
ADA
ADA
STA
JMP

IPTRA DEF

IPMSG. OCT
ASC
oCT

X

X

WRTID NOP -

X

¥ ALLOWS

b 4
LDA
STA
182
LDA
eTA

MORID LDA
LDA
STA
152
IsZ
S2A
JMP
JSB
DEF
JMP

WUTTY
IPMSG
IPTRA, I

Mi

M1
IPTER
IPTER, I

IPTER

6412

UWURITE AN ERROR MESSAGE
LOC. OF THE MESSAGE

GET THE RETURN ADDRESS

SET UP TO TRY AGAIN

CR/LF

13, INPUT ERROR - TRY AGAIN
o .

USE OF <WTTY> INDIRECT

WRTID, X
IDAD
WRTID
JBUFF
INBFF
IDAD, I
A, I
INBFF,I
INBFF
IDAD, I

MORID
WwTTY
INBUF
WRTID,I

SAVE THE <ID> ADDRESS
SET UP FOR RETURN

TRANSFER THE ID

WRITE OUT THE ID



9523 X

0524 INBUF BSS 32
o5es OCT ©
¢526 IDAD OCT ©

eSe? JBUFF DEF INBUF

QSEB INBFF OCT @
0529 X

053¢ SPOUT ASC 3,
531 OCT ©
0532 END MOLWT
k¥ LIST END XXxX

L

{v—-€T
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APPENDIX II

PROGRAM EXECUTION OQUTPUT:
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.
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APPENDIX II

A

A REPRESENTATIVE SEQUENTIAL LISTING OF ENTRIES
IN THE MASS SPECTRAL LIBRARY



P2 A fub b fob b b b R b :
COANNNAURNFPSONINNDWR -

RN
TN T2ON®

BLR-0001
BLR-0002
BLR-~0Q03
BLR-0004
BLR-0005
BLR-0206
BLR-0007
BLR-02008
ELR-0009

- BLR-0010

BLR-001 1
ELR-0012
BLR-0013
BLR-0014
BLR-0015

 BLR-Q@16

BLR-0017
BLR-0018
BLR-0219
BLR-0020
BLR--0021
BLR-0022
BLR-0023
BLR-0024
BLR-0025
BLR-0026
BLR-0027
BLR-0028

GC/MS MASS SPECTRAL LIBRARY LISTING

2501
2501
2501
2ho2
esea
aeoa
2503
2503
2503
2504
e5o04
2505
2505
2526
2506
2508
2506
2507
2507
2507
2508
2508
2508
c5es
2509
2509
2509
2510

MEPERIDINE

NOR-MEPERIDINE

MEPERIDINIC ACID METHYL ESTER

NOR-MEPERIDINIC ACID TMS ESTER

MEPERIDINIC ACID TMS ESTER

NOR-MEPERIDINIC ACID TMS ESTER N-TMS DERIVATIVE
NOR~-MEPERIDINIC ACID ETHYL ESTER N-TMS DERIVATIVE
NOR-MEPERIDINIC ACID METHYL ESTER

ACETOPHENETIDIN

ACETAMINOPHEN METHYL ESTER

ACETAMINOPHEN TMS ESTER

ACETAMINOPHEN GLUCURONIDE METHYL ESTER TMS ETHER
INDOMETHACIN METHYL ESTER

INDOMETHACIN TMS ESTER

4-CHLOROBENZOIC ACID METHYL ESTER (FROM INDOMETHAC
4--CHLOROBENZOIC ACID T™MS ESTER
2-METHYL~5-METHOXKYINDOLE-3-ACETIC ACID ME ESTER (F
1,2=-DIMETHYL-5~-METHOXYINDOLE-3~ACETIC ACID ME ESTE
1-(4~-CHLOROBENZOYL )-2-METHYL~5~TMSO-INDOLE~3-ACETI
1-(4-CHLOROBENZOYL )-2-METHYL—-5~TMS0- INDOLE-3-ACETI
E-METHYL—S—METHOXYINDOLE~3-QCETIC ACID TMS ESTER (
CLOFIBRATE

- (4-CHLOROPHENOXY )~2-METHYLPROPIONIC ACID TMS EST
2— (4-CHLOROPHENOXY )—2-METHYLFROPIONIC ARCID ME ESTE
CLOFIBRATE GLUCURONIDE METHYL ESTER TMS ETHER
PROPYLPARABEN METHYL, ETHER

PROPYLPARABEN TMS ETHER |

SALICYLIC ACID METHYL ESTER TMS ETHER

PAGE 1

(FROM INDOMETHACIN
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APPENDIX II
c
A PARTTAL LISTING, THROUGH MASS 20, OF

ENTRIES IN THE MASS SPECTRAL LIBRARY ACCORDING
TO THE MASS OF SIGNIFICANT PEAKS



NG FULLUWLINTG DFEVIKH FRVE B FRUCHLNARNT PERK /AT 12 ¢ X = PBASE PERK)

682 LRL-0912 0051 CARBON SUBOXIDE

THE FOLLOWING SPECTRA HAVE A PROMINANT PEAK AT 13 ( X = BASE PEAK)
6088 API-134%5 1678 8,9, 10, 11-TETRAHYDRONAPHTHO(2, 1-B YTHIANAPHTHENE

THE FOLLOWING SPECTRA HAVUE A PROMINANT PEAK AT 14 ( X = BASE PEAK)

462% LRL-0034 0009 KETENE
470 LRL-2233 0011 HYDRAZOIC ACID (AZOIMIDE)
478 API-0760 6912 ETHYLENE OXIDE (GAS)
TE1 GCC-0035 0966 BETA-PROPIOLACTONE
1854 API-0773 0332 METHYL CHLOROACETATE (GARS)
2449 DOW-2257 0492 ACETYL BROMIDE
3235 MOR-0113 6713 METHYL NICOTINATE
5664 AST-193% 1492 GLYCOL DIMERCAPTOACETATE
5665 COC-1935 1493 GLYCOL DIMERCAPTOACETATE
5873 MOR-0160 1575 FARNESOL

G6-¢tT1



THE FOLLOWING SPECTRA HAVE A PROMINANT PEAK AT

492X
403
404
405
406
479
471
478
481
482
S06
S16
560
564
573k
576
581X
592
597
617
631
634
649
676X
751
763
756
57
759

MIT-0207
API-2110
API-0060
API-@eo1l
DOW--2©0e3
LRL-@©633
API-8763
AP1-0°769
DOW-0239
DOW-~0242
API-8761
AP1-0088
API-1141
API-O768
LRL-0047
AP1-0085
LRL-0009
GRC~0028
API-1127
API-0770
GDC-0001
API-0836
API-9O762
API-1874
GCC—-0035
SCL-~0013
DOW--2602
MOR-0005
AST-o%0a

2645
0001
0001
0001
0001
6011
0011
ooie
o012
9012
0016
0018
ooe’?
0028
114
0030
0031
0033
0034
0038
0940
00414
0044
0049
0066
0066
0067
0067
0067

15 ( X

DIMETHYLSULPHONE

METHANE (GAS )

METHANE (GAS )

METHANE (GAS)

METHANE

HYDRAZOXC ACID (AZOIMIDE)

ETHYLENE IMINE(GAS)

ETHYLENE OXIDE (GAS)

ACETALDEHYDE

ETHYLENE OXIDE

DIMETHYL ETHER (GAS)

CHLOROMETHANE (METHYL CHLORIDE )(GAS)
N-METHYLETHYLENIMINE (GAS)

1, 2—-EPOXYPROPANE (PROPYLENE OXIDE) (GAS)
UINVL METHYL ETHER |
2-PROPANONE ( ACETONE ) (GAS )
AZOMETHANE

ACETAMIDE (ETHANAMIDE)
TRIMETHYLAMINE (GAS)

METHYL ETHYL ETHER (GAS)
1,1-DIMETHYL HYDRAZINE
NITROMETHANE (GAS)

DIMETHYL PEROXIDE (GAS)

METHYL-N, N~DIFLUORCAMINE
BETA-PROPIOLACTONE

VINYL FORMATE

PYRUVALDEHYDE

PYRUUALDEHYDE

METHYL UINYL CARBINOL

= BASE PEAK)

96-€1



761
792
799
801
817
8e9
854
881
885
896
897
898
ge2
o932
938
948
1000
1005
1016
1045
1046
1258
1063
1068
1083
1129
1131
1140
1142
1143
1154

API-~0779
LRL-0930
GCC—0041
API-~1133
DOT-90158
API-0781
LRL~2045
API-@771
API-1089
CCC-0010
DOW-1456
GCC-0030
ARC-2019
LRL-0016
GRC-0038
API-1875
LRL~-©036
AST-1216
AP1-0794
DOS-0019
MOR-0086
API~0782
KOP-0016
API-0783
API~-@796
GDC~0004
AST—-1218
DOW-1352
MOR-0010
DOT-0130
DOLI-234S

0068
a4
0076
Q76
0089
vo8s2
0087
oR94
0095
097
0097
097
0e9&
0105
0106
0108
o121
eigze
o124
0131
0132
0134
0135
0137
0140
0151
0151
0153
0154
0154
0156

1o
ETHYL ETHENYL ETHERCETHYL VINYL ETHER) (GAS)
FORMALDEHYDE DIMETHYL HYDRAZONE
METHYLTHIOCYANATE
N,N-DIMETHYLFORMAMIDE (GAS)
GLYCIDOL
METHYL ISOPROPYL ETHER (GARS)
TRIMETHYL HYDRAZINE C
R~METHOXY~1~ETHANOL(ETHYLENE GLYCOL MONOMETHYL ETH
DIMETHOXYMETHANE (DIMETHYL FORMAL) (GAS)
ACETYL CHLORIDE '
ACETYL CHLORIDE
CHLOROACETALDEHYDE
DIMETHYL SULFOXIDE
CHLOROMETHYL ETHER
METHYLMALONONITRILE
ETHYL-N,N-DIFLUOROAMINE
METHYL ISOPROPENYL KETONE
CIS-METHYL PROPENYL KETONE
ACETALDAZINE (GARS)
ACETONE CYANOHYDRIN
N-METHYLPYRROLIDINE
2, 3~-BUTANEDIONE (DIACETYL I (GRS)
BUTADIENE DIOXIDE |
METHYL 2-PROPENOATE(METHYL ACRVLATE )(GAS)
ETHENYL ISOPROPYL ETHER(VINYL ISOPROPYL ETHER)(GAS
N,N~DIMETHYLACETAMIDE
N, N-DIMETHYLACETAMIDE \
CYCLIC ETHYLENE CARBONATE
PYRUVIC ACID
ETHYLENE CARBONATE
ALDOL

LS-€1



1173
1e27
1230
1237%
1238
1eSe
1258
i26S
1269
1321X
1322
1329%
1366
1368
1490
1491
1492
1493
1627
1529
1533
1614
1624
1631
1715
1758
1761
1809
1854
19600
1911

BIE-0612
QUA-0004
CYA-0004
API-0769
DOW-1318

 API-9784

APTI-1113
API-1145
API-1090
MOR-0Q74
DOW—-o4ce
AST-1653
COC~0005
API-0815
DOS-002S
GDC-9013
GDC~00811
MOR-0021
MOR-0091
COC~4484
COC~-4560
API-0810
DOW-~-1343
DOT-0027
GRC~0007
AST-0021
LRL-0021
MOR-2093
API-0773
MOR~009S5
AST-1143

0160
o172
8173
0174
0175
0179
Q179
01814
0182
0195
0195
0197
oces
0208
o240
0240
0240
o241
0249
0250
o251
o271
o273
o27b
0295
0327
0307
9319
0332
0344
0348

15
ACETOIN
ETHYL CARBAMATE (URETHANE)
3-METHOXY PROPYLAMINE
METHYL CARBONATE (GAS)
DIMETHYL CARBONATE
DIETHYL PEROXIDE (GAS)
1,1-DIMETHOXYETHANE (DIMETHYL ACETAL) (GAS)
1,2~-DIMETHOXYETHANECETHYLENE GLYCOL
1,1-DIMETHOXYETHANE (DIMETHYL ACETAL) (GAS)
METHYL BROMIDE
BROMOMETHANE
DIMETHYLSULPHONE
2,5 DIMETHYLFURAN
2,5-DIMETHYLFURAN (GAS)
METHYL CYANOACETATE
N,N-DIMETHYL ACRYLAMIDE
N-ETHYL ACRYLAMIDE
8~METHYLPYRROLIDONE
2, 3-PENTANEDIONE
4-METHYL-2-PENTANONE
ISOBUTYL VINYL ETHER
2~-METHOXYETHYL ETHENYL ETHER
2-METHOXYETHYL VINYL ETHER
METHYL IS0-BUTYRATE
METHYL HYDRACRYLATE
2, 2~-DIMETHOXYPROPANE y
a,2~DIMETHOXYPROPANE (ACETONE DIMETHYL ACETAL)Y
TRIMETHYL ORTHOFORMATE
METHYL CHLOROACETATE (GAS)
8~-METHOXYPYRIDINE
DIMETHYL SULFITE

oC-CT



p 8-
1912 DOUW-4121 0348 3-CHLORO-1,2-PROPANEDIOL
2019 API-1154 90379 ACETONE AZINE (KETAZINE) (GAS)
2185 AST-9123 9424 TERT-BUTYL ACETATE
2186 API-1149 0424 4-HYDROXY-4-METHYL-2-PENTANMONE (DIACETONE ALCOHOL)
2195 MOR-0101 0427 AMYL FORMATE
2401 DOT-0145 0479 TRIMETHYL ORTHOACETATE
2449 DOW-2257 0492 ACETYL BROMIDE
23450 ARC-2020 V493 ACETYL BROMIDE
2479 GCC-0037 0501 2-FLURANACROLEIN
2485 MOR-9078 0503 P-CRESYLMETHYL ETHER
2529 GCC-9028 0516 DIMETHYL CHLOROACETAL
2595 MOR-0108 8518 M-METOXYPHENOL
2565X% DOS-0064 0526 1,1-DICHLOROPROPANONE
2566% CCC-00R25 0527 METHYL SULFATE
3601 51K-2005 0538 METHYL SORBATE
2602 AST-0911 0538 METHYL SORBATE
2638 DOS-0071 0549 DICHLOROACETIC ACID
2666 SIK-2004 0557 METHYL S5-HEXENOATE
2674 AST-0912 9559 METHYL HEX-2-ENOATE
2677 SIK-2001 0560 METHYL 3-HEXENOATE
2679 SIK-2003 0561 METHYL 4~-HEXENOATE(CIS)
2680 SIK-2002 0561 METHYL 4-HEXENCATE
2681 SIK-2000 0561 METHYL 2-HEXENOATE
2808 GUR-1937 0594 METHYL HEXANOATE
2889 AST-1937 0595 METHYLHEXANCATE
2811 MOR-0111 9595 METHYL CAPROATE
2843 UWUR-1766 9603 METHYL ISOHEXANOATE .
2884 CYA-~0015 9613 3-DIETHYLAMINO PROPYL AMINE
2907%X ARC-0003 0621 DIMETHYL MALONATE
2928 DOT-009S 0626 1,3,3-TRIMETHOXYPROPENE
2036 API-1150 9658 BIS—(2-METHOXYETHYL)ETHER

AC=CT



3235
3262
3303
3338
3385
3608
3803
3814
ag??
3893
3979
4031
4193
42a23%
4242
4350
4351
4415
4475
4553
4588
4754X
4755
4757
4762%
4803
4853
5443
£498
5591
5609

MOR-2113
MOR-0114
MOR-©115%
BIE-0595
MOR-@@37
ARC-002c

AST-0932

API-0834
DOW-~1949
MOR-0123
MOR-0126
AST-1244
MOR~2132
DOT-8188
Usli-1900
DOT-2873
MOR-008Q
MOR-0138
MOR-0142
MOR-3143
AST-1246
API-1397
UsIi-1901
RYS-0030
API~1396
DOS—-0090
DOT-00°71
DOW-0518
usIi-19e3
MOR-0158
COC-0683

0713
o7res
0733
0744
0757
2820
o881
0833
0900
0905
@931
0961
0992
1001
1007
1041
1041
1068
1082
1110
1121
1173
1173
1174
1175
1187
1203
1408
1427
1464
1470

iS
METHYL NICOTINATE
VINYLCYCLOHEXENE DIOXIDE
2,6~-DIMETHOXYPYRIDINE
FURFURYL ACETATE
METHYL DICHLOROACETATE
DIMETHYL SUCCINATE
BENZYL., ACETATE
1-PHENOXY-2~PROPANONE
METHYL. BROMOACETATE
UANILLIN
METHVL 2-~0CTYNOATE (METHYL HEPTYNE CARBONATE
METHYL 4-METHYLCYCLOHEXANECARBOXYLATE
METHYL CAPRYLATE
1,1, 1-TRICHLORO-PROPANONE
DIMETHYL GLUTARATE
METHYL ORTHO N-VALERATE
TRIETHYL ORTHOACETATE
EUGENOL
3, 4-DIMETHOXY BENZALDEHYDE

METHYL 2-NONYNOATE (METHYL OCTYNE CARBONATE)

METHYL ALFA,BETA~DICHLOROISOBUTYRATE
DIMETHYL HEXANE-1,6-DIOATE (GAS? -
DIMETHYL ALFA-METHYL GLUTARATE

METHYL HEXANE-1,6-DIOATE

1,6~DIMETHYL HEXANEDIOATE (GAS)

METHYL TRICHLOROACETATE

BIS-(2-METHOXYETHYL > CARBONATE
1,2-DIBROMOPROPANE

DIMETHYL SUBERATE

METHOXYTRIGLYCOL ACETATE
3-METHYL-1-(2,4,6-TRIMETHYLPHENYL )-1-BUTANOL

09-tT



5664
5665
&85
6008
6023

19
AST-1935 1492 GLYCOL DIMERCAPTOACETATE

COC-1935 1493 GLYCOL DIMERCAPTOACETATE
USI-1984 139 DIMETHYL AZELATE
USI-1906 1637 DIMETHYL ALFA-ETHYL SUBERATE

DOW-4692 1643 1,1, 1-TRIMETHOXY-2-CHLORO—2-BROMO-ETHANE

19-¢T



THE FOLLOWING SPECTRA HAVE A PROMINANT PEAK AT

403%
404X
495X
496X
497
4038
4109
445
445
524
666
910
1705
2129
3235
6996

API-0110
API-00c0
AFPI~0001
DOW-00e3

AP1-0039

API-0458
API~-0457
ROC-o001
API-1110
ROC-96@3
DOW-~-1294
LRL-0003
DOoW-201%?
API~-15659
MOR-0113
ARC-0651

0001
0001
0091
0001
0001
0001
oeoz
0007
007
0019
0047
0102
0293
0408
0713
ccee

METHANE(GAS)

METHANE (GAS )

METHANE (GAS)

METHANE

AMMONIA(GAS )
MONODEUTEROMETHANE (GAS)
DIDEUTEROMETHANE (GAS)
HYDRAZINE

HYDRAZINE (GAS)

OXYGEN DIFLUORIDE
1,1-DIFLUOROETHYLENE~2,2-~-D2
AMMONIUM CARBAMATE
SILICON TETRAFLUORIDE
CIs~2,5~DIMETHYLPIPERAZINE
METHYL NICOTINATE

METHYL GREEN

1€

¢

X

= BASE PEAK)
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407X
408X
410
411
445
446
S10X
1143
1332
1705
219X
227?
2784X
3803
6996

AFPI-0030
API-@4E8
ARI--04%7?
ARPI-2456

ROC-2001

API-1110
LRL-2023
DOT-0130
KOP-02017
DOW~-20617
API-15S9
ARC-0032
DOW-2348
AST-08932
ARC-0051

0001
0001
0002
@002
0007
0007
0102
0154
0198
0293
0408
0447
0588
0881
22ne

AMMONIA(GAS )
MONODEUTEROMETHANE (GAS)
DIDEUTEROMETHANE (GAS)
TRIDEUTEROMETHANE (GAS)
HYDRAZINE

HYDRAZINE (GAS)

AMMONIUM CARBAMATE
ETHYLENE CARBONATE
3-CHLORO-1-PROPANOL
SILICON TETRAFLUORIDE
CIls-2,5-DIMETHYLPIPERAZINE
SUCCINIC ACID
ALPHAHYDROXYADIPALDEHYDE
BENZYL ACETATE

METHYL GREEN

4r

\

L]

- Do TR/
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THE FOLLOWING SPECTRA HAUE A PROMINANT PEAK AT

499X
410%
411
412
428X
452
488X
498
537
558X
S6aXk
631
636X
756
%9
86
817
854
860X
861
870X
887
89X
927k
1143x%
1154
1157%
1230
1233%

DOW-8232
API-@45%7
API-0456
API-0455

DOU-2234

DOW-1099
GRC-2035
DOW—a24a
DOW-0244
DOT-ee21
DOW-a718
GDC—0021
DOS—-2003
DOUW-2602
AST-0902
SIK—-1226
DOT-0158
LRL-0045
DOS-0007
DOS—-0008
pou-2718
MOR-00@7
DOS-001a
DOL-3879
DOT-0130
DOW-2345
DOT-0132
CYA-0004
DOosS~ooce

2001
0002
802
0002
0004
0208
0013
0015
oo22
0026
0027
00402
0041
P067
0067
07?3
00RO
087
0089
0089
0091
0095
0098
0104
0154
9166
9157
0173
9173

WATER

DIDEUTEROMETHANE (GAS)
TRIDEUTEROMETHANE (GAS)
TETRADEUTEROMETHANE (GAS)
FORMALDEHYDE
METHAN-D3-0OL

FORMAMIDE (METHANAMIDE)
FORMIC ACID

ACROLEIN
GLYCOLONITRILE

GLYOXAL

1,1~-DIMETHYL HYDRAZINE
ETHANOLAMINE
PYRUVALDEHYDE

METHYL VINYL CARBINOL
TRANS-2-BUTEN-1-0L
GLYCIDOL

TRIMETHYL HYDRAZINE
1-AMINO-2-PROPANOL
2~-AMINO-1-PROPANOL
GLYCOLIC ACID

PROPYLENE GLYCOL
FLUOROACETIC ACID
HYDROGEN BROMIDE
ETHYLENE CARBONATE
ALDOL

ALDOL

3-METHOXY PROPYLAMINE
2-AMINO-1-BUTANOL

18

(

p 4

= BASE PEAK)
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1235
1243
1268
1293
1332
1515%
1629
1707
1718
1783
1864
1890%
1931
2070
2079
2158
2159%
2251
2276
2277X
2433%
2519
2540
2542%
2643
2672
2764
a784
2918
3355
3384

DOW~-1960
MOR-0@11
GDC-0008
MOR-0O1R2
KOP-0017
DOW-2067°
DOT-0169
DOU-2477
DOT-90152
ARC-2007
GRC-0006
DOS-0043
SCL~e0e2
DOS-0053
DOW-4526
DGU-5059
ARC~0022
SCL-o0la
DOW-—-2e7a
ARC-0032
DOS-0058
API-1349
DOL-2653
DOL-5243
DOS5-06070
DOLI-4570®
ARC-0049
DOW~-2348
DOW~-1665
SIK-1v8@
DOUW—-2054

0174
o176
o182
2188
01938
o246
0274
0293
o296
0313
0334
0341
0353
0394
0397
0416
2416
0449
0447
0447
0488
0513
0520
0520
0550
0559
0582
0588
0623
0749
0757

OXALIC ACID

LARCTIC ACID

1,2-BUTANEDIOL

GLYCEROL

3~CHLORO-1-PROPANOL
GLUTARALDEHYDE

TRIMETHYLACETIC ACID (PIVALIC ACID)
2—-CHLOROCROTONALDEHYDE S
ETHOXYACETIC ACID

DIETHANOLAMINE

DEUTERATED MALONIC ACID
2-AMINO-3-METHYLPYRIDINE
DIMETHYL (VINYL-ETHINYL) CARBINOL
TRIFLUOROACETIC ACID
2-HYDROXYCYCLOHEXANONE

MALEIC ACID

MALEIC ACID

2, 4~-DIAMINO~2-METHYLPENTANE
SUCCINIC ACID

SUCCINIC ACID

BENZALDEHYDE OXIME
2,4-DIMETHYL~3-ETHYLPYRROLE (GAS)
O-HYDROXYBENZYL ALCOHOL
P-HYDROXYBENZYL ALCOHOL
2,3~DICHLOROPROPANOL~1

2 (HYDROXYMETHYL YCYCLOHEXANONE
2-AMINO-B-METHYLHEPTANE
ALPHAHYDROXYADIPALDEHYDE
2-METHYL~3, 4-DIHYDROXYTETRAHYDROPYRAN
NONADIENOL

2,2-DICHLOROPROPIONIC ACID

Ca-¢T



3499
3I635%
383X
3838
3293
3945%
4170
4204
4389%
4454
4463%
4464%
4466
4553
4679
4699
4719%
5028
5080
5085
5142
5143
5280
5330%
5369X
5502

5664
5665
5666X%
S878X

DOL-2738
D0OS—0081
AST-0832
SIK-5049
MOR-0123
DOW-2634
LUR-1819
SIK-2054
DOW-1482
DOW-1785
DOW-1850
DOW-1502
DOW-4569
MOR-8143
WUR-1823
WUR-1826
SIK~2055
DOW-2479
DOT-0198
DOtLi~1975
WUR-1835
ARST-1835
DOL~-5167
DOW~4046
DOT-060623
RYS-0035
DOu-2843
AST-1936
COC-1935
DOLI—-18024
DOLI—-4248

g
8845
0881
0993
0905
0920
0986
9995
1054
1e75
1079
1079
1079
1110
1150
1156
1161
1262
1279
1281
1298
1300
1351
1370
1384
1429
1460
1492
1493
1493
1498

i8
2—HYDROXYCYCLOHEXANECARBOXYLIC ACID
1,3~BIS(DIMETHYLAMINO )-2-PROPANOL
BENZYL ACETATE
ISOUANILLIN
VANILLIN
2-DIETHYLAMINOETHANOL HYDROCHLORIDE
N~HEXYL PROPIONATE
1-DECANOL
CHLORAL HYDRATE
A-BROMOBUTVYRIC ACID
ISOPHTHALIC ACID
TEREPHTHALIC ACID
PHTHALIC ACID
METHYL 2-NONVYNOATE (METHYL OCTYNE CARBONATE)
N-HEPTYL PROPIONATE
2-METHYLBUTYL ISOPENTANOATE
1-UNDECANOL
O~BENZYLPHENOL
1,2-BIS (2-CHLOROETHOXY) ETHANE
4-PHENYLPYROCATECHOL
DIETHYL DIMETHYLMALONATE
DIETHYL DIMETHYLMALONATE
METHYL AR-(Z2~HYDROXYETHYL JPHENYLACETATE
2~-HYDROXY-5-1SOPROPYL M-XYLENE-f,A DIOL
1 ,3~DICHLOROTETRAF LUOROACETONE
NETHYL 4-METHYLHEPTANE-1, ?-DIOATE
2~-BROMONAPHTHALENE
GLYCOL DIMERCAPTOACETATE
GLYCOL DIMERCAPTOACETATE
1,2,4-BENZENETRICARBOXYLIC ACID

5-SEC-BUTYL-2-HYDROXY-M-XYLENE-ALPHA, ALPHAPRIM DIO

99-¢1



c78%°
5827
c883
591X
5988
€014
6051
6164
6261
tase
65390
6428
6437
6467
6504
€514
6559
6565
6895
6898
6940
6975
6996X

API-1400
DCOW-2454
SIK-2486
GRC-0033
RYS—-0009
DOW-3798

DoW-a2742

RYS-0039
WUR-1838
AST~1838
DOW-1403
DOU—-1946
AST~1839
DOW-3716
MOR-0165
DOW-3717
DOLI-1928
DOW—-2839
RYS—-0021
RYS-0034
DOLI-4380
RYS-0025
ARC-00561

1549
1558
1580
1594
1626
1639
1653
1719
1767
1767
1836
1857
1862
1880
1900
196
1931
1934
2154
2156
2187
2ei3
22a82

2,5-DICYCLOPENTYLIDENE~1-CYCLOPENTANONE (GAS)
3,4-DICHLOROPHENOXY ACETIC ACID
CI1S~TRANS-FARNESOL

DIBENZOYLMETHANE

METHYL N-TRIDECANOATE
1,2~-TETRADECANEDIOL

ALPHA~ (2, 4~-DICHLOROPHENOXY )PROPIONIC ACID
ETHYL 4,4-DIMETHYLHEPTANE~1,7-DIOATE
GAMMA—PALMITOLACTONE

GAMMA-PALMITOLACTONE

OCTADECANOL

9,12-0CTADECADIENOIC ACID (LINOLEIC ACID)
GAMMA~STEAROLACTONE
2~HEXADECYLOXYETHAMNOL

METHYL STEARATE
1-HEXADECYLOXY-2~-PROPANOL

METHYL ABIETATE

DIPHENYL PHTHALATE

METHYL N-PENTACOSANOATE

METHYL DOCOSANE-1,22-DIOATE

DIMONYL PHTHARLATE

N-DOCOSYL N-HEPTANGCATE

METHYL GREEN

ra-¢T



THE FOLLOWING SPECTRA HAUE A PROMINANT PEAK AT
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ABSTRACT

A procedure is described using ammonium pyrrolidine dithiocarbamate
(APDC) 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 APDC-Co
complex in the presence of added s~! 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.

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.
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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 means 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
iﬂferferencés 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 (APDC) 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 APDC co-precipitation
as a trace metal preconcentration procedure for digests of tissues from
STbCS organisms.

Recoveries of Cd, Cr, Ni and Pb were initially studied in a dilute
seawater matrix. Recoveries were acceptable except for Cr (Table 1).
Further work failed to yield acceptable Cr recoveries. Van der Sloot
(1976), using an APDC-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-



TABLE 1

RECOVERIES OF Cr, Cd, Ni AND Pb FROM SEAWATER
BY APDC CO-PRECIPITATION AT pH 4

Concentration Percent Recovery ‘of Element Indicated

Added (ppb) Cr cd Ni Pb
50 162 89% 75% 1202
100 ’ 16% 93% 103% 807

150 5% 967 113% 1007
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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 inxour 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 APDC involves using a
carrier metal to produce a precipitate. The precipitate binds the
metals via mechanisms not yet clarified but probably involving ahsorption
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

t

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.i 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
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TABLE 2
SUMMARY OF PRELIMINARY DEVELOPMENT WORK ON APDC CO-PRECIPITATION PROCEDURE

Co-Precipitation Procedure Peak Height Change, Relative to
Reference Procedure, Resulting
from Modification

Reference | Modification
Procedure to Procedure Cd Ni Pb
No sulfides Sulfide Addition +70% +20% +50%
(pH 1.8) (pH 1.8)
No salt Salt Added -10% +20% 0%
(pH 3.5) 35% NaCl
(pH 3.5)
1507% NaCl -20% +20% ~ 0%
(pH 3.5)
NaCyH302 NH,C»H30, not tested -307 07
Titrant Titrant
pH 1.8 pH 3.2 +230% 07 +70%
pH 1.8 pH 4.5 not tested -20% -30%

pH 1.8 pH 4.5 + salt not tested ~207% +607
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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 ta 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 (NaC;H302) 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. APDC co-precipita-
tion of this titrant prior to use on samples did not redgce the Ni con-
tent to an acceptable level.

Because of its low trace metal content, an attempt was made to use
ultrex ammonium hydroxide (NH4OH) alone as a titrant. This attempt
failed because a flaky APDC precipitate was produced which failed to
adhere to the NUCLEPORE filter. As a result significant amounts of the

precipitate were lost during handling. Addition of acetic acid (HC2H303)



to the NH4OH reversed this effect producing a well-consolidated preci~
pitate.

Finally, an ammonium acetate (NH,C,H30;) buffered titrant was
prepared using reagent acetic acid and ultrex NHyO0H. Both of these com-
pounds had relatively low levels of Cd, Ni and Pb contamination. Also
APDC 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 adequatély by procedural blanks. Previous work had established that
NH4C2H303 was an acceptable buffered titrant for use in co-precipitating
Cd using APDC. Thus further tesis with this solution were conducted only
on Ni and Pb. The decreaée in Ni recovery din the titrant te;t (see Table
2) was apparently due to a lack of Ni contamination in the NHyC,H;0, tit-

rant. Lead recoveries were acceptable using this solution.

Indicator

Preliminary trials indicated that the color variation exhibited by
meta-cresolsulfonephthalein permitted accurate pH matching in the range
pH 1.8 - 2.7. The indicator, after purification by APDC co-precipita-

tién, also yielded blanks with no detectable Cd, Ni and Pb.

Time Before Filtration

The influence of the time interval between co-precipitation and fil-
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.



Filtration Apparatus

PLASTIPACK 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 APDC 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
AAS analysis in the same way as all STOCS BLM organism samples. The
concentration of Cd, Ni and Pb were first determined directly by flame-
le;s AA using standardized procedures adopted for the amnalysis 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 APDC-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.
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Reagent Preparation

pH Indicator: Meta-cresolsulfonephthalein, 0.87% in ethanol, was
diluted 1/5 with distilled water and co-precipitated
with APDC, as described later.

1000 ppm Co: Titrasol 1000 ppm cobalt standard was made up to vol-
ume with deionized water.

2% APDC: Fisher analytical reagent grade APDC was dissolved
in water, 2% w/w, and aged 1 hour before use.

Saturated NaCl: Excess Mallinckrodt 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 APDC before use.

Ammonium acetate buffered titrant: Mallinckrodt 367 HC2H302, analy-~
tical reagent grade, was adjusted to pH 3.5 using
ultrex NH4OH. The solution was co-precipitated with
APDC prior to use.

Sulfide Solution: Hydrogen sulfide was generated from FeS and HEl

in an H2S generator and bubbled through ultrex NH4OH
for two hours.

Co-Precipitation

Strongly acidic sample solutions were stored in polyethylene centri-
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 betwéen additions, one drop pH indicator,
1.6 ml saturated NaCl solution, 0.1 ml sulfide solution, and .05 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 27 APDC

solution previously aged for an hour. Filtration began 10 minutes after

APDC addition and was concluded within 20 minutes.

Filter Leaching

PLASTAINER 5 dram snap cap vials received 0.1 ml ultrex concentrated



HNO; and were set aside. After filtration each filter containing the
APDC 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 HNO; was added.

: Flameless AA Analysis

The concentrations of Cd, Ni, and Pb in the acid leachate of each
sample were determined by flameless AA analysié. 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.

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 APDC
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 64-97% for Cd, 31-112% for Ni and 32-87%
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 much less variable (Z.e. % = 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,
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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 ghe correction factor.
T@is approach permits a quantitative evaluation of the relationships
between thevdependent variable (percent recovery) and independent vari--
ables (pH, énalyte concentrations) as well as any interactions between
the independent variables themselveé.

MLR analysis was conductéd on the standard additions da?a 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.
Hoyever, the MLR model is logical and permits calculation of an objective
correction factor thaﬁ accounts for two major factors affecting recovery,

pH and analyte concentration.

RESULTS AND DISCUSSION
Results of dire;t flameless atomic absorption (AA results) and those
of analyses following APDC co-precipitation and application of a correc-
tion term derived using multiple linear regression (MLR coprex results)

appear in Table 3.
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TABLE 3

CADMIUM, NICKEL AND LEAD LEVELS OBTAINED BY CONVENTIONAL AAS (AA) ANALYSIS
AND BY APDC CO-PRECIPITATION FOLLOWED BY AA ANALYSES (MLR COPREX)
UNITS ARE TOTAL ng METALIN DIGEST ANALYZED

Cadmium Nickel Lead
Sample No. MLR Coprex AA MLR Coprex AA MLR Coprex AA
Mg 3 8.9 25 280 89 97 120
4 12 15 190 110 91 150
5 2.9 - 42 <38 13 8
6 5.3 <8 42 <59 52 36
M 7 16 43 34 <86 86 107
-y 8 4.2 4 10 48 19 <30
g 10 12 10 450 63 180 40
C 12 2.9 1.4 39 <32 30 12
L 13 0.7 0.7 26 <33 22 17
E 14 56 68 420 180 200 350
16 9 <21 87 <110 53 53
T 17 3 4 5 <50 27 <30
I 18 11 12 N.D. <55 160 120
S 20 9 31 54 <100 53 170
S 22 3 2.9 44 <68 23 46
U 23 23 36 240 100 320
E 24 45 41 130 88 85
25 15 30 <82 97 120
27 140 180 230 270 270
28 14 84 <70 74 67
29 21 45 - 290 260
30 4.2 21 N.D. <56 67 110
31 3.3 <9 80 <91 65 <54
35 8 7 2 <30 13 <23
1320 6 7 38 <30 13 <23
G 2 1500 1300 600 600 1610 1600
I 9 4300 7600 830 560 . 980 1400
L 21 650 1200 500 720 440 830
L 26 310 430 240 470 270 1400
L 1 10104 6300 420 190 260 2230
I 11 2000 3800 45 <130 140 240
v 15 2100 1100 48 <53 59 100
E 19 140 ‘88 120 40 96 130
R 32 190 220 76 <70 300 380
33 2400 3200 130 260 190 400
36 550 300 240 110 420 420

N.D. - Not detectable
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In order to reduce the detection limit fér 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). Resﬁlts 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
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 (95Z confidence interval) of the expected value.

This emphésizes the variability intrinsic in the method. For the other
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Figure 1. Scatterplot of Cadmium in Muscle Comparing Results of
Flameless AA Analysis Before and After APDC 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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Data Points Represent Total Amount of Metal in Each Sample
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COMPARISONS OF ANALYSIS MEANS OBTAINED BY FLAMELESS ATOMIC""A‘BQ(').RPTION
WITH AND WITHOUT APDC CO-PRECIPITATIVE PRECONCENTRATION

TABLE 4

t

Ratio of means

-x 100 + 1 standard deviation

Results of paired t tests com-

paring analyses with and with-

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
Liver Cd 116 + 45% 6 0.5 >0.5
Ni 150 + 84% 3 0.98 >0.4
Pb 78 £ 15% 2.09 >0.1
Gill Cd 64 + 50% 3 1.18 >0.4
| Ni 93 + 33% 3 0.36 >0.5
Pb 64 + 27% 2.13 >0.2

* From paired t tests performed comparing AA values on each sample with or without coprecipitation.

H7-9T



TABLE 5

COMPARISONS OF CONVENTIONAL ATOMIC ABSORPTION VERSUS MLR COPREX
RESULTS ON NBS STANDARD BOVINE LIVER.
RESULTS ARE REPORTED A$ ngms OFMETAL 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
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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 Eb
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 51% 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 -preconcentration 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-



- 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
11 fish 1iver 26 32
13 muscle 97 76
15 fish liver 70 63
16 muscle 50 42
17 muscle 89 9 - 54 48
18 muscle 70 nd
20 muscle 57 31
22 muscle m 72
30 muscle 48 nd
N 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 32.3 824
Muscle Tissue 9.75 5.3 54% - 64.83 0 37.4 57% 39.3 32.3 g2y
Bovine Liver 4.8 1.8 388 93 10] 92% - — -
Fish Liver -- -- -- 48 48 100% -- -~ -

2" _daT
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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 previouély
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.
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ABSTRACT

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, Elant
nutrients, plant biomass, species abundances, and near bottom 1%C uptake.
A variable nepheloid layer was encountered durihg each cruise; only the
first two cruises had associated phytoplankton abundances. These phyto-
plankton accumulations were composed of both pelagic and benthic species.
Net '“C uptake was detected within these layers under in situ conditioms.
Evidence suggests that this layer may be especially vulnerable to energy
related activities.



INTRODUCTION

Near-bottom increases in suspended sediments (nepheloid layer by
analogy to deep sea terminology) are réadily 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
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 al.
(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
related 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/I1) 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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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 pein m~? sec~! of incident light (400-700 nannometers)
to balance photosynthesis and respiration (Strickland, 1958), the available
light penetrating through the water column to the 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 al
(1975) and ﬁartwig (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 Tramsect 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

chosen based on Figures 1 and 2 which demonstrate the relationships



15-5

140~

1204

100~

€0+

40-

PHOTIC ZONE DEPTH (m)

204

O 20 40 € 80 00 (20 140
1 2 3
WATER DEPTH (m)

Figure 1. Comparison of Water Depth and Photic Zone Depth at All
Stations Occupied Along Transect II During 1976.
(Numbers on Graph Denote Months of Year.)




15-6

140+

120+

100

PHOTIC ZONE DEPTH (m)
(0]
o
[]

s 8 &
60+ 4]
7
7 7
i .
- 12
40 942 3 3
% 49 3
I 5 [
20+ s ' J
)

0 20 40 60 éO IéO IéO |4I»O
1 4 2 5 6 3

WATER DEPTH (m)

Figure 2. Comparison of Water Depth and Phatic Zome Depth at All
Stations Occupied Along Transect II During 1977.
(Numbers on Graph Denote Months of Year.)




15~/

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 (MARTEK), STD (PLESSEY 9060), submarine photometer (LAMBDA),
and pump-fed fluorometer (TURNER DESIGNS, Source: F4T5 Fluorescent lamp,
Excitation filter: 5—60 filter: Emission filter: 2-64 filter; photomulti-
plier: R446 infréred sensitive) blanked with distilled water. Discrete
samples were collected from a second pump profile for determinations of
plant nutrients [NO3, NO,, NH4, POy, Si(OH)4], chlorophyll a and phyto-
plankton species abundances at selected depths. Plant nutrients (except
NHy), 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). NH, 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
zone. In situ 1"C-uptake experiments were performed on water collected
at 0300 with a 30-%2 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



15-8

dark, inoculated with 2.5 uCi of NaH!%C0,/125 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 ym NYTEX mesh and a 0.45 yum MILLIPORE filter. The 0.45 uym MILLIPORE
filters were counted on a PACKARD liquid scintillation counter. Since
alkalinities were not determined on a sample f;om the NISKIN bottle, a
reasonable estimate of W=24000 was made in the calculation of mgC m~3 hr-!?
(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-

mination within a cruise. The reported values may thus slightly under-

estimate the actual concentrations.
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RESULTS

The data collected during the four NEPHY cruises are listed in
Appendices A through C. Appendik 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 1% 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 nepheloid 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 POy, NO3, and NO2; Si(OH)y and NH,
(Figure 7) showed a t;ndency to increase near the sediment interface.
Ih,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 mére 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

and centric diatoms. The former was dominated by the Nitzschia sps.; the
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latter was dominated by Rhizosolenia sps. and Hemiaulus sps.
Appendix C-1 shows that net carbon fixation occurred in both the
net (> 20 um) and the nanno (< 20 um) size fractions under in situ light

conditions.

NEPHY IT1

During the first six profiles, this cruise encountered a fluctuating
nepheloid layer (8-18 meters thick) that averaéed 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 5-10% 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.
POy, NO3, and NO, showed little structure in the water column; NHy con-
céntration (Figure 14) was erratic, but occasionally increased toward the
bottom. Si(OH), 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 iZn vivo fluorescence and the chlorophyll a data.

The C/P ratio increased toward the bottom again suggesting decreased

grazing activity.
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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 - Hemiaulus sps.,
Rhizosolenta sps.; Dinoflagellates - Gonyaulax polygramma.

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 ym) and nanno (< 20 um)

fractions had significant carbon uptake under <z situ light conditionms.

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 1% light level (400-700 nm) centered around
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. NHy (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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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 &epth suggesting increased grazing activity.

Appendix B-3 demonstrates the pennate dominance of the generally

low population abundances. WNitzschia sps. were the most abundant pennates.

NEPHY IV

This cruise encountered a developed nepheioid 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 accurred 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), and POy were generally unstructured with depth; NOs3 and NO2 both
increase within five meters of the bottom. NH, (Figure 28) was erratic
but generally increased in the near bottom samples. Chlorophyll a
(%igure 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 Thalassionema nitaschioides;

the latter by Chaetoceros sps.

DISCUSSION

Specific

All cruises demonstrated the dynamic state of the nepheloid layer.
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Figure 28. Plot of NH, concentration (ug-at N 2=') 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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The thickness and density of the layer changed within a few 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 thermocline (~ 5°C); no halocline;
surface water clear (Secchi depth ® 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 = 12 meters).

Oxidized plant nutrients most consistently increased with depth during
NEPHY III and IV. Silica showed an abrupt increase throughout the water
colﬁmn 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 denmse
dinoflagellate population. This is especially likely since the tempera-
ture and salinity did not change significantly at that time. NH, 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-
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 1%C uptake
data showed that the nepheloid layer supports net production during the

summer months.
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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
ug 2='). 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
(> 20um) 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 2=t in June, and of 1.9 ug 2= 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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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 al., 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 ''morthers'". The longest anticipated season for a deep
productive zone would probably be between early June and late September,
a period of about four months.

The p;rpose 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 al.,
1974; Winters et al., 1976; and Batterton et al., 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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CONCLUSIONS

1. The nepheloid layer corresponds to a zone of concentrated phyto-
plankton biomass and active phytoplankton production during the summer
months ini 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.
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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:

water depth (meters);

transmission (percent);

salinity (ppt);

temperature (°C);

surface and subsurface light between 400-700 nm
(vein. m~? sec~');

light percent at depths;

in vivo relative fluorescence;

PO, (ug-atP &7');

S1(OH), (ug-at Si 2~1);

NO; (ug-at N 2-1);

NOz (ug-at N 2~1);

NHy (g-at N 271);

chlorophyll a (ug -1y,

chlorophyll-phaeopigment ratio.
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DATE: 16297H CRUISF NUMBER: I~ PRIFILE NUMBERS 1 TIMET BudA SECCH] DEPTH: .

DEPTH THANS, SAL, TEMP, LIGHT LIGHT FLUOR, POy s . NO3 NO2 NH4 CHLA c/p
SURF, SuUR, 0/0 :

n T4.n 32.33 28,42 . . . . . . . . .
w1 74,4 . . . - 3 . . . . . .
ne T4.2 . . . . . . . . . . .
h Tu, 32.35 28,40 . . .64 2.2 2,00 o104 53 o172 1.100
Aq 74,4 . . . L] . . . . . 3 .
ﬁs 7“.” L . . ] . . . . - [ L]
wh Tu,n 32.83 2b.u2 . . o . . . . . N
A7 T4, - . . . . . . . . . .
na Ta.w o . . . . . o0 .98 64 «192 1.200
A9 Th A 313,63 28.22 . . . . . . . . .
10 Ta,0 . . . . . . . » . . .
“ 72.“ . - [ . . . . L] L] ] L]
12 72,9 34,40 27.88 . . . . . . . . .
13 12,4 . . o . 50 2.6 .13 «78 50 .227 1.1467
14 Ta,m . . . . . . . . . . .
|S 7".“ 3“.65 ?8017 L) L] L] . ] . . L [ ]
| ¥ 70,4 . . . . . ) . . . . .
'7 7“.‘, L] . L ] L] L] L ] L L . * *
18 14,9 34,73 28.14 o . 1.24 2.8 2,00 «09 60 <317 1.357
‘Q 72.” * Ld - . ® [ ] . * . L] .
a2n 72."‘ . . . . ] . . ‘. L] . .
21 72,9 34,748 26,40 . . . . . . . . .
2? 72.” - . . . » . . . 3 - .
23 12.7 . . . . .80 2.5 .28 N1} «37 .204 1.1R2
24 72,4 35,33 24,00 . . . . . . . . .
25 12, . . . . . . . . . . .
26 bbb, . . . . . . . . . . °
e7 62 .4 35.48 21.00 . . . . . . . . .
2R [T ) . . . . -1 S.2 n,N0 ol 43 U110 1,412
29 LL Y . . ) . . . . . . . .
3“ b“.“ . [ . . . [ ] . . L4 . .
51 6,0 . . . . . . . . . . .
52 a3 . . . . . ) . . . . .
33 P4, o . . o «64 7.4 .28 13 72 2.643 1.525

99-S1




DAlE: V62978 CRIFISE NUMBER: 1~ PROFILE NUMBER: 2 TIME: AS3A SECCHI DEPTH: .

NDEPTH TRANS, SAL, TeMp, LIGHTY LIGHT FLUOR, POY s . ND3 NO2 NH4 CHLA c/e
SURF, SuUH, 0/0

D R YR P D e P D P D D e e P D R D YD D D D S 4 P D B B D D R D S G D S D W P W e G A B A G P P R W B OV e TO R Y B0 A D R D D G D B R TR P R D D D e B o W D P e W Y G D R O R D D D S D e

24 67,4 32.62 29,10

. . . . . [] L} . .
A 67,3 . . . . . . . L] . . O
',?. b"o” - L[] . L[] [] L] L ] L] Ll L] L]
23 67,0 32,62 29.14 . . «53 2.4 .00 10 75 233 1.154
“a 67.” . . L] . L[] . L] L * . L]
VlS 67." . - ° . . . » . [ ) . .
N6 67,9 32.78 29.19 . . . . . . (] . .
a7 67 .4 . . . . . . . . . . .
wH 67.4 . . . . «51 2,9 .16 -89 . 277 1.286
n9 67,4 33.45 29,48 . . . . . . . . .
14 [ Y] . - . . . . . . . . )
l‘ hb.“ - . . L] . . L] . . . .
12 66,W 33,39 29.un . . . . . . . . .
13 63,9 N . o . .72 2.7 a,00 7 «57 «323 1,333
14 63,9 . . . . . . . . . . .
15 63,9 33.489 2R.Sb . . . . . . . . .
16 64,4 . . . . . L] . . . . .
]7 6“.“ L] - - * L] L) L) L L] L] L]
18 64,9 34,60 2R AR o . W61 2.2 n.0o 12 «53 «294 1.200
‘q 6“.“ . - [ . . L] . L] L] L] L]
v bll." . . . . . . . ‘e . . .
?1 6“.“ S“.qb ?n.ﬂﬂ [ L] . L] . . . . .
2? 62,9 . . . . . . . . . . .
23 62,0 . . . . «57 3.3 a.00 .12 57 317 1,267
24 62,9 35,15 28,60 . . . . . . . . .
?‘7 b?.“ . . [ . . . . L] . [ ] [
26 h2 W . . - . . . . . . . .
27 62,0 15.15 28,44 . . . . . . . . .
2R 52.4 . . . . 49 4,2 r.e0 11 286 « 391 1.353
?9 5?.“ [ L] L) . . . L] . . . .
15 bn, 195. 1R 28,20 - . . . . . . - .
n 41,0 . . . 3 . . . . . . .
32 1.0 35.66 24,29 . . . . B . . . .
33 1.9 . . . . 68 7.4 12 o 11 .98 3.140 1.582

Ly=ST
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DATE: #¥6297A CRUISE NUMRERS 1~ PROFILE NUMBER: 3 TIMEY 1300 SECCHI DEPTH: 23,75

NEPTH TRANS, SAL, TEMP, LIGHT LIGHT FLUOR, POY s . NO3 NO2 NHa CHLA c/p
SURF., 38uB, 0/0

nn RA 1 32,94 29.46 640 320 50,0 . . . . D . . .
(3} HE B . . . . . . . . . . e
w2 LL . . . . . . . . . . .
23 48,0 32.58 29.46 810 227 28,.n . 52 2.2 h,00 .08 *95 .211 1,300
Ad Hﬂ.” . - . » . . . . . . 3
a5 AR, . . . . . . . . . . .
We A6 ¥V 33.”& 29.14 R2G 187 22.8 . . - » . . . 'Y
ar R, 0 . . . . . . . . . . .
W LI . . . N .08 2.6 a.00 .49 . 230 1.400
w9 84,09 33,53 28,76 ala 187 22,5 . . . . . . . .
1¢ g, 9 . . . . . . . ° . . .
11 84, . . . . . . . . . . .
12 LLYS" ] 34,26 28,74 tsae 163 19,2 . . . . . . . .
13 LG . . N o 52 4,7 n,n0 «a7 «95 255 1,231
14 46,4 . . . . . . . . . . .
15 86.\!‘ 3“.68 29.“"‘ l"sn 133 12.7 L) [ ] L L] . . . [
l(‘ Rbo” L] . L] . . . L * . . [
‘7 Bh.ﬂ . . - [ L] [ [ * . . .
18 86,4 34,94 28,91 954 116 12,2 . 59 3.1 “",00 .12 95 319 1.357
19 “"-V, . . 3 . . [} . » . . . :
29 R6,0 . . . ] . . . R . . .
2t 86,0 35.08 2B.76 954 119 11.5 . . . . . . . .
ee LYY . . . . . . 3 . . . .
23 LI . . N o 47 3.6 2,00 o1 .1 <384 1,353
24 Ry, 0 35.13 26,58 aen 79 9,9 . B . . . . . .
25 84,0 . . . . . . . . . . .
26 LT . . . . - . . . . . .
el Re.¥ 3S.18 28,66 760 61 8.9 o . N . . . . .
24 82,4 . . . . «S1 4,2 0,00 11 -85 JT48 1,433
29 82.n . . . . . . . . . . .
30 TA, 0 15. 36 27,36 Ta0 43 S.8 . . . . . . . .
31 78,7 . 3 . . . . . . . . .
32 78,4 35.46 21.56 o . . . . . . . .
33 32.0 . . asey 4 2,4 . 0l 9.4 n, 00 .14 1.30 4,76R 1,625

8%-CT




DATE: WH62974 CRUTISE MUMAFR:~ 1 PROFILE NUMRER: 4 TIME: 1700 SECCHI DEPTH: 20 ,ap

DEPIMH TRAKS, SAL, TEMP, LIGHT LIGHT FLUNR, PO4 sI - NO3 NO2 NH4Y CHLA cs/p
SURF, SUR, 0/0

i . 32,60 29.75 1156 B67 15,4 1.5 . . . . . . .

[} ] . - . . 1.5 - . ) . . . .

w? L] - . L l.s L ] L . . . . L

n3 . 32.64 29.75 1050 427 4a.7 1.6 «957 3,2 a.o0 o1 Ny «192 1,333
Ay 3 . . . 1.6 . . ] . . . .

AS L) L] L L] l" L2 * L . L) L] L]

ne . 32,84 29.50 1110 333 n,0 1.8 . . . . . B .

u7 . L) - L] l.° . . L . . L] .

AR . . . o 2.1 4B 2,4 U °15 . «195 1,333
n9 . 313,55 29.v0 1959 253 24,1 2.2 . . . . . . .

184 . o . . 2.5 . . . . . . .

ll ] L] - L 207 L] . * . L] L] [

12 . 34,35 28,92 1950 160 15,2 3,2 . . . . . . .

LR . . . . 3.4 .52 2.9 A.n0 .07 46 .227 1.273
14 . . . . an' . L] . . o . L]

15 B 34,64 28.82 1050 107 18,2 4,7 . . . . D . .

16 - . . . S.3 . . . . . . .

17 . . . . 6.2 . . . . . . .

iR . 31,75 2B.9n 1925 t13 11,0 7.3 50 2.8 #,00 .10 .12 231 t.273%
19 . L] . . 902 - . L) . . . e
24 . . - . 10,7 . . . * . » . .

21 N 34,99 28.94 1050 169 15.2 12,6 . . . . . . .

22 . . . . 16,1 . . . . . . .

23 . . Ve . 18.3 «53 2.7 .28 12 b.00 «285 1.417
24 R 35.4% 28,90 1450 47 4,5 e, 2 . . . . . . o

25 . . . . 22.7 . . . . . . .

26 . . . . 25.9 . . . [ . . .

°7 . 35.15 28.75 . 24,m . . . . . . .

2a . . . . 23,7 .48 3.3 a.a0 14 10 «520 1,429
29 . . . . 23.4 . L3 . . . . .

3“ L 35.}" 28‘2“ - 22.' . L] . L L] L] L

31 . . - . 21,5 . . - . . . .

32 . 35,54 23.40 . 24,2 . . . . . . .

33 . . . . . .62 4,2 .02 .14 «95 4,697 1.625

Ab=CT
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NDATE: IA2978 CRULISE MUMBFR: ) PROF ILE NUMBER: S TIME: 2@4Q SECCHI DEPTHT - ,

DEPTH TRauHs, SAL, TEMP, LIGHY LIGHTY FLUOR, PO4 S1 | NO3 No2 NHYy CHLA cs/p
SURF, 8UR, 0/0

“n RA A 12,175 29.32 . 1.3 . o . - . . .
al "“.W . . . l.! . ° . [ e . Y
zz “w.‘~ L] L] L ] "3 L ] . - L] L] L] L ]
A3 LN 12.AS 29.3%2 . l.s .58 2.8 "-"“ u‘“ 46 olaa '-2““
L] AR 9 . - . 1.3 . . . . . . .
as a9 . - - 1.3 . » . . . . .
ne 78,4 33,43 29.31 . 1.4 . . . . . . N
AT 78,9 . . . 1.5 . . . . . - .
"y T8 .1 . . . 1.5 «57 9,2 8,00 10 N .211 1.30Q
a9 TR . A 34,44 28,90 . 1.6 . . . . . . .
1A 7".” . . . 'n’ . . . . . 3 .
i TR, A . . . 2.0 . . . . . . .
12 18,1 34,10 28,00 . 2.1 . . . . . . .
13 74,4 . . . 2.3 -3 1.2 a.nQ L) .48 192 1,240
14 78,4 . . . 2.5 . . . . . . .
I‘) 7“.ﬂ 3“.5” 28.78 . 2-7 [) . . - [ . .
16 78,0 . . . 3.0 . . . . . . .
17 78,4 . - e . 3.5 . . . . . . .
1A Thovt 34,88 28,40 . 3.8 .50 a,9 a,00 11 55 246 1.259
19 76,4 . . . . 4,2 . . . . N . .
29 Ta, 4 . . . 5.2 . . . . . . . .
21 Th 9 35,44 2A.79 . 6,0 . . . . . . .
22 Th,9 . . . 7.0 . . . . . . .
23 76,1 . . . 8,5 .52 S.8 n,00 11 .50 «266 1,333
24 15,4 35.22 28 .44 . 18,7 . . . . . . .
25 75,94 . . . 12.0 . . . . . . .
26 75,4 . . . 13.3 . . . . . . .
e7 74,09 §5.4S 25.29 . 14.5 . . . . . . .
28 Ta n . . . 14,2 .84 2.3 A, 00 11 <39 <497 1,450
29 Ta 0 . . . 13.9 . . . . . . .
3 L% 35.95 23.2n . 13,6 . N . . . . .
31 60,4 . . . 12.6 . . . . . . .
32 64,4 . . . 12.0 . . . . . . .
33 28,4 35,95 2l.62 . . 57 4,3 n,00 ot¥ +«8S 3,586 1,538

06-ST




DATE: “N63478 CRUISE MUMPRER? .1 PROFILE NUMRER: 6 TIMES @ana SECCHI DEPTH: N

DEPTH TRANS, SaL, TEMP, LIGHT LIGHT FLUOR, P04 SI . NO3 NO2 NH4 CHLA c/pP
SURF,. 8uB, 0/0

i 8.9 ;2.57 29,30 . 1.3 . . . . . . L]
Al B0 . . . 1.3 . . . . . . .
vwe A, 0 . . . 103 . . . . . . .
a3 80,0 32.58 29,319 . 1.3 22 S.7 -1 .10 . o172 1.222
ny An, 0 . R . 1.3 . o« . . . . .
HS ”“.u o . L) ‘.a L) L] [ ] . . - [ ]
“o TR, A 54,00 29,15 . 1.5 . . . . . . .
ﬂ" 7ﬂ.|" . . . tus . . . - . ] ]
1] 73,0 . . . 1.6 «06 10,3 15 -A9 . .160 1,259
a9 7“.” 3“.5“ 29.“5 [ "7 [ . L] . . L] .
19 LN . . . 1.9 . . . . . . .
11 7".“ - . . 2.' . - L] A4 * L] L]
12 7R ¥ 34,90 28.90 . 2.3 . N . ) . . .
13 78,4 . . . 2.5 12 7.2 2,00 N9 . 172 1,222
14 78,1 . . . 2.7 . . . . . . .
15 78,1 34,95 28.94 . 2.9 . . . . . - .
16 78,4 . . . 3.2 . . . . . . .
l7 7“.“ L] . . 3.6 L] . [ ] . L] L] [ ]
14 T16,¢ 35.15 28,90 o 4,4 .70 1,9 .87 o1t . 227 1.273
|q 7‘7.5‘ L] . [ S.Z . . . . L] . L]
2n To,0 . . . 5.8 . . . . . . 0 .
21 75.4 35.25 28,78 o 6.0 . . . . . . .
22 75,9 . o . T.6 . . . . . - .
23 TS5, . . o 9,5 .08 4,n « 66 12 . .282 1.348
24 T W 35,45 28,62 . t1t.4 . . . . . . .
25 7“.” L] L] . ‘“.2 * L] L] - L] L] .
26 7“.” . L 3 ‘5.“ . L] Ld . L] . .
27 73.4 35.5S 28,48 . 17.1 . . . . . . .
28 73.4 . . . 16.4 .03 6,1 J14 13 . 282 1.308
29 ,3.01 L] . . lbca . ] L] . L] . .
30 42,9 35,68 28,04 . 15,8 . . . . . . .
31 42,4 . . . 15.¢2 . . . . . . 3
;? a?o“ 35.76 230?0 . l“os o L] L] L] L] L] *
33 5.0 . . . . .00 15,2 .81 10 o 2,34 1.5080

16-ST
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CRUISE NUMBER 2




DATE:

DEPTH

an
(3}
w2
3
A4
A5
ne
"7
a4
ho
14
11
12
13

A72478

IRANS,

5.5
85,5
85,5
LW
85,95
AS,S
85,5
A A
B4, 0
LY/
LX)
84,0
84,0
A3 0
73.¢1
A3 0
a3, 0
Ay .4
82,4
L)
B2.9
Ay ,.0
AR% )
51,9
LY ]
2R W
22 .M
v v
1A,0
17,4
1hHh0
15.0
15,4
15,0

CRUEISE NUMAER3 -2

SAL,

36,54

36,54

36.59

56,501

36.48

36,48

36,46

36,410

36.38

36,39

36.39

36.39

TEMP,

27.29

27,15

27.1¢

27.45

26,98

*
26,91

26,75

26,30

23.75

23,22

23.21

23,204

PROFILE NUMRERS 1

LIGHT
SURF, SUR,
1750 1500
1700 1197
1790 998
1700 765
18040 599
1775 595
1700 432
1759 372
1804 333
tAan 290
1800 12
18Ul 90

LIGHTY
0/0

85‘7

70.4

58,7

5.0

FLUDR,

N WKW ENGT DWW SDNPFPANEEEDWRBUWWWNVNNWNNNDN

WA ee O NW NN = e vt ot oo ood ot o oot 0 ol ot o md o0 e 0 0 b

-t e we e

TIME: 1200

P4

=
o

~n - b
w L -] -~

~
k-3

n
]

¢ @ & 5 & 6 8 8 & 8 5 5 O & B S ¢ 4 S+ B S 6 8 O S 5 O B O O s &

N

sSI -

-4

N

-

SECCH] DEPTH: 26,07

NO3

2

43

NOe

31

NH4

58

® 6 & 4 6 9 6 & 5 & 0 & 5 & 0 O 8 6 ° ° S O S T & & & & O 5 0 s 4

77

CHLA

n —- N
— > ] =
- @ =

N
L]
&>

cs/p

€6-61



DATE:

DEPTH

n72474

TRANS,

8BS, ¥
85,9
Ky v
R}, A
83,4
A%, 0
82.5
R2.5
AY,N
L %)
LE Y
LY
A3 . u
H3 .V
83,0
Ry,
B3 N
83,9
43,9
LY
LR
82,7
Ho W
Af,.9
8a,.u
T, Q
S2.%
28,0
21.48
19,0
l“.v'
17,4
16,4
1h,"

CRUISE NUMBER: 2

SAL,

36.52

36,54

36,49

36,48

36, 4h

36,50

36,54

36,441

36,39

316,39

6,40

36,4¢

TEMP,

29,04

28,74

28,14

.

27.89

27.39

27 .19

26.79

23.94

23,47

23.44

23.44

23,44

LIGHT
SURF, SUR,
1604 1300
1604 86S
1650 333
1640 319
1600 359
1650 333
1650 333
16406 346
1700 346
1704 293
1650 2Aa
f70e 160

PRUFILE NUMBER:

LIGHT
0/0

"l'}

54,0

2

FLUDR,

@ 6 @ » & & @ © ¢ 8 & 0 & 0 9 06 & O & s s 0 s 0 »

N O NN v s s s o ot b Sud o ot e b D et e S e e
DW= &SmO NIPPONNEEESETPIDLOTIRWWS

15,

- e
B~ -
* s o o
-~

18.3

TIME: 1600

P04

N
[ ]

17 Ld &
L] o™ >®

w
~

-
£

St

-
o

—
o

=

-
o

-
N

-
-~

SECCHI NEPTH: 23,00

NO3

-
d

L N -
o 2 @®

—
o

N
LY

NO2

-
L]

S [t -]
- ] ~n L -]

-
k-3

-]
L]

NHa

o
n

N - ~
LY - &

~
&

-4
=

CHLA

1,671

2,283

24626
2.650

2,541

c/p

7S-CT



DATEST W72478

DEPITH

no
21
Al
23
wy

TRANS,

Hs .5
H5,5
H5,S
AS.,5
AS .S
H5.5
85,5
R5.9
R5.S5
84,9
az2,0
82,4
R2.9
Ka,n
84,4
Ry 0
Ay ,0
W3, »
AN, U
BN, A
LY
In,v
18,4
17,4
lh, 0
17,9
16,4
15,9
13,9
12.2
12.0
12,4
12,0

CRUTISE MUMBER:

SAL,

36.42

36,43

.

36,44

36 44

36,44

36,45

36,45

36,40

36.39

36.39

36,38

L
36.30

TEMP,

2B.a2

28.R2

28,81

28.45

28,26

27.80

26,90

24,40

23.9¢

23.8%

23.AR0

23.70

2 - PRDF JLE NUMﬂER:‘B
|
L IGHY LIGHT FLUOR,
SURF. S3SUAR, 0/0

® @ ® 6 & o & ® 8 5 ° 6 ® O U S 8 9 8 O O O ¢ 6 6 8 ° 5 6 8 6 0 s @

CWIWONUVMIENITESRSIIPOOOINETFCTAVIAVVIVIAN RN N

NN W e £ v me JIN AN M) et ooon bod oot s imd oon o oms b o ot bt b s e v S

® @ 8 ® @ ¢ 0 ¢ % o O & & © & 5 0 % & 6 6 & &6 ° ¢ e ° 6 & 8 8 ¢ 2 =

e s e e s b b

TINE: 20A#

PO4

a1

81

-~

N - -

® 8 @ 5 ¢ @ 6 P B3 6 8 & € S P O 0 6 @ 4 O P O 4 O 6 0 G G 8 0 0 & =

w

7

i

SECCHT DEPTH:

NO3

21

15

25

29

® @ © & & 9 & o B & O ° & B O & &6 O 5 0 O O & 8 4 O 0 & s 6 s " e 2

NO2

a9

10

o7

»
.

12

® o @ & & & o 2 0 & 8 o »

NHa

25

CHLA

188

246

262

6 6 ° @ % & 6 & 8 @ & & ¢ 8 P & ® 2 0 & 0 &

c/p

i - - ——

G6-CT



NATE s

NEPTH

L L L L L L L L L L L L e L L I Y R DY L R Y P P P T L L L L Y L Y L oy e A

AW
a
w2
nj3
na
a5
he
n7
we
49
(%)
11
te

u12578

IRANS,

a5,%
85,5
AS .S
#5010
H5,5
85,5
AS,.5
85,5
A5, ¥
85 .4
As .4
H5 .1
AR, 4
83,9
AR, N
8R4
AR, A
84,9
RA Y
83,4
AR, 4
ar.4
B6h,9
4,4
39,0
35.9
3.4
29,4
2R W
26,1
23,9
20, U
22U, N

CRUTSE NUMHFRg 2

SAL,

36,48

.

.
36,448

36,48

36,51

36.5¢

56,52

36,48

36,42

36,40

36.39

36.359

36,39

TEMP,

2h, 70

2R,70
26,65

27.78

27.40

27,29

26.30

24,59

24,39

242w

24,14

24,45

PROFILE NUMBER: 4

LIGHTY

SURF,

suR,

LIGHT
0/0

FLUOR,

3
OO DD D NE NN NN o o v s ud wid b it b i ot T B P S M G b e e

® 6 8 9 0 6 6 6 0 8 % O O & B 0 S 6 @t B G T P O & O @ e e 0 0 0 0

VMMV ANNIP NS WEWIRWIROPCEWWIVNWEZEECO N NN

TIME: auua

PO4

=
>

= = -4
-4 w E-3

2
&

=
- ]

S & 5 0 6 & S @& * 0 & & & 8 0 5 0 O & G & P S 8 e 0 s s P e 0 e 0 o

S1

-
~n
k=]

-
L« ]

N
o
-

® & 6 5 & ¢ & ¢ S 9 S 6 & & O 9 O O 6 & P T O @ 8 0 O 0 s 0 0 o

-
N
-

-
~4
-~

-
-
b

SFCCHI DEPTH:

NO3

W

- - -
-] o> LhY]

N
b~

-
-~

S @ 8 5 @ ® 2 T 9 0 % S S S O S O @ 0 O & T & O G S " O S 6 ¢ 0 @

NO2

-
~

- - -
Vi & * ]

—
=

-
ot

NHY CHLA

[y

LY

11 204
* .
. .188
- -
. L]
L] L]
L] L
«6R .188
L] L]
L[4 .
. L]
74 172
. «299
«A8 .924
L .
.78 1.439
. 1.736
. .
19 1.931

csp

_—

96-CT



DAIE:

DEPTH

A0
"1
ne
n3
ad
s
a6
n7
A8

UT2578

TRANS,

5.5
85,5
85,5
85,95
85.95
85,5
B8sS.5
85.5%
85.5
a8s5.5
8%,.5
85,5
85.5
LY
85,5
A4 ,9
84,9
Ry ,4
A3, 0
82,0
83,0
Ry, Q@
A3,4
H2, @
81,0
By, 1
952.0
24,04
20,1
20,4
2n. i
24,0
29,4

CRUISE NIMRER: 2

SAL.

36,49

36,593

36.48

36,49

-

36.54

L]
36,49

L
36.5!

.
36,40

3

36,39

36.39

36,39

36.39

TEMP,

28,60

28.58

28.15

27.65

27.63

27.40

27.05

25.20

3

20,70

24,60

24,60
24.60

FROFILE NUMAER: 5

LIGHT

SURF,

su8,

LIGHT
0/0

® 8 0 & 8 © 8 & 6 8 & ¢ O & ° % A 0 6 0 B 6 6 6 0 ® 6 8 0 & ° " s &

FLUOR,

- .
D O O D NN O UTUII o0 ot ot oot vt tr ot too sud mh et s bt S e bt B e e

® 6 ® 8 e 6 8 8 & 5 & ° S ¢ S O B S 8 O 4 S S O 6 e 0 2 s s 0 8 0

SEONNCOT LI ERILOCONNITCIVEE S WE WWHWLWWW

TIME: PH00

P

® 6 8 @ © ¢ ¢ & & ° 8 6 2 P S S G O 0 6 0 O & % 0 O & B O B o0 o 0

0a

]
LV

-
wn

-]
a

S
=

—
o

w
s

81

-
-

~n
[~

o
~N

(™
n

@ ® ® & 9 @ 5 9 & ° & ° @ 2 © 8 & 8 66 6 ° P ¥ ¢ 8 @ " & 5 a o ¢

N

-
N

SECCHI OEPTH:

NO3

-
-}

- - -
-~ L n

-
V]

-
~n

® € 6 @ & * 0 % 0 & 6 0 O 4 % B 6 O 9 O O O " 5 8 6 B G e 0 2

.

NO2

—
LY

- - -
vV w N

—
-~

-
-]

4 ® 0 & 6 0 ® & 0 & % 6 8 ¢ & & % 0 & P 06 6 0 6 " & O " S 6 4 e

NH4

w
w

s
(22

w =
v k-

w
W

N
>

CHLA

c/p

1~ T



DAfE:

DEPTH

aw
“i
ne
n3
“wa
a5
"o
a7
a8
a9
10

wrasis

TRANS,

85,5
R5,5
85,5
85.5
15,5
85,5
AS5,5
AS,5
85.5
85,95
as,s
85,5
85.9
A5,5
85,5
aq's
84, A
82 .4
TR, 4
Tu.4
6n, A
42,4
36.4
33,0
a9
27,9
29,4
on, ¢
22.4
25.u
22.»n
17,0
15,4
14,7

CRUISE NUMBER: 2 -~

SAL,

36, UR

36.48

36.49

36.47

36,49

36,50

36.46

Jb.02
36,39

36.39

36,39

.
36,80

TEMP,

26.58

28.58

28.55

26.15

27.85

27.75

25.95

2u.75

24,75

24,715

24.75

24.75

PROFILE NUMBER: 6

LIGHT
SURF, SuUl,
900 1617
99 433
8715 3133
117 307
875 284
90a .253
875. en7
a7s 167
B7S 133
9na 107
9an 101
909 99

LIGHT
0/0

85.2

.
4.
36.‘

.
34,1

32,9

FLUOR,

O DN NNNANT TNV E R NN o e o m o P o e e Y e
BN OC P WP WTDIWNNNANNDN DNNTOC TP VO~ —D

® ® # & 6 ¢ % © % O © 8 0 & 8 & & P & B & 5 S T B G " & 4 9 0 e s

TIME: AA¥Q

P04

-
W

N
=

-
("]

-
(]

SI

—
>
o.

® # & & % 5 ® 5 @ % & 6 B O S P O O & ¢ * S ¢ O P T S P S O B B

-
o
n

-
0
°

-
n
N

>
w

o
L]

SECCHI DEPTYH: 19,00

NO3

&
(5]

v ~N N
LY i w

N
-4

-
s

@ @ & & & P O 0 9 9 & 06 2 O P 8 O 6 ¢ O O BT O 2 O 0 S s O 0 s 0 o

NO2

»
® ® 3 ® @ 8 & @ 9 & @ & 6 & 8 0 O & 5 6 & 5 O & O O B O ¢ 0 0 ¢ 0 =

S
-~

£
£

-
w

-
-

-
&

n

NHY

® @ &6 ¢ % 8 & ¢ & ¢ 8 & 0 6 s B & T S O " B 6 O B & S " S e e e o

N
-~

—
W

wl
=

Y]
-~

w
o

&
nN

CHLA

c/p

86-61



DATES

DEPTH

aa
"
ne
A3
na
ns
e
ny
wa
"9

n1257Aa

TRANS,

B5.5
AS.5
AS,5
15,5
LY/
A3, 0
Al ,w
7R,
75,9
14,4
74,4
72,4
68,9
67,4
hit A
63,9
87,4
S4,0
58,0
6l R
6M, 0
SH, A
CY)
54,4
53,4
52.0
52.49
LY %
602,08
bb W
hb W
66,0
bR N
CY N

CRUISE MUMHFR g~ 2

SaL.,

36,47

36,47

36.48

36,48

16,18

36.37

36,40

36,38

36,38

36,38

36.38

316,38

TEMP,

28.60

28.60
2R, 3R

28,20

27.83

27.40

27.19

24,78

24,78

24,78

24,78
24,78

PROFTILE NUMBER: 7

LIGHT
SURF. SUR,
1225 940
1250 ARK
1240 790
1235 66U
1225 533
1225 453
1226 430N
1220 367
1200 100
1200 280
1200 253
1510 200

LIGHT
n/o

73.5

FLUOR,

NN NN NN NN NNNNANNEED L WWNNN e e )
VOOV rI-ISIVI LSS = IDIISVICNITDIPDEOII

® ® @ © 6 €6 8 & @€ 8 O % O 9 & 6 ® 6 & % 6 & 6 O O & 5 O & & 2 O & o

TIME: 1204

P04

-
&

- [ -
w N &

-
n

-
L -]

SI-

0
w

-
=
>

-
~n
E~3

-
o
o

-
=
-]

14

v

SECCHI DEPTH:

NO3

w
&

N o N
@ = ] ("]

~N
-

N
>

28,00

NO2

—
N

S 2 -
> -~ E

-
-

-
w

NH4

24

-l &8 B
L - N N

w
>

-]
-4

@ % ® 8 6 8 8 9 6 ° & 5 ¢ % 8 ¢ @ O & T & 8 O & B & G O 0 s " e .

CHLA

c/p

1.417
t.344

‘.uel

1.440
1,448

1.409

6S-ST
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DATE s

DEPIH

P
23]
"2
a3
ny
ws
a6
A7
nA
A9
x
(R
12
13
14
15
16
17
18
19

Ho2s78

TRAMS,

13,1
] L L)
13,9
13,4
12.1
13,0
14,8
15.8
1h, 8
16,8
15,4
15.8
16,8
17.9
L Y3 N4
37.9
47,5
47,5
49 A
49 .8
49,48
52.2
52,2
6,
6R b6
68,6
62,17
62.7
62,17
as.e
2'6

CRUTISE NUMBER:™3

SAL,

31,62

31,62

31,62

31,64

3!:66

31.92

32,22

12.62

32.72
33:52

34,12

TEMP,

29,34

29.34

29.14

29.14

29,019

29.49

29.24

29,34

29,24

29.24

29,24

PROFILE NUMBER: 1

LIGHT

SURF,

1300

asa

779

179

840

1300

sSuR,

426

86

3a

an

73

60

LIGHT
as0

32

»

10

n

N L]

L]

FLUOR,

NN NN W NN RN N NN AW W W NP NE N~

® @ ® ®© @ @ ® ¢ 8 ® ¢ @ & ¢ ¢ S ¢ & ° 2 & ® B & 8 6 & " & & & w & =

NNNDIIOI=NWEBNETNDININECETNNVIOIOIDSD

TIMESD 1345

O

N e w Y] N
w @ -4 0 o

&
(%)

@ @ 8 @ ¢ ¢ % 2 0 8 8 ¢ 6 ® & 9 O 06 0 0 0 8 S S e s e P 0o
Ne ==
NS W

St~

NN & i w

s

=

@ 8 8 0 @& @ 8 6 85 8 * O 8 & 9 0 O @ 6 % s 6 & & 8 S O T T P S e 00

N &
- o o

SECCHT DEPTH:

NO3

45

44

2s -

23

27

.89

a,29

NO2

n = w w -
w L ~n wn o

N
-~

"
~4

. o
[V, -]
N1

L]

NHa

b
-2

~ ~ @
J "~ -

'y
>

>
LY

CHLA

a4

188

=
o
-

765

.
v
-4
[V ]

.as1

525

L]
454
.99

c/p

a718

389

-
e @ ® 8 o @ o o ® 8 & 8 0 & s o

1.364
1,435

.
1.273

1,333

1.273
1,252

519

TOa=CT




DATE: 4u92S73 CRUTISE NUMAER: 3~ PROFILE NUMRER: 2 TIMEs 24@9 SECCHI DEPTH: o

DEPTH  TWANS, SAL.  TEMP, LIGHT LIGHT FLOOR,  POA S1 - NO3 NO2 NH4 CHLA c/P
SURF, SUR, 070 i

v 45,2 32.40 29,20 . 646 . . . . . . .
a1 us,2 . . . 6,6 . . . L] . . .
ve “5.2 . . . 6.9 . . . . . (] .
a3 45,2 32,44 29,20 . 7.0 36 2.8 .66 e.a0 22 1,227 1.458
ny u7oq . . . 606 . ] [ . L 4 . [ ]
25 ll’.§ . . . b-b . . . L] . . .
Ab 47.5 52."1 29.2n . beb . . . (] . . .
w1 “7.5 - - [ btb . . L4 . . . L]
38 45,2 . . . 6,7 36 2,8 «4S a,.r0 . 1,150 1,435
29 47,5 32.“1 29.20 . 6.5 (] . . . . . 3
14 45,2 . . . 6.6 . . . . . . .
1 45,2 . . . 6,6 . . . . . . .
12 45,2 ;20"“ 29.20 . 6.6 ] (] . . . . [
13 45,2 . . . 6.5 .32 2.9 b2 .00 +0a 1.110 1.454
14 48,2 . - . 6,6 . . . . . - .
“) “5.2 32.“1 29.?“ [ 6.“ [ L] [ ] . . L] .
16 a}.“ - . . 5.9 . . [] . L] . L]
17 15,2 . . . 5.8 . . . . L] . .
18 45,2 32.48 29.34 . Set «36 2.8 50 6 . «960 1.44R
lq a7.5 . L] . ‘.aa L) . [ ] . L . .
24 49,A . . . 4,5 .14 1.8 « 1 * .20 . o673 1.333
21 S4,7 32.70 29.29 . 4.0 . . . . . . .
22 57.3 . . . 3.7 . . . . . L] .
23 6,4 . . . 3.5 36 4,0 .42 13 «33 476 1.267
24 78,1 33,14 29.29 . 3.4 N . . o . o .
25 81,95 . . . 3.‘ . . L] . . . .
eh Ra.q . . [ 3.2 . L) . . L4 . L]
27 11,6 33.80 29,29 . 3.4 . . . . . . .
an 24.9 . . . 3.7 .43 5.8 32 .20 <49 L 1.385
29 3“.“ . L] L) 5.2 . . . . . . -
3n 16.8 34,20 29.20 . 4.9 a7 S.4 «69% «35 b2 o712 1.312
31 8.5 . . . . . L] . [ . . .
3? . . . L] . . L] . . L] . .
33 . . . . . . L] . (] . 3 .

29-¢1



DAVES W92KTAR CRUTSE HUMBERS ™3 PROFTLE NIMRERS 3 TIMET 0@0Q
DFEPTH TRAMS, SAL. TENP, LIGHT LIGHT FLUOR, PO4
SURF. 3UB, 0/0
wu w6 32,348 29,96 . 6.2 .
"1 w8, b . . . 6,3 .
ne 71.6 . . . 6,3 .
43 T1.6 32.38 29,97 . 6,2 «65
nn 71.6 - . . 6,1 N
L 1.6 . . . 6,3 .
ars 1.6 32,38 29.97 . 6,1 .
ny LI . . . 6,0 .
WA 6R b . . . 6,1 .25
YY) 59,6 32.38 29,97 o 6,0 .
19 6R . h . . . 6,1 .
11 65,6 . . . 6,0 .
12 65,6 32,43 29,97 . byt .
13 65,4 . . . 6,1 1.76
‘u 6“.6 . . . 6.' L]
15 65,6 32.53 29.16 . 5.4 .
16 L Y . . . 4,8 N
17 biA 0 . . . 4,6 .
18 S7.3 32.63 29,26 . 4,2 25
'q 5?.? . . L] al“ L]
24 49,8 . o . 3.8 .43
21 19, H 33,18 29.26 . 3.6 .
22 52,2 . . R 3.4 .
23 74,8 . . . 3.2 «36
24 78,1 33,58 29.16 R 3.3 .
25 60,6 . . o 3.5 .
26 4y ,0 . . o 3.9 .
27 LAt} 33,93 29.16 . u,n .
2“ 2t".2 - . . “03 0‘6
29 11,3 . o . 4.3 .
L] B 34,33 29.16 . 4,2 .18
3' ) - * L] . L]
3? - - . L] L[4 »
33 . . . . . .

Sl

-~
=

d
1V,

&
k-
S

® @ ® & % 8 € 9 8 6 @ @ ® © O & 8 8 € 0 & & O O & 0 & 2 5 6 s 0 s

w
~

wn
o

wi
v

N
-

N
—

SECCHI DEPIH:

NO3

33

26
34

49

76

63

NO2

=
n N = k-] -~
& b-] -~ [V, ] S

-
o

w
°

¢ 8 8 6 % & & & 5 8 6 % & 8 0 ¢ 8 0 " S & O O o 0 s 0 s s e e
-
>

NHY

42

CHLA

a78

csp

4A9

435

500

-
s # 8 06 © & 6 » ¢ o & 8 ¢ & & s &

1,409
. -
1.49%9

t.286

1,267

1.333

CO=CT



DATE S

PEPTH

A
wi
a2
a3
“y
a5
ne
a7
w8
a9

W92678

THANS,

b N
6t b
57.3
57.3%
97.3
97.3
57.3%
57.3
57.3%
s4,7
sa,17
57.3
57.3
57.3%
S4,7
Sa.7
S4,7
52,7
Sn,7
57,38
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DATE: 11H97R CRUISE NUMRER: 4 PROFILE NUMARFR: S TIME: Q40a SECCHI DEPTH1 .
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2s RS, 0 . . . . . - . 3 . . .
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DATES: 11A97A CRUISE NUMHERS -4 PROFILE NUMRER: 6 TIME: 4880 SECCHI DEPTH: t4.09
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APPENDIX B

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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TABLE B-1

SPECIES ABUNDANCE FOR NEPHY I, JUNE 29, 1978

o o o o o =

Times A = =) o

=] n ) ~ ) =]

Species = o ~ ol N o
Pennate

Amphiprora gigantea

Diploneis sp.

Gyrosigma spencerii

Navicula membranacea
Nitzschia delicatissima
Nitzschia longissima
Nitzschia paradoxa

Nitzschia pungens

Surirella fastuosa v. recedens
Thalasaiothrix mediterranea

8
6
Tropodenetis lepidoptera 1
9

=N

[
NWHUnrFONMOOH
[
~

Unidentified Pennates _Eﬁ
Total (cells/5 ml) 84 83
Centric
Biddulphia mobiliensis 1
Chaetoceros altanticus 3 6
Chaetoceros diversus. 3
Chaetoceros messanensis 2 2
Coscinodiscus gigas 1
Coseinodiscus radiatus 2 1
Eucampia zoodiacus 3
Guinardia flaceida 10 12
Hemiaulus hauckii 14 20
Hemiaulus sinensis 11 2
Rhizosolentia alata 6 6
Rhizosolenia delicatula 6
Rhizosolenia hebetata 6
Rhizosolenia stolterfothii 15 15
Total (cells/5 ml) 75 72
Dinoflagellates
Gonyaulax polygramma 1
Oxytoxum scolopax 1 —
Total (cells/5 ml) 1 1
TOTAL (cells/5 ml) ‘ 160 156

Cells/Liter 32000 31200
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TABLE

B-2

SPECIES ABUNDANCE FOR NEPHY II, JULY 24, 1978

Times

Species

1200

1600

2000

0000

0400

0800

1200

Pennate

Achnanthes sp.

Amphiprcra gigantea
Diploneis sp.

Eunotia sp.

Grammatophora oceanica
Gyrosigma spencerii
Navicula membranacea
Nitzschia bilobata
Nitaschia clostenum
Nitzschia delicatissima
Nitaschia longissima
Nitaschia paradoxa
Nitzschia pungens
Pseudoeunotia doliolus
Surirella fastuosa V. recedens
Thalagsiothrix longissima
Thalassiothrix meditteranea
Unidentified Pennate

Total (cells/S ml)
Centric

Asteromphalus heptactis
Bacteriastrum hyalinum
Biddulphia sp.
Cer»ataulina bergontii
Chaetoceros affinis
Chaetoceros atlanticus
Chaetoceros decipiens
Chaetoceros didymus
Chaetoceros gracile
Chaetoceros laciniosus
Chaetoceros pelagicus
Chaetocerocs peruvianus
Chaetoceros tetrastichon
Coseinodiscus sp.
Coscinodiscus excentricus
Coscinodiscus granit
Coscinodiscus radiatus
Ditylum brightwelli
Guinardia flaceida
«Hemiaulus hauckii

12
14
16

32

la\a\N

142

(<))

WM -=N

wN

101

38
31

l -
N,

57

12
36

11

12

-

w

11

13

15

W~ W

-
[ (VR N S

|rs

57

(o]

E N WP

.—l
OH NPHE WNWSNH HE

o
w N

58

O N
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TABLEB-2 CONT..'D

(=] [==] (o=} (=] (=] (=} (=}
Times g S S a 3 ] &
Species r~ ~ o~ (=) O o ~t
Centric (Cont.'d)
Hemiqulus membranaceus 2 3 2 53 34 2
Hemiaulus sinensis 17 1 6 3 3
Leptocylindrus danicus 2 6 2 9 13
Lithodesmium undulatum 4
Rhizosolenia alata 6 7 5 5 1 1 2
Rhizosolenia delicatula 2 2 8 6 11
Rhizosolenia robusta 1
Rhizosolenia stolterfothii 8 13 17 10 7 10 4
Rhizosolenia styliformis 13 5 6 2
Skeletonema costatum 10 _
Thalassiosira aestivalis S & S
Total (cells/5 ml) 97 123 88 64 114 121 28
Dinoflagellates
Ceratium fusus 1 1
Dinophysis caudata 1
Gonyaulax polygramma 67 6
Gymnodinium sp. 2 2
Noctilueca sp. 1
Perdinium so. 1 1
Prorocentrvm.. 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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TABLE B-3

SPECIES ABUNDANCE FOR NEPHY III, SEPTEMBER 25, 1978

a's)

Times 2
. v

1600
2000
0000
0400
0800
1200

Species

Pennate
Climacosphenia moniligera
Diploneis sp. 1 6
Grammatophora marina 2
Gyrosigma spencertii 13 16 16 13
Navicula sp.
Navicula membranacea 1 2
Nitzschia sp.
Nitzschia bilobata - 7 2
Nitzsehia clostenum 1
Nitzschia longissima
Nitzschia paradoxa 3
Plagiogramma sp.
Surirella fastuosa v. recedens 1
Synedra sp. 1
Thallassionema nitzschoides
Thallasstiothrix mediterranea
Unidentified Pennates

00 +
W~ =
N Www [}
—

N
[}

|U)Hlﬂ

W
8 |e
N
[

Total (cells/5 ml) 6 42 35 44

Centric

Bacteriastrum hyalinum 2 3
Coseinodiscus granii 3
Coseinodiscus lineatus ' 1
Coseinodiscus radiatus 1 4 2 3 4 3
Ditylum brightwelli 1

Melosira sulcata _ ‘ 5
Rhizosolenia castracaneti C 1

Thalassiosira aestivalis 4 8
Thalassiosira rotula

Total (cells/5 ml) 1
Dinoflagellates

Dinorhysis caudata 2
Gonyaulax polygramma : 1
Gymmodinium sp. 2 4 2
Peridinium sp. 4

Prorocentrum gracile 2 .

N W

Total (cells/5 ml) 2 8 7 5 2
TOTAL (cells/5 m}l) 9 57 36 37 50 60

6ells/Liter 1800 11400 7200 7400 10000 12000
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TABLE B-4

SPECIES ABUNDANCE FOR NEPHY IV,

Species

Times.

1200

1600

NOVEMBER 8, 1978

2000

0000

0400

0800

1200

Pennate

Diploneis sp.

Gyrosigma spencerii
Navicula membranacea
Nitzschia bilobata
Nitaschia closterium
Nitzschia delicatissima
Nitaschia longissima
Nitazschia membranacea
Nitaschia paradoxa
Nitaschia pungens

Surirella fastuosa v. recedens
Thalassionema nitzschioides
Thalassiothrixz frauenfeldii
Thalassiothrix mediterranea

Unidentified Pennates
Total (cells/S ml)
Centric

Bacteriastrum delicatulum
Biddulphia mobiliensis
Chaetoceros sp.
Chaetoceros affinis
Chaetoceros brevis
Chaetoceros decipiens
Chaetoceros didymus
Chaetoceros holsaticus
Chaetoceros ldaciniosus
Chaetoceros vanheurcki
Coseinodiscus lineatus
Coseinodiscus radiatus
Ditylum brightwelli
Guinatdia flaccida
Leptocylindrus danicus
Melosira moniliformis
Rhizosolenia delicatula
Rhizosolenia hebetata
Rhizosolentia stolterfothii
Rhizosolenia styliformis
Skeletonema costatum
Thalassiosira sp.
Thalasstiosira aestivalis

Total (cells/S ml)

NH WO

[l o [ LS

- W

W W

13

wWw

~ W

25

20

@ O

22

~N o~

73

w W

WO = N

62

102

[
w &

NNEHENDWN S

(o]

107

37

64

NWhDOE

19

&~
[ AN

30
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TABLE B-4 CONT.'D
s S8 8 8 8 8 8
™~ O (=] (=] -~ @D N
Species — ~ N = = =) —

Dinoflagellates

Gyrmodinium sp. 6 2 1
Cxytoxum scolopax 9 4 7 4
Prorocentrum micans - _ 1 1
Total (cells/5 ml) 15 4 10 6
TOTAL (cells/5 ml) 74 131 57 155 167 181 77

Cells/Liter

14800 26200

11400 31000 33400 36200 15400
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APPENDIX C

T4 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 uym. The
result for the size fraction greater than 20 um may be obtained by sub-
traction.
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TABLE C-1

CARBON UPTAKE FOR NEPHY I, . June 29, 1978

Counts .
per Minute -

Light
Incubation

Light
Incubation
20 um
Filter

Dark
Incubation

Dark
Incubation

20 um
Filter

1

A. mgC/mi/hr =

mgC/m3/hr
mgC/m®/14hr

B. mgC/m’/hr =

mgC/m3/hr

mgC/m?/14hr 9.53

820
614
701
878
617
653
536

472
376
556
473
534
518

443
446
443
405
363
435

360
395
360
372
416

-~ Channel
Ratio

.961
.923
.945
944
1.089
.971
1.311

.913
.921
.923
915
914
.894

1.336
1.121
1.021
1.014
1.159
1.321

.967
.892
.955
.989
921

Efficiency Disintegrations DPM

.65
.67
.65
.65
.62
.65
.35

.67
.67
.67
.67
.67
.67

.71
.67
.65
.64
.67
.71

.65
.67
.65
.65
.67

(Rp, - Bp) x 24000 x L.05 _

2.5(2.2 x 10°)

Total

0.27

3.78.

Ry, x 24000 x 1.05

Nanno1
0.10

1.40

2.5(2.2 x 10°%)

Total

< 1
X3

Nanno
.48

6.68

1
7

"per Minute

1262
916
1078
1351
995
1005
976. 1040

704
561
830
706
797
773 729

624

666

- 682

633

542 .
613 627

554
590
554
572
621 578

'Nanno = less than 20 um
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TABLE C-2

CARBON UPTAKE FOR NEPHY II, JULY 24, 1978.

Chanmel Effiéiency Disintegrations DPM
Pér Minite

.66
.64
.65
.66
.65
.65
.65
.65
.65

.64
.64
.64
.64
.64
.64
.64
.65
.63

.71
.66
.67
.64
.70
.67
.64
.67

.65
.64
.63
.64
.64
.62
.65

" Counts B
per Minute “Ratio
Light 1147 1.068
Incubation 839 .994
836 1.017
872 1.064
666 1.017
1323 1.033
756 1.012
559 1.011
729 1.023
Light 463 .975
Incubation 596 .988
20 um 590 1.010
Filter 595 1.012
686 .986
562 .996
542 .983
631 .971
387 1.020 .
Dark 433 1.304
Incubation 522 1.042
474 1.076
599 1.017
782 1.292
965 1.109
462 1.020
439 1.070
Dark 404 1.023
Incubation 417 .992
20 um 404 .986
Filter 349 1.004
382 .999
385 .960
419 1.014
Ynr = SRL = Rp)x24000x1.05 1 g,
neC/m/hr = e % 105 x7
mgC/m®/hr - Total Nanno .
0.29
ogC/m*/14ar 4.06 2.38

1738
1311
1286
1321
1025

2053

1163
860
1122

723
931
922
930
1072
878
847
971
614

610
791
707
936
1117
1440
722
655

662
652
641
545
597
621
645

mgC/a’/hr =

mgC/m®/hr

1318

876

872

618

Ry x 24000% 1.05

2.5(2.2 x 10°%)

Total

l86

ngC/m?/14hr 12.01
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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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