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ABSTRACT 

Nansen net and Niskin bottle samples, and sub-cores from bottom grab 
samples were collected in the BLM-STOCS study area during the winter (1974), 
Spring and summer (1975) . Shelled microzooplankton and general micro-
plankton were studied from Nansen net and Niskin bottle samples ; living 
benthonic foraminiferans were studied from grab samples ; and dead benthonic 
and planktonic foraminiferans were studied from down-core samples . 

The shelled microzooplankton and general microplankton data from the 
net and bottle samples were compared to the physical oceanography of the 
study area by use of density, diversity and other plots of biological 
data as compared to temperature and salinity diagrams, isohaline, iso-
thermal contouring, and other plots of the physical oceanographic data . 
These comparisons revealed : biological indicators of water masses and 
other physical oceanographic phenomena ; a picture of the general micro-
plankton seasonally ; indications of upwelling ; and, a generalized seasonal 
picture of the circulation and water mass patterns . With the aid of clus-
ter analyses, certain of the shelled microzooplankton were designated as 
biological indicators of eutrophic and oligotrophic conditions, nearshore 
and offshore faunas, specific water masses, upwelling and seasonality . 

Studies of living benthonic foraminiferans revealed : species indica-
tive of nearshore, mid-shelf, and outer-shelf ; eutrophic and oligotrophic 
conditions ; and, to some extent, seasonality . 

The down-core studies illustrated that some cores had penetrated sedi-
ments older than 100,000 years, with two cores penetrating through sedi-
ments of the last glacial period . Rates of sedimentation in these cores 
ranged from a low of 0.6 cm/1000 years to a maximum of at least 15 cm/ 
1000 years . The thickness of the Holocene sediments were determined in a 
few cores (about 30 and 50 cm in two cases on the outer shelf) . 

Other aspects of the South Texas Outer Continental Shelf included 
in this study were the definition of a relict population of radiolarians 
and the occurrence of previously thought to be strictly benthonic forms of 
foraminifera in the water column . 



INTRODUCTION 

Purpose 

This component of BLM-STOCS was charged with a baseline inventory of : 

the shelled microzooplankton ; general microplankton ; shelled microzooben-

thon ; down-core studies using microfossil evidence ; correlation of these 

data with other biological, chemical and physical oceanographic data ; and, 

the detection and use of certain species as biological indicators of ocean-

ographic processes . Toward these ends, this study involved the taxonomic 

identification and counts of shelled microzooplankton, general microplank-

ton and shelled microzoobenthon . Studies were based on shelled microzoo-

plankton from Nansen tows (integrated samples), the general microplankton 

from Niskin bottle filtrates (discrete samples), and the shelled microzoo-

benthon from known surface area subsamples of grab samples and a few down-

core samples from gravity cores collected by the U .S . Geological Survey, 

Corpus Christi, Texas . These data (except for the down core studies) were 

placed on computer cards, and R and Q mode cluster analyses were performed 

to construct dendrograms of species and samples . These dendrograms, sel-

ected species, group densities, diversities and dominances were correlated 

to the literature and other oceanographic components (biological, physical, 

chemical and geological) of the STOCS area . 

Literature Survey and Previous Work 

Shelled Microzooplankton 

There have been few studies on living radiolaria . Haeckel (1887) 

examined plankton tows from the CHALLENGER expedition ; Popofsky (1907, 

1908, 1912 and 1913) examined r.adiolaria from the Deutsche Subpolar Expe-

dition and observed bipolarity as well as water-mass preferences ; Reshetnyak 

(1955) studied the vertical distribution in the Kuril-Kamchatka Deep ; 

1 
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Casey (1966, 1971a and 1971b, and In Press a) studied seasonal variations 

of r.adiolaria in the southern California borderland and established the 

preference of individual species for specific water masses and the radio-

laria that are indicative of seasonality of the area ; Petrushevskaya (1971) 

studied living r.adiolaria from the southwestern Pacific ; and, Renz (1973) 

studied assemblages of the central Pacific . The only studies of radio-

larians from the Gulf are those that have been and are currently being done 

by the Principal Investigator (R . E . Casey) and a former graduate student 

(K . J . McMillen) . These studies have been and are currently on the South 

Texas Outer Continental Shelf (STOCS) and the open Gulf of Mexico and Carib-

bean (supported by NSF) . 

McMillen (1976), Casey and McMillen (1977) and McMillen and Casey (In 

Press a) have delineated the radiolarians "endemic" to the major water 

masses of the Gulf of Mexico . Casey and McMillen (1977) have delineated 

the radiolarians indicative of the seasonal trends (1975) of the STOCS 

and the densities and diversities of these forms . Casey, McMillen and 

Bauer (1975) noted a fauna of relict radiolarians in the Gulf of Mexico 

and STOCS area . 

Living planktonic foraminifera have been studied to a much greater 

extent than radiolarians . A brief and incomplete review follows : Schott 

(1935) made some preliminary investigations 3n the North Atlantic ; B4 

(1960) worked on seasonal distribution in the North Atlantic ; and, Cifelli 

(1965, 1974) examined the distribution of planktonic foraminifera in the 

vicinity of the North Atlantic Current, the Mediterranean and adjacent 

Atlantic waters . Few studies have been done on the planktonic foramini-

fera of the Gulf of Mexico . Phleger (1951) examined species and abundan-

ces for 27 plankton tows in the northwestern Gulf (close to the STOCS 

area) . Jones (1968) inferred the source regions for planktonic foramini- 



fera in the southern Gulf of Mexico and the straits of Florida to be of 

Caribbean origin . Bauer (1976) and Casey and Bauer (1976) studied the 

seasonal distribution of planktonic foraminiferans, in the STOCS study 

area in 1975, and found a seasonality that could be related to the phy- J~~_^a 

,sical oceanography of the area . The authors also noted that a benthonic 

foraminiferan (BoZivina or BrizaZ2na Zotamani) occurred commonly in their 

innermost stations and may be meroplanktonic . 

McGowan (1960 and 1967), Fager and McGowan (1963), Chen and Hillman 

(1970) and Hida (1957) have shown that pteropods are good biological 

indicators of water masses and currents ; and Herman and Rosenberg (1969) 

have shown that pteropods can be used as bathymetric indicators . As 

early as 1933, Burkenroad (1933) studied the pteropods off Louisiana . 

The other major works on pteropods, in the Gulf of Mexico, have been 

unpublished theses by Hughes (1968) and Snider (1975), which related 

specific pteropods to the water masses of the Gulf . Casey ( In Parker, 

1976) listed the pteropods taken off the STOCS for 1975 . 

General Microplankton 

There have been many studies in the Gulf of Mexico that have included 

some microplankton work . Our (STOCS) investigation of the general micro-

plankton was, and is, patterned after and compatible with, the investiga-

tions of Beers and Stewart (1967), Beers (1969a and b, 1970 and 1971) and 

Beers, Reid and Stewart (1975) . Their work has been mainly in the waters 

off southern California, in the central and equatorial Pacific, and Gulf 

of Mexico . The only comparable investigations are the ones on which we 

are currently working . 

The review of previous work is abstracted from Williams (1977) . 

Hulburt and Corwin (1972) reported a change from a coccolithophorid 
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dominated flora offshore to a diatom dominated flora nearshore . They noted 

this general trend in the eastern and central Gulf and suggested it may be 

a wide geographic phenomena . Ryther (1969) recognized three regions of 

productivity ; open ocean, coastal water over continental shelves, and 

major upwelling areas . He reports photosynthetic rates on continental 

shelves to be about twice that of the open ocean, with upwelling areas 

nearly ten times of the open ocean . The STOCS area would mainly fall into 

his coastal zone region . 

Numerous investigators have conducted studies to determine the relative 

importance of net (plankton net captured) and nannoplankton in terms of 

productivity . Watt (1971), using measurements of photosynthesis of indivi-

dual phytoplankters by C14 autoradiography, concluded that large diatoms 

and dinoflagellates showed little photosynthetic activity in comparison to 

nannoplankton photosynthetic activity . Watt (1971), Malone (1971) and 

others have estimated that net phytoplankton productivity is only about 10% 

of the amount of nannoplankton productivity . (The Niskin plankters are most 

similar in size range to net plankton and therefore the Niskin collected 

plankton should be compared to net plankton, not nannoplankton .) 

Pomeroy and Johannes (1968), Hobbie et aZ . (1972), Turner (1974), and 

others have studied the relative amounts of respiration of net plankton 

and marine microorganisms . In virtually all cases respiration of micro-

organisms exceeded that of net plankton, usually 10 times as great . It 

should be noted that this microplankton study does not include nannoplank-

ton abundances which may contain the largest fraction of primary producers . 

However, Beers and .Stewart (1967, 1969a) concluded that significant 

portions of the energy budget of a planktonic ecosystem are consumed by 

microzooplankton . Hulburt (Hulburt and Corwin, 1972) suggested that 



diatoms were dominant in nearshore regions and Beers and Stewart's studies 

seems to indicate that microplankton make up a significant fraction of 

the primary producers and consumers in nearshore regions such as the STOCS . 

This indication, as concurred by Pomeroy (1974), makes such an investiga- 

tion worthwhile . 

Shelled Microzoobenthon (Benthonic Foraminifera ) 

Most of the many studies of the foraminifera of the Gulf of Mexico 

and its continental shelf have been concerned with the distribution of 

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

living populations of the northwestern Gulf of Mexico . Of these the most 

useful are the studies of Phleger (1951, 1956) . There have been no com-

prehensive seasonal studies except for our current study and Parker, Phleger 

and Pierson's (1953) studies of the Texas bays . Tresslar (1974) studied 

the living benthonic foraminiferal fauna of the West Flower Garden Bank ; 

and, a thesis by Anepohl (1976) concerns itself with the benthonic forami-

nifera collected in the STOCS area during 1975 . 

METHODS AND MATERIALS 

Collecting Procedures 

Nansen Tows (Integrated Samples) 

Nansen tows were taken at Stations 1, 2 and 3, on all transects, dur- 

ing the seasonal sampling (36 samples) . At all Nansen stations a Nansen 

net with a mouth opening of 30 cm and mesh size of 76 um, was placed on the 

wire, lowered to just off the bottom and slowly towed to the surface at 

approximately 20 m per minute . The net was then washed down with seawater 

from the outside of the mesh and the material in the cod end was preserved 

in a 500 ml Nalgene bottle, with a 5% solution of formalin, sodium borate, 

strontium chloride and rose Bengal . This solution was prepared in the fol- 
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lowing manner : 1 gallon of 37% (stock) formaldehyde + 80 gm Na2B407 " 1OH20 

(sodium borate) + 18 .2 gm SrCLX "6H20 (strontium chloride) + 2 gm rose 

Bengal . The bottle was then labeled, a shipboard data sheet filled out, 

and the samples and data sheets transmitted to the Principal Investigator . 

Niskin Bottle Samples (Discrete Samples) 

Niskin samples (30-IC) were taken at depths of 10 m and one-half the 

depth of the photic zone (as determined with a Secchi disk or photometer) 

at Stations 1 and 2 ; and at depths of 10 m, one-half the depth of the 

photic zone, the photic zone and one-half the distance between the bottom 

of the photic zone and bottom, or just off the sea floor, at Station 3 dur-

ing the seasonal sampling (32 samples) . At every Niskin cast, one liter 

was tapped off as an extra archive sample for possible future use . The 

remaining 29 Q were filtered through a 38 um mesh net . The microplankton 

were washed into a 500 ml Nalgene bottle and preserved in a two to three 

percent solution as described for the Nansen tows, except that rose Bengal 

was not used . The bottle was then labeled, a shipboard data sheet filled 

out, and the samples and data sheets transmitted to the Principal Investigator . 

Bottom Sediment Samples for Shelled Microzoobenthon (Foraminifera) 

Bottom samples were obtained by subsampling the Smith-McIntyre grabs 

at Stations 1, 2 and 3 during the winter and spring sampling period . There 

were 24 samples studied although only 12 samples (one season) were required 

by the contract . The subsampling was accomplished by inserting a 6-1/2 cm 

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

The sample was then placed into a container and 25 cc of formalin solution 

(the same solution as described under the Nansen collecting technique) was 

added to the sample (with sea water if needed) and the bottle was 



sealed and shaken to mix sediment and solution . The bottle was then 

labeled, a shipboard data sheet filled out and the samples and data 

sheets transmitted to the Principal Investigator . 

Post-Collecting Procedures 

Nansen Samples 

1 . The samples were split into 1/2 working and 1/2 archive sub- 

samples using a plankton splitter . 

2 . The samples were then picked and placed on micropaleontological 

slides using a breaking pipette and a plankton microscope . 

3 . The radiolarians, plankton and "benthonic" foraminiferans and 

pteropods were identified and these data placed on data sheets . 

4 . These data were placed on computer cards and cluster analysis 

performed, resulting in Q and R mode dendrograms . 

S . These dendrograms, Q mode seasonal maps of planktonic foraminifera 

and radiolaria, and r.adiolaria seasonal density and diversity plots were 

then compared to other oceanographic phenomena and reported on . 

Niskin Samples 

1 . The entire sample was allowed to settle in its original 

collection bottle . 

2 . The supernatant was decanted and saved for archiving of that 

sample . The residue was placed in a plankton counting chamber . 

3 . The plankton counting chamber was placed on a modified stage (which 

holds it in place) of a plankton microscope . The first 100 organisms (or 

fecal pellets) were identified and counted starting at the top of the 

chamber, and the amount of area of the chamber traversed on the count was 

recorded . 

4 . In some samples, the total number of planktonic individuals was so 



great that overlapping occurred in the settling chamber . This would tend 

to distort the results of the relative abundances, density estimates, and 

possibly obscure the presence of some shelled microplankton . A specific 

procedure was devised for these samples in order to avoid these problems . 

An aliquot of the original sample was taken with a Hensen-Stemple pipette . 

The size of the aliquot was usually a 1/100 of the sample (5 ml/S00 ml), 

but in the case of a few extremely dense samples a 1/500 aliquot (1 ml/500 ml) 

was taken . After the aliquot was obtained and transferred to the settling 

chamber, the general counting procedures outlined above were performed . 

After most of the 1975 and 1976 Niskin samples had been completed, differ-

ences in the density estimates for one-half the depth of the photic zone 

samples for the two years were detected . The density estimates were recal-

culated,'using the aliquot method described above, for some of these samples, 

and a conversion factor of 45 times the density of the 1975 samples was used 

to convert the 1975 one-half the depth of the photic zone densities to be 

compatible with 1976 densities, as used in the 1976 Draft Final Report . 

5 . The residue and supernatant were combined and stored as the archive . 

6 . The data were placed on computer cards and cluster analyses were 

performed for Q and R mode dendrograms . 

7 . The dendrograms, seasonal density data, general microplankton, 

seasonal plots, etc � were then compared to other oceanographic phenomena 

and reported . 

Microzoobenthon Samples 

l . The samples were mixed and split in a large modified plankton splitter . 

2 . One-half the sample was archived and one-half was washed through a 

63 um screen . The sands accumulated on the screen were dried in a 70°C oven . 

3 . The live-foraminiferans were picked from the samples under a dis-

secting microscope and placed on cardboard foraminiferan slides . 



4 . The organisms were then identified to species, if possible, and 

counted . 

5 . These data were placed on computer cards and cluster analyses were 

performed resulting in Q and R mode dendrograms . 

6 . These dendrograms, Q mode seasonal maps, and seasonal faunal maps 

were then compared to other oceanographic phenomena and reported . 

Statistical Methods 

Most of the statistical methods employed in this study were done on the 

Rice University IBM 371-55 Series Computer . Once a corrected data set was 

obtained, statistical tables summarizing abundances were assembled (Appendix 

B) . Variables occurring in approximately 10% or fewer of the samples were 

deleted because retention of such low percentages, rare individuals can dis-

tort the results of cluster analysis (Gevirtz .et a2 ., 1971), However, some 

shelled microplankton groups which were not present in more than 10% of the 

samples were retained because of their interest to the investigators and BLM . 

Cluster Analysis 

Cluster analysis is a multivariate technique which can be of aid in pat-

tern recognition and objective classification of multivariate data (Gevirtz, 

1971 ; Sokal and Sneath, 1963 ; Sneath and Sokal, 1973 ; Davis, 1973) . Much of 

its application to this kind of work came from attempts to develop objective 

classification systems for numerical taxonomy . Basically, cluster analysis 

groups samples or variables into a hierarchical classification based on an 

index of similarity computed from abundance data . This hierarchy may be 

represented as a dendrogram (a one-dimensional graph) . Numerous cluster 

analysis methods and similarity coefficients are available ; the one used was 

the Unweighted Pair-Group Average Linkage Method (Sokal and Sneath, 1963 ; 

Sneath and Sokal, 1973) . 

The similarity coefficient used to compare samples and biotic classes 



is a coefficient proposed by Sorensen . Sorensen's coefficient is defined 

as 2W/(A+B), where W is equal to the sum of the minimum values for all the 

paired variables in the two samples being considered, A is equal to the sum 

of all characters in the first sample, and B is equal to the sum of all 

characters in the second sample (Park, 1968) . Sao basic clustering config-

urations are employed : R-mode which clusters variables according to their 

occurrence in samples ; and Q-mode which clusters samples according to the 

variables they contain . 

The first step in clustering is the computation of a similarity array 

for all the characters present (samples or variables) . The two samples (for 

Q-mode) most similar to one another are found and their variable distributions 

are averaged to create a new sample . This process continues until all the 

matrix is reduced to triviality . The results of this procedure are dis-

played in a one-dimensional dendrogram. 

Other Statistical Methods 

Analysis of variance was used to examine precision for the general lab-

oratory counting procedures outlined . A full discussion of its application 

is presented in the following section on error analysis . Finally, trend 

surface analysis for a few of the major microplanktonic groups was done . 

The results obtained are not presented in this report because their signifi-

cance was low due to the small number of data points . 

Error Analysis 

Determination of analytical error in microplankton data arising from 

laboratory technique was done in the following manner : a sample containing 

a large number of microplankton was selected and a 5 ml aliquot was drawn 

after the sample was agitated to completely mix the contents . The aliquot 

was then poured into a plankton settling chamber and allowed to settle out . 

After the microplankton had settled, five replicate counts of 100 organisms 
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each were made following the general procedures outlined . Thus 500 total 

organisms were counted and approximately five times the area covered in 

counting 100 organisms was examined . The results of these replicate counts 

are given in Appendix C . The total number of groups represented in the 

various counting stages was listed to determine if rare microplankton groups 

were under-represented . 

A graph of the number of groups as a function of the total number of 

organisms counted was made (Appendix C) . The results indicate that no increase 

in counting precision in terms of representing rare groups was gained in 

counting more than 100 organisms . This would seem to justify the selection 

of counts of 100 organisms . Indeed, Beers has relied on counts of 40 indi-

viduals in his microplankton studies (Beers and Stewart, 1969) . 

From values obtained by replication, a new table was constructed in 

order to test whether the differences in values obtained in counting 100 

organisms, 200 organisms, etc ., were significant . Using the mean values 

obtained by the different count totals and considering them as subsamples, 

a one-way analysis of/variance problems was set up to see if the differences 

were significant (Appendix C) . The calculated F-value of 0 .00762 is far 

smaller than the F-value for rejection [F~5(99 .9 confidence level) = 6 .49) . 

Therefore, the null hypothesis cannot be rejected . This result would seem 

to indicate that no significant increase in counting precision can be obtained 

by counting greater than 100 organisms . 

In order to obtain a total error of estimate due to analytical (i .e . 

counting) procedure, means, standard deviations, and coefficients of varia-

tion were computed for those categories with sufficient measurements present 

(Ceratium, NoctiZuca and Naupliar larvae were excluded) using replicate table 

information (Appendix C) . 

The results of these computations are given in Appendix C . The total 

variation due to counting procedures was 12 .151 . This value for counting 
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error of estimate agrees well with the expected value of 10% for counts of 

100 predicted by the standard counting error curve (Dryden, 1931) . Indivi-

dual components of variation agree well with expected results . Centric 

solitary diatoms, the most abundant category, has the lowest coefficient 

of variation (5I) . Both colonial diatom groups have higher coefficients 

of variation (15I) as would be expected . Finally, the low percentage, 

rare groups had significantly higher coefficients of variation (35-40I) . 

These findings suggest that the abundant groups are well represented 

quantitatively in the data, while the rare groups are represented in a 

more qualitative fashion (2 . e . presence or absence) with relatively less 

significance in the numbers themselves . 

RESULTS AND DISCUSSION 

General Distribution 

Shelled Microzooplankton (Nansen ) 

Fifteen live planktonic foraminifera (approximately 100 live radio-

larian species and a dozen pteropod species) were collected and studied . 

In general, the planktonic foraminifera and radiolaria were sparse or 

absent in the innermost stations and increased in density and diversity 

offshore . These trends for radiolarians are illustrated in Figure 1 . 

Figure 1 also illustrates some of the general seasonal trends seen in the 

radiolarians, many of which were shared with the planktonic foraminifera . 

The nearshore stations were dominated by spumellarian radiolarians with 

the number of nassellarian radiolarians increasing offshore (Figure 1) . 

The ratio for the total collecting area was broken down seasonally (Figure 

2) as a ratio of total live nassellarians (TLN) to total live spumellarians 

(TLS) for the entire study area . These ratios are 1:3 for winter, 1.1 for 

spring and 1:8 for summer . Here again, the spumellarians dominated in all 
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WINTER 1974-1975 

'~ TLN 1 I- Almost as high a 

TLS 3 standing crop as in 
summer . 

II . Highest-Diversity . 
u 

Minor III . Dead population 

\ Upwelling _ same as in spring 
Pond of offshore wat . 

wind *--Gen . shelf circulat . 
* Theopilium tricostatUm- Spirocyrtis 
scalaris fauna 

SPRING 1975 

S 
I 
riri TLN 1 T " Lowest standing crcF-~ 

Bloomg TLS 1 z of winter or 
summer . ?' ;~~oplankton 

SY,~U II . Diversity almost as 

UU 

pw, 

high as winter . 

Strongest III . Deads same as winter 
pwelling Gen . shelf circul . 

* Acantharian-?Anthocyrtidium ophiurensis 
wind fauna (no real dominants) 

SUMMER 1975 

I . Greatest standing 
TLN _ 1 crop. 
TLS 8 

II . Lowest diversity . 

Fairly III . Lowest % of Beads, 
Strong 1/5 that of winter 
Upwelling or spring . 

^ offshore water 
"surface -4-- bottom circ . 

* Lamprocyclas maritalis-Euchitonia elegans 
T wind fauna 

Figure 2 . Seasonal Trends Derived from Radiolarian Data . 



except the spring samples . The reason for the 1 :1 ratio in the spring may 

have been due to the almost total exclusion of radiolarians from the inner-

and mid-shelf stations, due to the intrusion of "Mississippi water" and 

the resultant bloom of large centric diatoms, which excluded the radiolar-

ians (see section on radiolarian niche herein) . The greatest standing crop 

of radiolarians (and planktonic foraminifera) occurred in the summer . A 

standing crop of radiolarians (and planktonic foraminifera) almost as high, 

occurred in the winter, and a standing crop of about one-half that of winter 

or summer occurred in the spring . The lowest diversity of radiolarians (and 

planktonic foraminifera) occurred in the summer, with higher and almost 

equal diversities occurring in winter and spring, respectively (diversity 

here ref ere to number of species represented per season) . There appeared to 

be a distinct winter and summer assemblage or radiolarians and a mixed or 

transitional assemblage in the spring . (This is also true for the planktonic 

foraminifera, but to a limited extent due to fewer species .) The winter 

radiolarian assemblage was dominated by a TheopiZizon tricostatum-Spirocyrtis 

scaZaris fauna and the summer by a LarrrprocyeZas maritaZis-Euchitonia eZegans 

fauna . Dominant radiolarians were species that were relatively abundant 

and more or less "endemic" to that season . (This is a subjective dominance .) 

The spring radiolarian assemblage appears to contain no real dominance ; 

however, Aeantharian-?Anthoeyrtidium ophiurensis fauna might be considered 

as such . Figures 3 through 12 were generated using multivariant analysis . 

The R-mode planktonic foraminiferan dendrogram (Figure 3) contains two sig-

nificant groups : the Globigermoides ruber-GZobigerincz buZZoides cluster ; 

and, the GZobigerina faZconensis-GZobigerina quinqueZoba cluster . Defi-

ciency in cluster tightness, evident in low similarities for the remaining 

clusters, is indicative of the low densities encountered for many of the 

species . 

Using the clusters from the R-mode dendrogram as a guide (Figure 3), 
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Figure 3 Continued . Key to Species . 

G . 
C . 
A. 
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G. 
G. 
G . 
O . 
B . 
G . 
U . 
G . 
G, 
G . 
G. 
G. 
G. 
B. 
G. 
H. 
L. 
P . 

cf . TOSAENSIS 
CONCENTRICUS 
BECCARI 
TUMINDULUS 
SUBGLOBOSA 
RUBESCENS 
TRUNCATULINOIDES 
SPECIES 
UNNERSA 
SPINATA 
PACHYDERMA 
PERIGRINA 
cf . INCOMPTA 
TENELLUS 
RU BER 
BULLOIDES 
FALCONENSIS 
QUINQUELOBA 
LOWMANI 
AEQUILATERALIS 
PELAG ICA 
SPIRATA 
OBLIQUILOCULATA 
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Figure 7 Continued . Key to Left-Hand Column 

2/II ANO 
1/IT E_MD 
2/z AEP 
1/III EwR 
2/N FIY 
1/II AKP 
2/IV BFQ 
2/II EPT 
3/I EIX 
2/III EZQ 
3/II ESri 
3/III FCM 
3/I ACL 
2/III AWU 
3/III AZS 
3/IV FMM 
3/IV BOS 
3/II AQQ 
3/II CSK 
3/III DCF 
2/III CZQ 
2/I EFT 
3/IV DLW 
1/IV BCQ 
2/I CFT 
1?I ECP 
3/I CTX 
1/IV FFW 
2/IV DIO 
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Figure 8 . R-Mode Cluster of Live Radiolarians, Winter-Spring-Summer . Key to Left-Hand Column 
Given on Following Page . 
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Figure 8 Continued . Key to Left-Hand Column . 

C . IRREGI3LARIS L . QUADRANGULA 
?P . STRATILOIDES CENOSPHAERID 6 

CHUENICOSPHAGRA COLLOSPHAERID 6 

ASTROSPHAERID 3 C. SCOPARIUS 

CENOSPHAERA 4 H. ASTERISCUS 

T . TRACH . DIANAE E. ACUMINATUM 

PTEROCORYS SP . S . GLACIALIS AD . 

T . TRACH . TRACH D. POLYGONALIS 

H . DODECANTHA A. VINICULATA 

S . (AFF)ELLIPTIC T. OCTACANTHA 1 

SPHAERID 2 OBLONGA SP . 

HELOTHOLUS 3 ACANTHARIAN SP . 

ASTROSPHAERID 2 C . CAUDATUM 

CUBOSPHAERID 1 F. B . COLLOPS . 

ASTROSPHAERA 3 S . ?PENTAS 

?S . GEDDESSI CIRC . SPONGADISC 

P . PRAET. EUCOLP ELLIP . SCPONGODISC 

S . SCALARIS S . GLACIALIS JUV . 

SPHAERID 1 ~ SPIROCYRTIS 2 

HELOTHOLUS 1 i A . (CF) MEDIARUM 

CALOCYCLAS 1 CYBOSPHAERID 2 

CALOCYCLAS 2 ~ S . BISPICULUM 

RADIOLARIAN 3 ~ E . EURCATA 

RADIOLARIAN 2 Q . TETRATHALAMUS 

SPONGOSPHAERID 1 S . STREPTACANTHA 

?LOPHOPHAENA SP . t, rRAET. rRAET 

P . TRILOBUM ! PHAEO . SPH . 

S . CRUCIFERUS CENOSPHAERA 8 

P . SPINIPES E . ELEGANS 

S . PENTAS L . VICHOWII 

S . TETRAS TETRAS S . GEDDESSI 

H. PROFUNDUM AD . ' S . BERMINGHAMI 

H. PROFUNDUM JUV . L . MARITALIS POLY 

T. OCTACANTHA 2 ~ LOPHOCEPH 

L . BACCA CENOSPHAERA 1 

CENOSPHAERID 7 C . SPHAERULITES 

E . (CF) ACUMINATUM A. CINERIA 

CUBOSPHAERID 6 P . ZANCLEUS 

L . QUADRAI3GULA T . TRICOSTATUM 

CENOSPHAERID 6 ACTINOMA 1 

COLLOSPHERID 6 B . SCUTUM 
C . SCOPARIUS CALLIMITRA SP . 

H . ASTERIASCUS C . TUBEROSA 

E . ACUMINATUM NASSELARIUM 1 

S . GLACIALIS AD . D . ZANGUEBARICA 

D . POLYGONALIS S . TETRAS IRREG . 

A . VINICULATA E . SPINUS 

T . OCTACANTHA 1 B . INVAGINATA 

L . BACCA D . RING 2 

CENOSPHAERID 7 
SPYROID 3 

E . (CF) ACUMINATUM 
C . SIPHON . POLYSI 

~ 
CUBOSPHAERID 6 

SPUMELLARIAN 6 
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Figure 9 . Winter Q-Mode Cluster of Radiolarians . 
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Figure 10 . Spring Q-Mode Cluster of Radiolarians . 
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Figure 12 Continued . 

SPUMELLARTAN G . 
?L . RETROVERSA RT 
B . INVAGINATA 
L . BULLINOIDES RT 
C . (CF) SUBGLOBOSA 
SPYROID 3 
?EPONIDES SP . 
C. VIRG CONSTRIC 
G. (CF) TOSAENSIS 
E. TUMIDULUS 
CENOSPHAERID 7 
E . (CF) ACUMINATUM 
CUBOSPHAERID 6 
L. QUADRANGULA 
CENOSPHAERID 6 
COLLOSPHAERID 6 
L. SPIRATA 
H. ASTERISCUS 
ACANTHARIAN SP . 
E . B. COLLOSP . 
CENOSPHAERA 1 
C . SPHAERULITES 
?L . HELICOIDES 
?L . INFLATAS RT 
LIMACINA 3 
?L . TROCHIFORMIS 
?L . LESUEURI RT 
A . SPINATA-TRANS 
L. (CF) INFLATA 
L . HELICOIDES 
P. PRAET . PRAET . 
S. TETRAS TETRAS 
S . STREPTACANTHA 
G. FALCONESIS 
H . PROFUNDUM AD, 
?L . INFLATA RT 
G . RUBER 
G . BULLOIDES 
H . PROFUNDUM JW 
L . LESUEURI 
G (?) QUINQUELOBA 
L . INFLATA 
E, CAMPYLURA 
C . ACICULA 
?L . INFLATA3 RT 
ACTINDUA 1 
P . ? RETICULATA 
LIMACINA SP 
T . TRACH . TRACH 
H . DODECANTHA 

Key to Left-Hand Column . 

PTEROCORYS SP 
S . (AFF) ELLIPTIC 
?P . RETICULATA 
A . SCUTUM 
CALLIMITRA SP 
G . ROBESCENS 
G . TRUNCATULINOID 
C . SIPHON . POLYSI 
?L . (CF) INFLATA 1 
G . SP . 
V. (CF) ARAUCANA 
?L . INFLATA 2 RT 
?L . INFLATA 2 RT 
N. BASALOBA 
MARGINULINA SP . 
N. ANTILLARUM 
U . AUBERIANA 
C . CONCENTRICUS 
C . CURVATA 
B . SUBRENARIENSIS 
U . HISPIDO-COSTAT 
S . BRECCART 
A. SPINATA COSTAT 
G . (CF) INCOMPTA 
LIMACINA 1 
G . TENELLUS 
SPHAERID 2 
HELOTHOLUS 3 
ASTROSPHAERID 2 
CUROSPHAERID 1 
ASTROSPHAERA 3 
?L . TNFLATA $ RT 
A . VINICULATA 
P . PRAET . EUCOLP 
S . GLACIALIS JW 
A . (CF) MEDIARUM 
CIRC . SPONGADISC 
ELLIP . SPONGODISC 
G . PACHYDERMA 
U . PERIGRINA 
U . POLYGONALIS 
S. SCALARIS 
S. BERMINGHAMI 
L . MARITALIS POLY 
L . VICHOWII 
O . TETRATHALMUS 
CYBOSPHAERID 2 
S . BISPICULUM 
E . EURCATA 
T . TRICOCSTATUM 
O . UNIVERSA 
CENOSPHAERA 8 

PHAEO . SPH . 
G . AEQUILATERALIS 
OBLONGA SP . 
T . OCTACANTHA 1 
L . TROCHTFORMIS 
S .? PENTHAS 
S . GEODESSI 
H. PELAGICA 
E . ELEGANS 
S . G LAC I A.LT S AD . 
C. TUBEROSA 
NASSELARIUM 1 
C. IRREGULARIS 
~P . STRATILOIDES 
CHUENICOSPHAGRA 
L . BACCA 
T . OCTACANTHA 2 
CENOSPHAERA 4 
T. TRACH . DIANAE 
C. SCOPARIUS 
C . CAUDATUM 
D. ZANGUEBARICA 
A . CINERIA 
'>S . GEODESSI 
~ASTROSPHAERID 3 
+SPIROCYRTIS 2 
E . ACUMINATUM 
P, ZANCLEUS 
.)L . INFirATA 6 RT 
~SPHAERID 1 
ILL . RETROVERSA RT 
HELOTHOLUS 1 
CALOCYCLAS 1 
CALOCYCLAS 2 
RADIOLARIAN 3 
RADIOLARIAN 2 
ISPONGOSPHAERID 1 
~P . OBLIQUILOCULA 
P?LOPHOPHAENA SP 
~P . TRILOBUM 
'S . CRUCIFERUS 
P . SPINIPES 
S . BENTOS 
LOPHOCEPH 
S . TETRAS . IRREG . 
E . SPINUS 
~L . BULLIMOIDES RT 
~D RING 2 
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distinct winter and summer foraminiferal assemblages were constructed . 

The winter assemblage was characterized by very dominant GZobiger2ncz 

faZconensis and GZobigerincz quinqueZoba . Less abundant, but also winter 

characterizing species, were GZobigerina rubescens, GZoborotaZia trunca-

tuZinoides, GZobigerina pachyderma, GZobigerina cf . incompta, GZobigeri-

noides teneZZus and GZoborotaZia cf . tosaensis . 

A summer assemblage contained dominant GZobigerirtcz buZZoides and 

GZobigerinoides Tuber with subordinate numbers of GZobigerina faZconensis 

and Gtobigerina quinqueZoba. OrbuZina universa was more abundant and 

BoZivincz Zawmani assumed the position of a dominant faunal component . 

Hastigerina peZagica first appeared in a spring sample but became moderat-

ely abundant in the summer . 

The spring sampling period seemed to be transitional between the two 

more distinct winter and summer seasons . GZobigerina quinqueZoba was the 

most abundant spring species ; however, there does not appear to be any 

other distinctly dominant species . Although diversity only slightly 

decreased for the spring period, density exhibited a significant decrease . 

General Microplankton (Niskin) 

From the Q-mode cluster of the 1975 Niskin data (Figure 13), two very 

important trends are apparent : location on the shelf was the first tier 

of the clustering hierarchy, and seasonality was the next most important 

parameter (representing the second hierarchical tier) . Offshore clusters 

were generally related at a higher similarity level to one another, 

reflecting a greater stability present in biological composition of more 

normally oceanic microplankton populations, than nearshore clusters (where 

localized environmental changes are more dramatic) . 

Depth has generally been considered an important factor in-determining 

the distribution of plankton populations . While this is undoubtedly the 
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Figure 13 Continued . Key to Left-Hand Column, 

The Station/Transect is followed by a three letter sample code, month 
and day, time of day, and depthl . 
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Figure 13 Continued . 
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case, only some of the deep offshore samples clustered together . These 

results may be accounted for, to some extent, by settling of individuals 

out of the photic zone ; thus, giving lower portions of the water column 

the same general appearance in terms of microplankton composition (espe-

cially in phytoplankters) as waters in the photic zone or less dominance 

in the more open ocean waters . In the 1975 R-mode dendrogram (Figure 14) 

centric solitary diatoms, naupliar larvae, calanoid copepods, Ceratium 

(the most common dinoflagellate genus), tintinnids, pennate solitary diatoms, 

and fecal pellets all showed a very intimate association . Tintinnids, cal-

anoid copepods, and naupliar larvae were mainly herbivores and the diatoms 

and dinoflagellates above were probably basic constituents of their diet, 

although the tintinnids may graze primarily on the nannophytoplankton . 

In general, the dendrogram seems to represent a descending hierarchy 

of relatively abundant organisms clustering together first, with relatively 

rare and extremely rare organisms being added to the cluster at lower simi-

larity levels . This result is to be expected when consistently abundant 

variables are clustered together with very rare ones . 

Absolute densities for the seven shelled microplankton groups were 

tabulated and plotted in histogram fashion as a function of year, season 

and station location (Figures 15 through 21) . 

Diagrams depicting the relative abundance of the major microplanktonic 

groups (diatoms, dinoflagellates, copepods, and naupliar larvae) along with 

absolute density estimates of one-half photic zone samples for each station 

and season for 1975 are shown on Figures 22 through 24 . Average densities 

for Stations 1, 2 and 3 for one-half the depth of the photic zone samples 

are summarized in Table 1 . 

Several significant trends were present in these microplankton density 

data . Winter was the most stable and least "productive" season with densities 
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Figure 14 Continued . 
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Key to Left-Hand Column . 
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Figure 15 . Density of Planktonic Foraminiferans . 



38 

1975 

50 

240 

~ 3p w m 
220-
z 

10 

I 2 3 
WINTER 

3 4 0 .5 f--l 

50 

240-

30 -w ~ m 
~ 20-
z 10 - 

1 2 3 
SPRING 

50- 

40-

30-

g 

~ 
co 
w 

20-

z 10 - 

1 2 3 
SUMMER 

Figure 16 . Density of Benthonic Foraminiferans . 
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TABLE 1 

AVERAGE MICROPLANKTON DENSITIES (#/m3) FOR 
STATIONS l, 2 AND 3 DURING WINTER, SPRING AND SUMMER 

COMPUTED FROM ONE-HALF THE DEPTH OF THE PHOTIC ZONE~SAMPLES 

Stations 

Winter 

Spring 

Summer 

1 

4.3 x 105 

7 .2 x 105 

8.0 x 105 

2 

2.5 x 105 

5 .9 x 105 

3.1 x 105 

3 

1.9 x 105 

2 .5 x 105 

1.4 x 105 



40 

exhibiting less spatial variation than the other two seasons . This obser-

vation correlated well with the physical oceanography over the STOCS area 

for this time period . Winter was characterized by very nearly isothermal, 

isohaline conditions throughout the water column for the entire shelf . A 

well-developed Spring Diatom Increase (SDI) was evident in the spring . 

Probably the single most important oceanographic factor during the spring 

on the STOCS was the presence of a low-salinity Mississippi water mass 

extending along the coast . Densities were generally higher along the nor-

thern portions of the STOCS . 

Nutrient levels are the most important determinants of high microplank- 

ton standing stocks (Ryther, 1969) . Although upwelling of slope waters onto 

the shelf may supply important amounts of nutrients, surface run-off was 

probably the major nutrient source of this portion of the Gulf of Mexico 

(Parker, 1976) . A resultant seaward decrease in nutrient levels and micro-

plankton densities was generally observed for all transects . Thus, the 

STOCS area could have been characterized by a general trend of eutrophic 

conditions nearshore changing to more oligotrophic conditions moving off-

shore and in a southeasterly direction . 

The relative abundances of the major microplankton groups reflected 

this eutrophic to oligotrophic condition of the STOCS (Figures 22 through 

24) . Diatoms and dinoflagellates generally showed a seaward decrease in 

total percentage of microplankton, and copepods and naupliar larvae showed 

a corresponding seaward increase in total percentage of microplankton in 

relative abundance . 

The average density of microplanktonic organisms represented in the 

seasonal data for samples taken at one-half the depth of the photic zone 

for the stations was 2 .9 x 105/m3 for spring ; and 4 .5 x 105/m3 for summer . 
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The general microplankton density diagrams (Figures 22 through 24) 

indicate a decrease in microplankton abundance offshore, and in a southerly 

direction in the STOCS area . These results correlate well with data collec-

ted by the phytoplankton project of the BLM-STOCS study . Their findings 

indicated that productivity is highest nearshore, and higher at Stations 

1/I and 1/II than Stations 1/III and 1/IV (Van Baalen, 1976) . Likewise, 

their investigations into physical or chemical parameters that correlate 

well with phytoplankton productivity showed an inverse relationship between 

salinity and chlorophyll a concentration . As stated earlier, surface runoff 

was the apparent major nutrient supply . Correlations with silicate, nitrate 

and other nutrient concentrations were not consistent, indicating that the 

concentration of nutrients in the water column at a specific point in time 

may not be the best measure of eutrophism or oligotrophism . Results of a 

mathematical model of plankton patch dynamics as well as a number of other 

findings, cited by Wroblewski and O'Brien (1976), indicated that exmetabolite 

excretion of nutrients by zooplankters may be a significant source of nutri-

ents in a phytoplankton patch . Nutrient depletion and cycling within a 

plankton patch could explain why high nutrient concentrations were not always 

found in conjunction with areas of high productivity . 

The major planktonic foraminiferan genus represented in the Niskin casts 

was GZobigerina . Planktonic foraminiferans exhibited a seaward increase in 

density (Figure 15), reflecting their typically normal marine habitat (Bauer, 

1976) . Data from 1975 indicated the dominant increase in density (in the 

Niskin collections) occurred during the spring (Figure 15) . This was also 

the period of lowest planktonic foraminiferan densities as represented by 

the Nansen data . This may mean that juvenile forms were more prevalent in 

the spring . 

Relatively high benthonic foraminiferan densities in Niskin samples 



50 

apparently reflected the suspension of a meroplanktonic stage of these 

"benthonic" organisms . The dominant benthonic species in Niskin casts was 

BrizaZina Zawmani, which apparently has a meroplanktonic juvenile stage 

(Bauer, 1976) . Densities of benthonic foraminiferans were usually highest 

at Station 1, all transects (Figure 16) . B . Zowmani also may have been 

displaced from the estuaries by spring "freshwater" outflow, resulting in 

the spring high at Station 1, all transects, shown in Figure 16 . 

Nassellarian radiolarian densities (Figure 17) were quite low when 

compared to spumellarian densities and are restricted to Station 3, all 

transacts . 

Spumellarian radiolarian densities (Figure 18) were generally higher 

than nassellarian densities, and spumellarians were found at Station 1, 

all transacts . The appearance of one deep living species, Spongotrochus 

gZaciaZis, in shallow Niskin ,casts was a good environmental indicator of 

upwelled or displaced deeper waters . The increase in spumellarian densi-

ties in the spring of 1975 may be considered indicative of upwelling during 

this time at the offshore stations or perhaps the displacement of an enve-

lope of high productivity water moving out during spring . 

Acantharians are non-polycystin radiolarians which can be distinguished 

from the other major radiolarian groups by their organic-walled test . In 

the STOCS area acantharians (Figure 19) exhibited a nearshore, low-salinity 

habitat preference . Spring, 1975, densities showed a substantial increase 

that is probably tied to surface runoff (perhaps Mississippi River water) . 

Densities of pteropods (Figure 20) are lowest in the winter and increase 

in the spring, with a slight tapering off in the summer . Pteropods behaved 

like most general microplankton groups in showing a decrease in numbers in 

an offshore direction . 
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Ostracods were well represented in the larger zooplankton size classes 

(Park, 1976), but they were almost non-existent in 1976 Niskin data (Figure 

21) . No general trends other than a spring increase were evident . 

Shelled Microzoobenthon 

Benthonic Foraminifera 

Originally, one season's sampling was to be done to determine the dis-

tributional patterns of the benthonic foraminifera in the study area . Studies 

of this first season suggested that the populations may well show some sea-

sonal trends that would make the projected down-core studies (of an undeter- 

mined number of down-core samples obtained from the USGS) Less than desir-

able . The collecting and examination of the spring sampling confirmed these 

suspicions, and therefore, it was decided to work up two seasons of benthonic 

samples even though the contract called for only one season . The winter and 

spring seasons have been worked up and are reported herein . Ms . Anepohl's 

thesis (1976) gives good coverage on this material . 

The average standing crop of benthonic foraminiferans for all stations 

in winter and spring was 75 individuals/10 cm2 . Average values for shelf 

and marginal marine environments are 50 to 200/10 cm 2 (hurray, 1973) . How-

ever, Phleger (1956), studying approximately the same area as the STOCS 

study area, reported an average from 21/10 cm2 for his southern transect 

(a transect that extended from between Stations 1/II and 1/III to 3/III), 

to 61/10 cm2 for a more northerly transect which ran from approximately 

midway between STOCS Stations 1/I and 1/II, terminating offshore at about 

Station 3/II . When Stations 1/II and 1/III were combined as a composite 

station, and that composite considered with Stations 2/III and 3/III, a 

station distribution close to Phleger's southern transect was obtained . 

(An average density of 89/10 cm2 during winter and spring 1975 .) Seasonal 

averages for these stations were 86 for the winter and 91 for the spring . 
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Phleger's samples were collected in late June, which was closest seasonally 

to the STOCS spring collecting period . When Stations 1/I and 1/II were 

combined as a composite nearshore station and averaged with Stations 2/II 

and 3/II, an average density of 28 was obtained . The averages for these 

stations seasonally were 20 for the winter and 36 for the spring . These 

densities are about half as high as those reported by Phleger (1956) for 

the northern transect, and four times as high as Phleger's values for the 

southern transect . This may be accounted for by his sampling only one 

season or use of a different sampling method (a corer) . However, consider-

ing the small sample size taken in both studies, and the variability and 

patchiness in distribution of benthonic foraminiferans, the data are 

considered reasonably compatible . 

The average standing crop for all stations during the winter of 1975 

was 72/10 cm2 and 77/10 cm2 for spring . Combining Transects I and II as 

a northern section, and Transects III and IV as a southern section, the 

southern section had greater standing crops in both winter and spring 

(112/10 cm2 to 31/10 cm2 in winter and 109/10 cm2 to 101/10 cm2 in spring) . 

The higher standing crops of benthonic foraminiferans, along the southern 

transects, may have been representative of their importance as meiofauna 

in sediments underlying more oligotrophic waters . There probably was a 

lag time between plankton productivity (both primary and secondary) and 

benthonic productivity (represented by standing crop) . These data suggest 

that, in general, the high spring plankton productivity was not reflected 

in the meiofauna until the following winter when the benthonic foraminiferan 

standing crop dropped with a probable increase in more opportunistic meio-

fauna, such as nematodes . 

Figures 25 and 26 illustrate standing crop (in numbers of individuals/ 

10 cm2) and dominant species (in percent) for each of the stations for winter 
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and spring . During both seasons there was a general decrease in standing 

crop shelfward, with a winter and spring average for Station 1, all tran-

sects, being 137/10 cm2, 60/10 CM 2 for Station 2, all transacts, and 27/10 

cm2 for Station 3, all transacts (approximately a 50% reduction from Station 

1 to Station 2 and from Station 2 to Station 3) . Seasonal averages for 

Stations l, 2 and 3, respectively, were 119, 57 and 38 for winter, and 154, 

62 and 15 for spring . 

The nature of the communities at the species level also changed sea- 

sonally . The dominant species (in abundance) on the shelf was BrizaZina 

Zowrtan2, which exhibited an interesting seasonal pattern (Figures 25 and 

26) . This species was dominant at Stations 1 and 2, Transacts I and II, 

during the winter . During the spring this species was dominant only at 

northern and southern transacts "nearshore " (Stations 1/I and 1/IV and 2/IV), 

but essentially played a sub-dominant role in the northern section except 

for Station 1/I . B . Zotamani may be a good immediate indicator of eutrophism 

in the bPnthic environment as the above-mentioned trends suggest (it's 

dominance=eutrophism) . 

An apparent supra-species seasonal trend was that the northern section 

appeared to be dominated by fewer species than the southern section . This 

trend reinforces the previously-stated idea that high plankton productivity 

is reflected in lower benthonic foraminiferan densities and dominance 

(especially of B. Zou7mani) . It also reinforces the suggestion that B. Zotamani 

might be a good indicator of "benthic productivity" and that its dominance 

in the winter (northern sector) demonstrates eutrophism of the northern 

sector . B. Zoumtani may well be an opportunistic species which takes advan-

tage of this eutrophism, perhaps at the expense of others (as the nematodes 

may do) . At the same level, the benthic foraminiferans of the southernmost 

transact (IV) apparently illustrate the more oligotrophic conditions of this 
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transect . Shared dominance is the rule in the southern portion of the study 

area . 

Perhaps the most obvious correlations of species and standing crop 

distributions were with depth . Ammonia beccarri, Brizalincz Zowmani and 

Non2oneZZa basiZoba were dominant at inner and mid-shelf Stations 1 and 2 . 

Fursenkoina pontoni may be indicative of the mid-shelf (station 2), but the 

major bathymetric break in the benthonic foraminiferan populations appeared 

to be mainly between Stations 2 and 3, or at 60 to 70 m as was first noted 

for the study area by Phleger (1956) . Outer shelf depths were indicated 

by the occurrence of Uvigerincz peregrines, BoZivina subspinescens and Briza-

Zina spinata at the species level, and more generally by increases in 

Cibicides, Siphoning and other species of BrizaZina and BoZivina. 

The Q-mode cluster analysis dendrogram for benthonic foraminiferan is 

given in Figure 27 . Clustering was predominantly influenced by depth and 

secondarily by seasonality . Depth appeared to be the dominant factor con-

trolling the distribution of benthonic foraminiferans in the STOCS study 

area . Nearshore forms showed a greater seasonality than mid- or outer-

shelf forms . (Mid- and outer-shelf forms occasionally occurred in inner-

shelf samples but were designated as mid- or outer-shelf forms, primarily 

because their standing crops were maintained in deeper waters, whereas forms 

that were designated as more nearshore types decreased in standing crop 

offshore .) 

Seasonal variation in distribution of living benthonic foraminifera 

was apparent from specimens collected during winter and spring samplings . 

NonioneZZa basiZoba and BrizaZina Zoramani dominated winter samples . During 

the spring, other forms, notably BrizaZina spinata and species of BuZimi-

neZZcz, Cibicides and Fursenkoina, were dominant . Lowest species diversity 

and greatest test density occurred during the spring which corresponded to 
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Figure 27 Continued . Key to Left-Hand Column . 

2/I CFT 
2/II CPM 
2/IV BFQ 
1/I AMC 
2/IV DIO 
1/IV DFO 
1/III ATV 
1/IV BCQ 
1/TI AKP 
1/I CCP 
2/T AEP 
1/II CMO 
1/III CIVR 
2/II ANO 
2/III AWU 
2/TII CZQ 
3/IV DLW 
3/IV BOS 
3/III AZS 
3/II CSR 
3/III DCF 
3/I ACL 
3/II AQQ 
3/I CIX 
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increased standing crops of NonioneZZa basiZoba, BrizaZina Zowmani, Ammonia 

beccarii and BuZimineZZa cf.bassendorfensis during that season . 

Variations in the living faunal composition occurred from north to 

south in the study area, with the shallow stations (18-26 m) to the north 

dominated by Ammonia beecarii and Br2zaZina Zotamani while those to the 

south were dominated by NonioneZZa basiZoba and species of BuZimineZZa . 

Faunal changes with depth generally agreed with earlier studies (Phleger, 

1951) . 

Multivariant analyses were performed on these data and the results 

displayed in Figures 28 through 30 . The Q-mode cluster of live benthonic 

foraminifera (winter and spring) (Figure 27) generated three groups which 

are displayed in Figures 28 (winter) and 29 (spring) . These depicted fairly 

stable inner and outer groups with a "stable" or constant southern transect 

(IV) group . The R-mode cluster (Figure 30) generated a dendrogram and clus-

tered the following groups : outer-shelf winter (OSW), and outer-shelf win-

ter and summer (OSWS), inner-shelf winter and summer (ISWS), mid- and 

outer-shelf winter and summer (MOSWS), and inner and mid-shelf winter 

(IMSW) assemblages . These data substantiated the investigations, illustrat-

ing that there appears to be distinct inner and outer assemblages with a 

mixed mid-shelf fauna. (Figure 28 also suggests a seasonality superimposed 

on the dominant "depth" zonation .) 

This distinct "depth" zonation fits well with published reports from 

the study area and other areas (Anepohl, 1976) . Various explanations have 

been suggested for this depth zonation, such as temperature and/or salinity 

changes, etc . Winter and spring bottom temperature and salinity contour 

have been constructed (Figures 31 through 34) . It is tempting to infer that 

these data suggest the inner fauna may be a euryhaline and eurythermal fauna 

while the other fauna may be more stenohaline and stenothermal ; however, it 
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Figure 30 Continued . Key to Left-Hand Column . 
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is too early for such suggestions . It is also intriguing to imagine that 

the nepheloid layer, described by the USGS and other investigators in the 

study area, may have some significance in this "depth" zonation . Perhaps 

the inner fauna constituted a nephelophobic fauna and the outer fauna a 

nephelophilic fauna ; however, more research is necessary before this 

question can be answered . 

In relating the benthonic foraminiferan studies to geological studies 

of Berryhill et at . (1976), a good relationship between sediment type and 

benthonic foraminiferan distribution was not evident . However, at the 

BLM-STOCS Quarterly Conference (April 1977), Berryhill suggested that : 

1) the major sediment depocenter was in the northern sector mid-shelf ; 

2) little current sedimentation was occurring south of 26° North on the shelf ; 

3) perhaps a convergence existed which divided the shelf into north and 

south components ; and,4) perhaps internal waves were important in this 

division of the STOCS into geological (and biological and physical) northern 

and southern components . We suggest that the major break in the foramini-

feral faunas at 60 to 70 m depth is related either to the shallowest common 

incursion of offshore waters (Phleger, 1956 stated a similar conclusion) ; 

or to the distribution of the nepheloid layer (which might be related to 

internal waves that stir the bottom) . The north-south differences in com-

munities (and standing crops) might well be related to internal waves stir-

ring the bottom and a South Texas Shelf Convergence along Transect II . 

This convergence may be related to sedimentation and eutrophic-oligotrophic 

patterns that may be related to benthonic foraminiferal distributions, 

densities and dominances . 

Indicators of Water Mass Distribution and Movements 

All the temperature and salinity curves for the study year were plotted 

and "water mass" envelopes were drawn around the seasons of collection 



by 

(Figure'35) . For 1975 we suggested four "water masses" on this diagram. 

The "core" of about 36 ppt water we believe to be Western Gulf Surface 

Water (WGSW) (Armstrong and Grady, 1967), which is always present in the 

study area . It is always present atiAepth on the outer shelf and 'appears 

to encroach on the inner shelf in the winter and especially in the summer . 

Shoreward of this water we suggest there are three shelf water masses (SW) . 

These are : South Texas Summer Shelf Water (STSmSW), South Texas Spring 

Shelf Water (STSpSW) and South Texas Winter Shelf Water (STWSW) . Radio-

larians were considered to be more or less endemic to specific water masses 

(Casey, in press a) . With this in mind, a temperature-salinity-radiolarian 

diagram was constructed (Figure 36) . The subpackets denoted by the five 

symbols represent radiolarian groups (faunas or populations) generated 

by multivariant analysis and are coded (symbol coded) on the Q-mode cluster 

dendrogram of live radiolarians (Figure 7) . The temperature-salinity-

radiolarian diagram (Figure 36) suggests the following : specific radio-

larians and specific radiolarian populations (Q-mode groups) were indeed 

"endemic" to "specific water masses", radiolarians were in general "open 

ocean" forms ; radiolarian faunas may be used as indices of water mass incur-

sion onto a shelf environment ; radiolarians were indicative of seasonality 

on the shelf ; and in spring the study area was a "mixed" period of both 

water masses and endemic radiolarian faunas . 

The above statement that radiolarians were endemic to specific water 

masses is made due to the fact that most Q-mode faunas were restricted to 

one of the water masses defined herein . In fact, there is a fauna that 

depicted the South Texas Winter Shelf Mass and one that perhaps depicted 

the South Texas Summer Shelf Water Mass (Figures 35 and 36) . The statement 

that the radiolarians are in general "open ocean" forms, seems apparent 

from our studies showing their density and diversities increasing offshore 
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(Figure 1) ; but, this trend also appears on the temperature-salinity-

radiolarian diagram which illustrates that three of the five Q-mode groups 

were "endemic" to the Western Gulf Surface Water . These three groups, 

"endemic" to the Western Gulf Surface Water Mass, occupied different ,but 

overlapping subpackets within this water mass envelope, which may suggest 

that they occupied different depths within this water mass, a "patchiness" 

within the water mass, or something else that may be elucidated with fur-

they studies (stratified tows are being taken in the BLM STOCS effort) . 

Radiolarians obviously are indicative of a seasonality on the shelf as 

was illustrated by the representation of winter and summer shallow shelf 

faunas . 

"Water masses" were also represented in a loose context by the infor- 

mation displayed on the R-mode cluster of live radiolarians (Figure 8) . 

Here we have a winter group (W), a winter offshore group (0), a near-

shore group (NS), a weak spring assemblage (S) (it clusters well only 

because there are individual occurrences of some species), a spring upwel-

ling group (SU) and a summer group (SM) . These are not as neatly associ-

ated with water masses as those generated by the Q-mode, but they do 

represent nearshore, winter-offshore, spring-upwelling etc . indices . 

Water mass movements may be derived from comparing the temperature- 

salinity-radiolarian diagram (Figure 36) with the maps of the Q-mode 

radiolarian clusters (Figures 9 through 11) . The winter Q-mode cluster 

is very complicated as is the planktonic foraminiferan cluster for the 

same period (Bauer, 1976) . There does appear to be an incursion of off-

shore water (Western Gulf Surface Water Fauna) into the study area along 

Transect III in the winter (Figure 9) as has been depicted in Figure 2 . 

This incursion shows up dramatically as a finger of high radiolarian 



density on the winter radiolarian density map (Figure 37), and as a finger 

of high radiolarian diversity in the winter radiolarian diversity map 

(Figure 38) . This is substantiated to some extent by the inflection of 

the 22° isotherm shoreward along Transect III on the winter 10-m temperature 

map (Figure 39), although it is not apparent on the 10-m salinity contours 

(Figure 40) . 

The spring Q-mode cluster map (Figure 10) shows only two clusters . This 

was due to the fact that the spring diatom bloom and the "Mississippi 

River Water Mass" which are related, had apparently "eliminated" the poly-

cystine radiolarian niche . This will be discussed later within this report . 

The foraminiferan Q-mode cluster map (Figure S) illustrates the spring 

water movements much better than the radiolarian cluster because the cluster 

(Figure 5) includes benthonic foraminifera that are in the water column 

(planktonic-benthonic) . However, both maps (Figures 5 and 10) show there 

was an incursion of offshore water faunas (Western Gulf Surface Water Mass 

Faunas) impinging on the shelf edge at Stations 3/II and 3/III, and the 

radiolarian evidence suggests there was an extension of this water into 

Station 2/III, therefore, the current arrow indicates this in Figure 2 . 

This is substantiated by both spring radiolarian density (Figure 41) and 

diversity (Figure 42) maps, with fingers of high density and diversity 

coming in along these two outer stations . The spring 10-m temperature 

map (Figure 43) showed this very well with the 25° isotherm extending all 

the way to Station 1/III . The spring 10-m salinity (Figure 44) appeared 

to confirm the "bowing up" of water that might be related to this incursion . 

The Q-mode of the foraminifera for the spring illustrates very well the 

incursion of the low salinity water from the north ("Mississippi Water") . 

This incursion was also well illustrated by the physical oceanography, 

as can be seen by the bulging 30 ppt salinity contour on Figure 44, which 
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Figure 41 . Spring Radiolarian Densities (#/m3), 
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matches very well with the inshore bulge of Figure 4, characterized by the 

foraminiferan indicator species Bolivina Zowntani (see Table 2) . 

The summer Q-mode maps for radiolarians (Figure 11) and foraminifera 

(Figure 6) both show there was an extensive "pushing" of offshore faunas 

(and offshore waters) shoreward . The summer radiolarian density (Figure 

45) and diversity (Figure 46) maps also illustrate this phenomenon . The 

summer 10-m temperature (Figure 47) illustrated this for the southern 

portion of the study area, at least, while the summer 10-m salinity (Fig-

ure 48) showed the 35 ppt contour "pushing" into Stations 1, on both Tran-

sects II and III . Figure 2, therefore, shows the current arrow pushing 

in along Transects II and III . 

Areas of Possible Upwelling, Volumes and Routes of Currents and Possible 

Upwelling 

Radiolarians exhibit a vertical zonation in the water column, there-

fore, upwelled waters may carry expatriate radiolarians from their normal 

living depths into shallower waters, as has been found in the waters off 

southern California (Casey, in Press a) . In this current study, deeper 

living radiolarians were found at some shelf stations (outer stations) 

during different seasons in differing densities . The best indices of 

upwelled (or bulging up and encroachment of probably deeper than 200 m 

Gulf waters) were the radiolarians of the Superorder Phaeodarina . The 

species Conchasm sphaeruZites and Conchoceras caudatum were large and 

easily recognized species, and therefore, probably the best indicators . 

Other radiolarians, that were also indices of upwelling, are the polycys-

tins Spottgotrochus gZaciaZis (both juvenile and adult forms), and Tetra-

pyZe octacantha . The relative magnitude noted on Figure 2 described the 

upwelling as minor off Transect III (with components off Transects I and II) 



TABLE 2 

OCCURRENCES OF LIVING BENTHONIC FORAMINIFERA 
IN THE PLANKTON TOWS 

Winter 

Station/Transect 
Depth (in meters) 
Sample Code 

Ammonia beccarii 
BoZivina Zoramani 
BoZivina spinata 
BoZivina subaenariensis 
var . mexicana 

CassiduZina cf . subgZobosa 
CassiduZina curvata 
Cibicides concentricus 
?Eponides sp . 
Eponides tumiduZus 
MarginuZina sp . 
Neoeponides antiZZarum 
NonioneZZa basiZoba 
Uvigerincz auberiana 
var . Zaevis 

Uvigerina hispido-costata 
Uvigerina peregrines 
VaZvuZineria cf . araucana 

3/I 
117 
ACL 

0 .9 
1 .5 
0 .3 
0 .6 

0 .6 
0 .3 

0 .3 
0 .3 
0 .3 
0 .3 

0 .6 
0 .8 
0 .3 

Spring 

2/IV 
47 

BFQ 

1 .4 

0 .8 

0 .8 

3/IV 
91 

BOS 

0 .8 
0 .8 

0 .8 

0 .8 
1 .5 

Station/Transect 1/I 2/I 1/II 2/II 1/III 3/III 2/IV 3/IV 
Depth (in meters) 20 43 22 48 26 106 47 91 
Sample~Code CCP CFT CMD CPH CWR DCF DIO DLW 

BoZivina Zozomani 24 .8 2 .5 1 .6 3 .7 2 .7 
CassiduZina cf . 2 .5 

subgZobosa 
Lczgena spirata 0 .4 
Uvigerina peregrines 0 .3 0 .8 

Summer 

Station/Transect 1/I 3/I 2/II 1/III 1/IV 2/IV 3/IV 
Depth (in meters) 18 42 49 25 27 47 91 
Sample Code ECP EZX EPI EWR FFW FIY FMH 

BoZivinu Zounnani 39 .3 0 .3 9 .4 2 .8 1 .3 4 .5 0 .8 



Figure 45 . Summer Radiolarian Densities (#/m3) . 



85 

Figure 46 . Summer Radiolarian Diversity (# of species/tow) . 
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Figure 47 . Summer Temperatures (°C) at 10 m. 
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for the spring, and fairly strong (intermediate between the two) during 

the summer . These relative magnitudes of upwelling are only crudely 

known . The magnitudes of upwelling were determined by the relative densi-

ties of the upwelled species, whereby the interpretation is that the more 

upwelled species present, the stronger the upwelling . 

There is some physical data that supports these contentions of upwel- 

ling, or encroachment of deeper Gulf waters onto the shelf . The draft 

report on productivity and low-molecular-weight hydrocarbons by W. M. 

Sackett (1976) states "dissolved oxygen at all depths during the summer 

period for all stations, with the exceptions of 2/I and 3/I, . . . . (are 

best) . . , explained by water from deeper than 200 m of the open Gulf 

moving onto the shelf at this period" . Sackett's data on silicate, 

phosphate and nitrate also suggests encroachment or upwelling of deeper 

waters at different times onto the shelf . 

Winter bottom temperatures (Figure 31) suggested an encroachment or 

upwelling of waters at 3/II and 3/III and the offshore winter fauna 

(0 in Figure 8) might represent this upwelling (S. scaZaris may be an up-

welling species) . The winter bottom salinity map (Figure 32) might suggest 

an encroachment of deeper waters illustrated by the shoreward displacement 

of the 36 ppt contour . Spring bottom temperatures (Figure 33) and spring 

bottom salinities (Figure 34) both suggested encroachment shoreward 

through 3/II by the displacement shoreward of the 22° isotherm and the 

36 ppt salinity contour . The spring season appeared to exhibit the 

strongest upwelling, and a separate spring upwelling group (SU on Figure 

8) clusters out . Summer upwelling (Figure 2) appeared to be of intermediate 

magnitude between the winter "minimum" and the spring "maximum" . It is 

interesting to note that all these upwellings occur "under" encroachments 

of offshore "shallow" radiolarian faunas . This probably indicated that a 



large package of shallow to deep water was pushed onto the shelf, or that 

the encroachment of shallow water "dragged" the deeper water with it . It 

should be emphasized that what we are terming as upwelling is not a boiling 

up of deep water to the surface, which might create a phytoplankton bloom, 

but rather a bowing up of deeper water and an encroachment of this deeper 

water onto the shelf . 

The routes of currents were determined by the same manner as described 

for the determination of upwelling . It is hoped that with more data and 

more estimations, rough measures of volumes transported may be derived . 

The upwelling regions were designated by the "u's" on Figure 2 (the larger 

the u the greater the upwelling), and the current transports were designated 

by the open arrows [the width of the arrow designating the boundaries of 

the current and the number of lines in the arrow the relative strength 

(a double line is stronger than a single line)] . 

Notes on the Niches of Radiolarians and Planktonic Foraminiferans 

The possible niches of radiolarians were suggested by Casey (Casey, 

In Press a) . The term niche refers to the organism's place in the ecosys-

tem, and possible radiolarian niches are illustrated in Figure 49 . The 

current study suggested that many radiolarians do indeed occupy the niche 

labelled Polycystins (herbivores and microherbivores) in Figure 49 . In 

fact, most of the radiolarians probably occupy this niche (or, in other 

words consume nannophytoplankton) . The existence of such a niche is sug-

gested by plankton samples in the spring, when the radiolarians were 

excluded from the innermost spring stations, which were occupied by the 

large centric diatom bloom . We suggest that radiolarians feed mainly on 

nannophytoplankton, and therefore, their food source was eliminated by 

the bloom of large centric diatoms that were too large to be consumed by 



1- CJ L}'C YS7V1NS 4 ~ PHY1'OPLANf<TON 

(1'r ITN SYMBIOTIC 
ZOO:<ANTHELLAE) ~'1.KYST1NS 

M 1cI;o.~~ ;~~~ivoRcs) 

~ 'HERBIVORES,, 

HC I rROTROPHIC 
~\ f.11CnOCARNIVORES 

11 
\ \ BACTERIA 

caR:\lwoncs 
0 1 YCYST6INIS 

([3/1C -II:RIA AND 
JUJPt_ INuE U AND 
SETTLING ORGANIC 
FC.EDCRS) 

NUTRIENTS REGENERATED FROM ALL SOURCES 

0 

Figure 49 . Probable Niche of Polycystin Radiolarians . (Casey, In Press a) 



the polycystin radiolarians . This niche was also suggested in a less 

dramatic way (but perhaps better) by the general increase in radiolarian 

density and diversity offshore on the STOCS and apparently other shelves 

of the world's oceans . Hulburt and Corwin (1972) observed a change from 

a coccolithophorid dominated flora (coccoliths and other nannophytoplankton 

are probably radiolarian food sources) to one dominated by diatoms, going 

from offshore into the shallow waters over the continental shelf . They 

noted this in the eastern and central Gulf and have suggested it to be a 

wide geographic phenomena (Hulburt and Corwin, 1972) . In fact, all the 

radiolarian niches suggested by Casey (In Press a) are occupied by radio-

larians in the study area . The polycystins (with symbiotic zooxanthellae) 

were represented in the study area by Choenicosphaera sp ., CoZZosphaera 

tuberosa, Disolenia zcznquebariea and Siphonosphaera poZysiphonia . The 

upwelling species most likely represented the bacteria and the suspended 

and settling organic feeders niche . In fact, many more than those herein 

designated as upwelling species probably fell within this niche; the radio-

larians occur at depths below reasonable phytoplankton densities, and, in 

some cases, peak below the pigment depth . 

Bauer (1976), in investigating stratified tows from the Florida Gulf 

shelf, noted that planktonic foraminifera occur mainly in the upper 50 m; 

however, radiolarians not only occur in abundance in the upper 50 m but 

also to the depths of the shelf break . This, and the other data referred 

to, suggests that radiolarians and planktonic foraminifera are important 

intermediaries in the relatively longer food chains of offshore waters 

(four or five trophic levels), and their "importance" in the food chain 

decreases inshore and especially under conditions of large centric diatom 

blooms (where they may be fewer trophic levels) . 



Benthonic Foraminifera in the Water Column 

Benthonic foraminifera were noted previously in plankton tows from 

nearshore and offshore regions (Casey, 1966) . However, their occurrence 

in such tows was generally ascribed to a stirring up of the bottom. In 

this study a number of living (stained with rose Bengal) benthonic forami-

nifera were collected in our plankton tows (see Table 2 for a list of 

occurrences showing species, number per tow, station number and depth of 

each station) . Most of these were probably the result of a stirring of 

the water column and perhaps a suspension in the nepheloid layer ; however, 

the consistent occurrence of at least one species, BoZivina Zowmani, sug-

gested that it is a meroplanktonic stage of the adult benthonic form (Table 

2) . This species was especially abundant in the inner stations during the 

spring and appeared to be associated with the incursion of the spring 

"fresh" water lens ("Mississippi Water") . Another planktonic-benthonic species, 

which may be a potential indicator, is Uvigerina peregrina ; this species 

is a well-known benthonic indicator of outer-shelf and upper-slope depths 

and its occurrence in the outermost plankton tows during the spring gives 

even more substance to the suggestion of a strong spring upwelling in this 

region . 

Relict Populations 

One of the most interesting academic aspects of this study was the 

discovery of a relict population of radiolarians in the study area . Plank- 

ton tows from the study area yielded radiolarians previously believed to 

be extinct . From other current studies we have found that these radio- 

larians appear to occur in other portions of the Gulf and to-some extent 

in the Caribbean, but were best represented (by density and diversity) 

in the STOCS study area . These findings are not only of great academic 



interest, as shall be discussed ; but are also of economic interest since 

a number of these species have been utilized for biostratigraphy (one 

species has a biostratigraphic zone named after it), which is of impor-

tance to geologic dating and, therefore, oil exploration . 

Relict radiolarians collected in plankton tows and stained with rose 

Bengal include Spongaster pentas, Spongaster berminghamz, Spongaster cruci-

fetus, a "circular" spongaster and an "elliptical" spongaster (all alive 

and well) . The evolution of Spongaster pentas and Spongaster berm2nghcmti 

occurred about 4 .5 million years ago in the tropical Pacific (Theyer and 

Hammond, 1974) and is used to define the base of the Spongaster pentas 

Zone (Riedel and Sanfilippo, In Press) . Spongaster bermingham2 apparently 

became extinct (at least in the Pacific) shortly thereafter, and S. pentas 

apparently became extinct approximately 3.6 million years ago (Casey, In 

Press b) . The "circular" and "elliptical" spongodiscids are believed to 

have been the ancestors of S. berm2nghami and they were also found in the 

plankton tows, as were specimens of Spongaster cruciferus, which appear 

similar to the same species of the California Eocene . 

These species represent a relict radiolarian fauna and their presence 

suggests some intersting consequences of both biostratigraphic and paleo-

oceanographic significance . The conclusion, that the geologic and geo-

graphic ranges of some of the species used in Riedel and Sanfilippo's 

zonation were provincial, is of biostratigraphic significance . This pro-

vinciality is a real problem because the late Neogene part of Riedel and 

Sanfilippo's zonation was mainly developed using tropical Pacific cores . 

The findings here suggest that the radiolarian biostratigraphy (and perhaps 

other microfossil biostratigraphies) in the strato-type localities of the 

late Neogene in Europe, should be quite different from the "warm-water" 

Pacific zonation of Riedel and Sanfilippo . Correlation attempts to the 
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Pacific and European stratotype radiolarians have met with limited success, 

probably due in large part to the problem of provinciality herein mentioned . 

This problem was not noted before, probably because the sediments and 

rocks of the low-latitude Atlantic and its margin are usually void of radio-

larians in the post-Miocene . We studied the upper few centimeters of Holo-

cene sediments in the Gulf of Mexico and Caribbean since this finding in 

the STOCS study area and found specimens of Spongaster pentas and Spongaster 

berminghami . 

The paleooceanographic significance is perhaps of even more importance 

than the biostratigraphic significance . The Atlantic and Pacific appeared 

to exhibit more or less "cosmopolitan warm water" radiolarian biostratigra-

phies until at least the mid-Miocene . Some time after mid-Miocene there 

appeared to be a divergence of the radiolarian faunas and a development of 

greater provincialism . The reasons for this divergence were apparently 

related to geographic and climatic isolation and resultant allopatric 

speciation and differential geologic ranges of these isolated populations . 

The geographic isolation of the tropical Pacific from the tropical 

Atlantic may have been due to the uplift of the Panamanian Block to "effec-

tive sill" during the Miocene, approximately 4 .5 million years ago . Iso-

lation is placed at that time, or near the Miocene-Pliocene boundary . 

Prior to this time the spongaster faunas of the Gulf and Caribbean resemble 

those of the Pacific, but diverge shortly thereafter . [The sill depth of 

the Panamanian Block was about 500 m (Bandy and Casey, 1973) 4 .5 million 

years ago .] Therefore, the isolation may well be twofold : restricted 

circulation due to the emergence of the Panamanian Block ; and cooling that 

resulted in the initiation and development of Neogene glaciations and water 

mass regimes (Casey, 1973) . 

Water mass regimes and radiolarian faunas similar to the present may 
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have been established by mid-Miocene and that Atlantic and Pacific warm-

water faunas were isolated from one another at approximately the base of 

the Spongaster pentas Zone, about 4 .5 million years ago, or about the 

Miocene-Pliocene boundary . We suggest that the STOCS study area, and 

perhaps to a lesser extent, the rest of the Gulf of Mexico and Caribbean, 

has maintained, in part, relict radiolarian faunas (Casey, McMillen and 

Bauer, 1975) . 

The waters over the study area and the adjacent regions,ptly, may 

well be close to "Miocene type waters" . If so, why have the spongasters 

been the only or main survivors? What about the hundreds of other Miocene 

radiolarian species that died? We believe that we may have generated the 

answer to this question on the dendrograms derived from multivariant analysis . 

The R-mode cluster of live radiolarians (Figure 8) separates the relict 

radiolarians from the others (they are not associated with any season and 

only associate at a low similarity level with anything) . Spongaster pentas 

is attached at a low (and probably insignificant) level with the winter 

group . This is somewhat interesting, for it is within the winter group 

that Spongaster cruciferus is associated . However, S. cruciferus associated 

at a "high level" with a few others ; again this high level was due to a few 

occurrences, and may be excluded with more sampling . Spongaster ?pentas 

and the "circular" and "elliptical" spongasters all cluster out together 

between the spring upwelling (SU) and summer (S) radiolarian assemblages . 

This exclusion of the radiolarian seasonal cluster groups may imply 

that either the relict radiolarian could get along with any group (which 

would be a way to survive) or that they were in an unspecialized niche 

(can consume a variety of nannophytoplankton or are detritus feeders) and 

survived as the rest of the populations evolved "around them" . This last 

suggestion is intriguing, and to some extent may be enforced by the 
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location of these relict radiolarians on the R-mode cluster of radiolarians, 

foraminifera and pteropods (Figure 12) . Cere again the Spongaster pentas 

` ~ and S. cruciferus were well removed from all other groups, with S. cruciferus t 

being'so removed due to few specimens collecte~ The "circular" and "ellip-

tical" spongasters separated with, but were somewhat removed from, GZobiger-

j ina pachyderma and Uvigerina peregrina. These were separated into relict 

shallow (Rs) and relict deep (Rd) components with the spongasters being 

shallow and the foraminifera deep . We believe that this is very signifi-

cant, as all the relict radiolarians were associated with very shallow 

water radiolarians . Perhaps this is associated in some way with their 

survival as adaptors to the "Miocene eurythermal and euryhaline conditions" 

that were maintained in their present distributional ranges . GZobigerina 

pachyderma is the only "relict" foraminiferan seen in the plankton except 

for one occurrence of what we believe might have been GZoborotaZia tosaensis . 

GZobigerina pachyderma is not a relict in the sense that we have been using 

the term as applied to the radiolarians . Perhaps a better term for it would 

be a "local relict" for it lives today in high latitude faunas . It was 

found in the Gulf by Phleger (1951) and he suggested that it was relict 

either as a holdover from the colder Pleistocene conditions of the Gulf, 

or it is introduced sporadically around the southern tip of Florida . Our 

C~1 ?,~'f datatto date cannot distinguish which, if either, of Phleger's suggestions 

are correct, but the data does give a clue to where and why GZobigerincz 

pachyderms exists today as a cold water form in the tropical and subtropi-

cal Gulf . G . pachyderma clustered out with Uvigerina peregrine, a benthonic 

indicator of outer-shelf and upper-slope regions, which is found occasion-

ally in the plankton . U. peregrincz's association with G . pachyderms may 

suggest that both are upwelling forms, and that G . pacl2ydermcz's natural 



habitat is in the deeper and colder waters of the offshore region, an area 

more conducive for a normally high latitude form . 

Down Core Studies 

Approximately 200 samples [taken from USGS gravity cores 12, 38, 42, 70, 

81, 82, 88, 95, 114, 115, 157, 160, 176, 193, 214, 241 and 256 (see Figure 

50 for locations)] were sampled at 20-cm intervals in amounts of approxi-

mately 27 cc each . Seven of the cores proved worthy of micropaleontological 

analysis (cores 70, 88, 95, 114, 115, 157 and 256) and were processed for 

microfossils . For taxonomic work, the sample was processed by washing 

through a 63 um screen . Counts and species identifications were made using 

a reflecting light microscope at magnification to 120X . 

Four gravity cores were used for paleomagnetic studies (cores 42, 70, 

95 and 115) . These cores were sampled with paleomagnetic boxes at 20-cm 

intervals . Because of their relatively low magnetic intensities (10-4 to 

10 -5 emu), these samples were studied using the cryogenic magnetometer at 

the University of Texas, Marine Science Institute, Galveston Geophysical 

Laboratory . Samples were taken from the middle of the core to avoid contam-

ination and possible man-made "reworking" due to the coring process . Each 

sample was marked to indicate core orientation . Natural remnant magnetiza-

tion (NRM) was determined for the horizontal and vertical components of 

each sample . Secondary viscous components were satisfactorily removed 

by alternation field demagnetization to 200 oersteds . From these data, 

the total intensity, inclination and declination of each sample were 

derived . 

Three cores were useful for a study of shelf history (USGS cores 88, 

115 and 256) . Following the technique of Kennettand Huddleston (1972), 

attempts were made to biostratigraphically date the cores and to determine 
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the paleotemperature (related to time) of one of the cores . The abundant 

occurrences of the GZoborotaZia menardii complex, FuZZeniatina obZiquiZo-

cuZata and SphueroidineZZa dehiscens (all or any) were used to designate 

warm water conditions (interglacial) . Cold water (glacial) conditions were 

indicated by Globigerina buZZoides and G. faZconensis in the absence of, 

or with few, warm forms . A marginally warm interval was indicated by 

GZoborotaZia truncatuZinoides and GZobigerinoides saccuZifer. Core oCS-GC 

88 was the best for determining a relative paleotemperature curve using 

the above-mentioned criteria (Figure Sl) . 

Ericson and Wollin (1956, 1968), for the tropical and subtropical 

Atlantic, and Kennett and Huddlestun (1972), for the Gulf of Mexico, uti-

lized a semi-quantitative evaluation of the relative abundance of the 

GZoborotaZia menardii complex to develop a sequence of zones designated 

Q-Z in order of decreasing age . These zones represented alternating warm 

and cold intervals and were supported by oxygen isotope curves . Of interest 

were zones Z, Y and X which apparently were represented in at least a few 

of the South Texas shelf cores . The age of the Z-Y boundary was the Holo-

cene-Pleistocene boundary [about 10,000 to 11,000 years before present 

(ybp)] ; and the Y-X boundary was most likely a datum within the Pleistocene 

designating the base of the last glacial (about 90,000 to 95,000 ybp) . 

Core OCS-GC 88 (Figure 51) penetrated to the X zone and was about 10,000 

years between 40 and 60 cm and 90,000 years between 140 and 160 cm . This 

core was composed of lightly bioturbated mud (Berryhill et aZ ., 1976), 

with shell remains in the interval designated herein as the Y zone . Rates 

of sedimentation for the Holocene portion (Z zone) were about 4 cm/1000 

yrs and about 1 cm/1000 yrs for the period representing the last glacial 

(Y zone) . Core OCS-GC 115 (Figure 52) did not penetrate the Z zone ; 

therefore, a minimum sedimentation rate of about 15 cm/1000 yrs was indica- 
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ted . Core OCS-GC 256 (Figure 53) represented the slowest sedimentation 

rates of the three cores with rates of about 3 cm/1000 yrs for the Holo-

cene, 0.6 cm/1000 years for the last glacial (Y zone), and an unknown 

amount for the X zone . 

These cores were taken from stations on the outer shelf that were 

below sea level during the times represented in the cored intervals . The 

Y zone was "compressed" in relation to the Z zone due to a drop in sea 

level at this time (Y time), resulting in slow rates of deposition and 

probable erosion . Shell remains of macroinvertebrates were noted in the 

Y interval of core OCS-GC 88 (Berryhill et aZ ., 1976), and shell hash 

(of macroinvertebrates) and terrigenous sands were noted in the Y inter-

val in core OCS-GC 256 . The shell hashes most likely represented a scour-

ing and reworking of sediments during the lowering of sea level . Also, 

during this lowering in sea level, shallow water foraminiferans invaded 

the region of core OCS-GC 88 (Figure 51) . 

Samples from cores 42, 70, 95 and 115 were taken to determine paleo-

magnetism (Sea Table 3 for paleomagnetic data) . Figures 54 through 57 

give the average total intensity, inclination and declination for the 

samples of each core . 

Inshore areas are more affected by sedimentation rates and processes 

than offshore regions . There is a great volume of sediment being carried 

into the Gulf from a system of several major rivers by a counter-clockwise 

current . These two factors make the northwest Gulf of Mexico a clastic 

reservoir . In this case, perhaps the absence of any polar reversals in 

the outer shelf locations is just as significant as the large number of 

reversals in the inshore stations . Considering that the inclinations in 

Figure 56 are true indications of normal remnant magnetization 
4 

the rever-

sals of core 70 could indicate a high rate of sedimentation in a magnetic 
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TABLE 3 

PALEOMAGNETIC DATA FOR CORE SAMPLES 

CORE NUMBER DEPTH OF INTERVAL MOMENT DECLINATION INCLINATION 

Normal Remnant Magnetization 

70 0-3 cm .08035 355 .7108 8 .8561 
70 20-23 cm .16305 14 .95735 -13 .38665 
70 40-43 cm 1 .138 32 .7026 3 .793 
70 60-63 cm 1 .0159 20 .2484 -36 .9571 
70 80-83 cm 4 .276 45 .1398 -18 .7504 
70 100-103 cm 1 .6745 15 .1114 -6 .49775 
70 120-123 cm 1 .15865 334 .273 -42 .377775 
70 140-143 cm 3 .3032 315 .00269 -50 .78803 
70 160-163 cm 2 .92675 254 .8958 -55 .4293 

Demagnetization @ 200 Oersteds 

70 0-3 cm .3969 270 .4275 40 .3485 
70 20-23 cm .19635 305 .9309 22 .4469 
70 40-43 cm .2699 19 .91195 -14 .64195 
70 60-63 cm .36455 21 .6829 -8 .99545 
70 80-83 cm 1 .58455 64 .15955 -22 .7132 
70 100-103 cm .8068 352 .53901 -17 .3415 
70 120-123 cm .677 327 .4829 -84 .2209 
70 140-143 cm 2 .0652 309 .3628 -38 .85085 
70 160-163 cm 1 .71465 289 .66535 -33 .53465 

Normal Remnant Magnetization 

42 3-6 cm 3 .46475 91 .8468 -12 .1225 
42 18-20 cm 1 .82335 176 .8289 73 .27005 
42 21 .5-23 cm 2 .6057 118 .5031 -37 .90466 
42 41-43 cm 2 .3824 39 .80957 41 .4856 
42 53-55 cm 2 .19175 83 .73338 -3 .6475 
42 57-59 cm 2 .2894 139 .4006 27 .1527 
42 80-82 cm .44515 205 .44885 17 .4495 
42 87-89 cm 2 .73885 229 .48545 50 .06025 
42 97-99 cm 4 .1847 193 .15028 15 .38203 

Demagnetization @ 200 Oersteds 

42 3-6 cm 1 .15845 92 .338 -23 .7426 
42 18-20 cm 1 .2568 244 .64495 60 .76475 
42 21 .5-23 cm .60425 183 .95395 -8 .928 
42 41-43 cm .8955 200 .14945 81 .29845 
42 53-55 cm .28635 156 .8979 10 .68766 
42 57-59 cm .8520 190 .17385 37 .2666 
42 80-82 cm .26815 248 .92055 10 .5488 
42 87-89 cm 1 .30435 256 .8795 35 .4209 
42 97-99 cm 2 .4347 221 .0759 15 .91125 
42 100-102 cm 1 .52216 287 .8149 68 .080405 
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TABLE 3 . CONT .'D 

CORE NUMBER DEPTH OF INTERVAL MOMENT DECLINATION INCLINATION 

Normal Remnant Magnetization 

95 0-3 cm 6 .3492 3 .1742 56 .91415 
95 20-23 cm 1 .12 94 .7042 -79 .7415 
95 40-43 cm 7 .5943 90 .9866 46 .7539 
95 60-63 cm 3 .0845 12 .91545 21 .71885 
95 80-83 cm 9 .3953 24 .80105 37 .9431 
95 100-103 cm 4 .77045 112 .50855 57 .9884 
95 120-123 cm 8 .6353 86 .72875 54 .66175 
95 140-143 cm 3 .66355 47 .156 28 .58565 
95 160-163 cm 9 .04175 86 .46925 64 .3937 

Demagnetization @ 200 Oersteds 

95 0-3 cm 4 .792 29 .8994 48 .62175 
95 20-23 cm 2 .9904 316 .6232 -69 .1731 
95 40-43 cm 3 .27745 68 .81915 70 .76065 
95 60-63 cm 1 .37445 326 .0891 50 .45025 
95 80-83 cm 4 .3092 33 .88965 43 .70185 
95 100-103 cm 2 .9699 101 .3507 74 .0262 
95 120-123 cm 3 .68335 94 .97115 67 .4188 
95 140-143 cm .9071 44 .26505 40 .40025 
95 160-163 cm 4 .7032 137 .75225 77 .06315 

Normal Remnant Magnetization 

115 0-3 cm 15 .1637 168 .13515 50 .2882 
115 20-23 cm 15 .9424 158 .0736 54 .4572 
115 40-43 cm 13 .7912 166 .10035 43 .23275 
115 60-63 cm 17 .9213 129 .45615 29 .90155 
115 80-83 cm 19 .69505 157 .66955 38 .3868 
115 100-103 cm 12 .56223 153 .6257 34 .0528 
115 120-123 cm 15 .63565 164 .4835 46 .3392 
115 140-143 cm 12 .2921 179 .9599 61 .78345 

Demagnetization @ 200 Oersteds 

115 0-3 cm 9 .78845 178,2757 45 .24625 
115 20-23 cm 9 .11985 163 .6845 52 .55335 
115 40-43 cm 8 .6764 170 .462 40 .4834 
115 60-63 cm 7 .1379 155 .7715 36 .5499 
115 80-83 cm 11 .2735 163 .02185 33 .24255 
115 100-103 cm 8 .5443 168 .7363 36 .8625 
115 120-123 cm 8 .9953 186 .52135 39 .24065 
115 140-143 cm 4 .1704 272 .68805 50 .35265 
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reversed field . Core 115 was as normal as would be expected from the bio-

stratigraphy (Figure 52) . Cores 42 and 95 may well represent transitional 

phases between areas of high and no deposition on the shelf, with respect 

to a particular time interval . Sedimentation varies proportionately to 

position of the shelf . There is a sand-sized fraction increase toward 

shore indicating a higher energy regime toward shore . Core 115 was taken 

from a location dominated mainly by clay deposition, representative of 

biogenous pelagic sedimentation and suspended sediment influx . This homo-

geneous clay occurred only at the outer shelf edge . Also sedimentation 

rate can be a controlling factor in compression, diagenesis, and lithifi-

cation of sediments, all of which control the degree of magnetic orien-

tation . Areas of high rates of sedimentation have shown anomalous magne-

tic inclinations . A wide range of paleoenvironments may be represented 

by this different sedimentation . In our analysis, a lack of polar rever-

sals was just as significant as the presence of them . 

CONCLUSIONS AND INDICATORS 

From the previous results and discussion it was apparent to us that 

the shelled microplankton and microbenthon were very good environmental 

indicators . Our studies indicated that these organisms may be efficiently 

used to : 1) indicate water mass distributions and movements by use of 

indicator species and cluster groupings ; 2) denote areas and relative 

magnitudes of upwellings and volumes and routes of currents ; and 3) give 

indications of such things as the length of food chains (through the niche 

examples), and short term "health" (plankton tows and bottle samples), 

medium term "health" (the benthonic foraminifera), and long term "health" 

(the relict populations and down core studies) of the study area . 

We therefore, consider one of our main objectives and contributions 



to be the designation of certain shelled microzooplankton and shelled 

microzoobenthon as indicators of various aspects of the STOCS area . 

These indicators have been mentioned, throughout the text and related to 

the specific phenomena that they indicate . However, it was considered 

worthwhile to mention them in this section since they are our main con-

elusions . The indicators are listed in abbreviated form in Table 4 . 

Our indicators fall into three categories : those indicative of 

immediate, seasonal (or yearly), and historical oceanographic conditions . 

Most of our effort has concerned itself with indicators of the immediate 

"health" of the STOCS because this is what is most useful for a monitoring 

program . 

Immediate Indicators 

Indicators of circulation include : 1) the presence of high concen-

trations of nassellarians, indicative of offshore waters, on the shelf 

indicating the movement of offshore waters onto the shelf ; 2) isolated 

highs of nassellarians and polycystin radiolarians in general (nassellarians 

and spumellarians) on the shelf indicative of a pond of offshore water 

invading the shelf (these ponds may be coon in winter) ; 3) the presence 

of Spongotrochus gZaciaZis, Chorichasma sphaeruZites, Conchoceras caudatwn, 

TetrapyZe oetacantha, Uvigerina peregrina and maybe Spirocyrtis scaZaris 

(any of the mentioned), indicative of deeper (probably from 200 m or so) 

Gulf waters being upwelled and perhaps encroaching onto the shelf ; 4) 

large concentrations of solitary centric diatoms and or BrizaZina Zowmani 

away from shallow waters are usually indicative of shallow water displace-

went ; 5) high concentrations of Acantharians are usually indicative of 

freshwater runoff and in the STOCS area appear to be tags of the movement 

of fresh water such as the movement of the "Mississippi River water mass" 



TABLE 4 

INDICATORS OF OCEANOGRAPHIC CONDITIONS 

Immediate Indicators : 
Circulation - 

1) High concentrations nassellarians=offshore (invade 
shelf as ponds and "fingers") 

2) Upwelling or upbowing and movement of deeper open 
ocean Gulf water onto STOCS=presence of Spongotrochus 
gZaciaZis, maybe Spirocyrtis scaZaris, TetrapyZe 
oetacantha, Chonochasma sphaeruZites, Conehoceras 
caudatum and suspended Uvigerina peregrines . 

37 Nearshore waters out to sea=high concentrations of 
solitary centric diatoms and or BrizaZina Zowmani 
in suspension . 

4) A tag of brackish water movement=high concentrations 
of acantharians . 

Depth and Benthic Position- 
1) Inner and mid-shelf depths (Stations 1 and 2)=presence 

(usually dominance of) of Arrorionio beeeari, BrizaZina 
Zowmani and NonioneZZa basiZoba . 

2) Mid-shelf (Station 2)=Fursenkoina pontoni . 

3) Outer shelf (Station 3)=Uvigerina peregrines, BoZivina 
subspinescens, BrizaZina spinata, Cibicides, Siphoning 
and species of BrizaZina and BoZi772na not mentioned 
as indicators of other areas . 

4) Northern STOCS (Transect I and II)=Arrmton2a beccari 
and BrizaZina Zowmani as dominants . 

5) Southern STOCS (Transects III and IV)=NonioneZZa 
basiZoba and BuZimineZZa as dominants . 

Eutrophism to Oligotrophism- 
1) Solitary centric and acantharian blooms=eutrophism . 

2) Mesotrophism-high concentration of radiolarians (espec-
ially nassellarians) . 

3) Oligotrophism=low concentrations of radiolarians 
(offshore types) . 

Seasonal (or Yearly) Indicators 
Seasonality - 

1) TheopiZium tricostatum, Spirocyrtis scalaris, GZobi-
gerina faZconensis and G, quinqueZobcz as dominants 
indicate winter . 

2) Acantharians and ?Acanthocyrtidizan ophiurensis as 
dominants might indicate spring . 
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3) LcnnprocyeZas maritaZis, Euchitonia eZegans, Globi-
gerina buZZoides and GZobigerinoides Tuber as domi-
nants indicate summer . 

4) Spring also indicated by the SDI (Spring Diatom 
Increase), bloom of acantharians, and the drop in 
densities of polycystin radiolarians and planktonic 
foraminiferans . 

5) Seasonality indicators of benthon dominants include : 
NonioneZZa basiZoba and BrizaZina ZozJmani for winter ; 
and, BrizaZina spinata and species of BuZimineZZa, 
Cibicides and Fursenkoina for spring . 

Eutrophism to Oligotrophism- 
1) Eutrophism=an increase in BrizaZina ZotDmani to 

dominance with a general decline in benthonic forami-
niferal standing corp . 

2) Oligotrophism=shared dominance of many benthonic 
foraminiferan species and a general increase in 
benthonic foraminiferan standing crops . 

Historical Indicators 
STOCS Area Relatively Unchanged for Millions of Years (in Part) 

1) Relict populations of Spongaster pentas, S. bermting-
hami, S. cruciferus, "circular" and "eliptical" 
spongasters . /^, n 

l~._+ .~Y~, c'G~Y 
U Down Core "Micropaleontological Indicators" 

1) Paleotemperatures=Interglacial or warm (GZoborotaZia 
menardii complex, PuZZeniatirca obZiquiZocuZata and 
SphaeroidineZZa dehiscens) ; marginally warm (GZoboro-
taZia truneatuZinoides and GZobigerinoides saccuZifer) ; 
and, cold water or glacial (GZobigerina buZZoides 
and GZobigerina faZconensis) . 

2) Sea level changes are indicated by the changes down-
core in the dominance of the species indicative of 
depth under immediate indicators-depth and benthic 
position in this table . 



in the spring ; 6) deflections in the contours of radiolarian densities 

and diversities are indications of the direction of shelf water movement 

and these can, in turn, be tied to : nearshore movements to the offshore 

[by deflection of high concentrations of acantharians or spumellarians 

(especially the armed, spongy ones) offshore] ; shallow offshore water 

movement onto the shelf (by high concentrations of radiolarians in general 

and especially nassellarians and high concentrations of planktonic forami- 

nifera) deeper or bottom offshore and deeper or bottom shelf water (by 

following those species mentioned as indicators of upwelling, onto and 

around the shelf) . 

Indicators of depth and benthic position on the shelf include : Ammonia 

beccari, BrizaZina Zoromani and NonioneZZa basiZoba, indicative of inner and 

mid-shelf depths (Stations 1 and 2) ; Furs enkoina pontoni, indicative of mid-

shelf (Station 2) ; and, Uvigerina peregrina, BoZivina subspinescens, Briza-

Zinc spinata, Cibicides, Siphoning and species of BrizaZina and BoZivincz 0 

not mentioned as indicators of other areas, appear to be indicative of the 

outer shelf (Station 3) . 

The dominances .of Arrurtonia beccarii and Br2zaZina Zotvmani are indicative 

1911 
of the northern two transects (Transects I and II) ; andX the dominances of 

NonioneZZa basiloba and species of BuZimineZZa are indicative of the 

southern two transects (Transects III and IV) . 

Seasonal Indicators 

Indicators of eutrophic and oligotrophic conditions include : 1) soli- 

tary centric diatoms and acantharians in abundance (blooms) are indicative 

of eutrophism in the water column ; and, 2) high concentrations of radio-

larians (especially nassellarians) are indicative of "oligotrophism" (really 

mesotrophism) in the water column and usually represent offshore water (that 

is, more "oligotrophic" than the shelf waters penetrating the shelf) . 

J 



Indicators of seasonality for the plankton include : 1) TheopiZium 

tricostatum, Spirocyrtis scaZaris, GZobigerina fatconensis and GZobigerina 

quinqueZoba, indicative of STOCS winter ; 2) acantharians and ?Anthocyrti-

diwn ophiurensis, indicative of STOCS spring ; and, 3) LamprocyeZas maritaZis, 

Euchitonia eZegans, GZobigerina buZZoides and Globigerinoides Tuber, indi-

cative of summer . Highly visible indicators of the spring plankton are 

the SDI (spring diatom increase), the bloom of acantharians and the drop 

in densities of polycystin radiolarians and planktonic foraminiferans . 

Indicators of seasonality in the benthon include : 1) NonioneZZa basiZoba 

and BrizaZincz Zou7mani that dominate in the winter ; and, 2) BrizaZiruz 

spinata, species of BuZimineZZa, Cibicides and Fursenkoina that dominate 

in the spring along with an increase in benthonic foraminiferan standing 

crops . A dominance of BrizaZina Zowmani in sediment samples (sometimes 

associated with a general decline in benthonic foraminiferal standing 

crop) is indicative of the reflection of eutrophism in the overlying waters . 

Historical Indicators 

Down Core, Relict and Micropaleoritological 

Indicators that the Gulf of Mexico and STOCS study area have been 

relatively unchanged over . millions of years when compared to other regions 

of the world in general are the presence of Spongaster pentas, S. berming-

ha7rti, S. cruciferus, "circular" spongasters and "elliptical" spongasters 

that exist in the area but died out in other areas about 4 million years 

ago . 

Down core indicators (micropaleontological indicators) include : 

1) the GZoborotaZia menardii complex, PuZZeniatina obZiquiZocuZata and 

SphaeroidineZla dehiscens that are indicative of interglacial or warm 

water conditions ; 2) GZoborotaZia truneatuZinoides and GZobigerinoides 



saceuZifer that are marginally warm indicators ; and 3) GZobigerina buZZoides 

and GZobigerina faZconensis that are cold water or glacial indicators . 

Indicators for changes in sea level are the same that are used for depth 

position on tie present day shelf . 

It is also a worthwhile exercise to attempt to use some of these 

indicators to review the basic physical oceanographic patterns of the 

STOCS, 1975 . Figure 2 illustrates the general physical oceanographic 

patterns derived from Berryhill (1976) and Smith (personal communication 

and Parker, 1976) and the related "physical oceanographic patterns" derived 

from studies of the shelled microplankton studied by our group for the 

STOCS, 1975 . 

There apparently was a net transport to the southwest during the 

winter, most probably related to "northersa~'-VThere was an apparent drift 

all along the shelf, with perhaps enough coriolis effects to produce an 

upbowing of deep shelf waters onto the shelf and a breakoff and transport 

of ponds of offshore water onto the shelf (Figure 2) . During the spring 

there was a lens of Mississippi River water moving south and offshore 

producing a strong "estuarine upwelling" along with a net transport south . 

The combination of the coriolis effect and fresh water moving offshore 

producing the "open ocean estuarine effect" upwelling described above, 

appeared to produce the greatest upwelling of any season . The summer 

pattern showed the effects of shallow open Gulf water impinging on the 

shelf, with some upwelling . 

Appendicies A through G contain the raw and processed data supportive 

of this report on the shelled microplankton, general microplankton and 

microzoobenthon of the STOCS for 1975 . 
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APPENDIX A 

1975 Q-Mode Cluster Characteristics 

Explanation of Table : 

This table is a key to Figure 13, Page 31 of the text . 



APPENDIX A CONT .'D 

WIN 1 Stations 2/III and 3/I, 3/II, 3/III, 10 m and 25 m (1/2 photic 
zone) characterized by silicoflagellates (lI) presence of 
OikopZeura (lI), meroplanktonic polychaete (lI) and acantharians 
(37) . 

WIN 2 Stations 2/II and 1/IV 10-18 m characterized high percentage phyto-
plankton (85I) centric solitary diatoms dominant (72I) zooplankton 
(10%) . 

WIN 3 Stations 1/IV and 3/IV 7-10 m phytoplankton composed of centric 
solitary diatoms (46I) and dinoflagellates (15I) copepod-naupliar 
larvae total (26%), presence of echinoderm larvae (2%) . 

WIN 4 Stations 1/I and 2/I, 2/IV and 3/IV, and 3/II, predominantly 1/2 
photic zone, phytoplankton totals include diatoms (49%) [centric 
dominant (40%)], dinoflagellates (4I)(Ceratium) ; calanoid copepod-
naupliar larvae total similar to WIN 3 (27%) ; also characterized 
by presence of acantharians (2I), coelenterates (lI), and mero-
planktonic polychaetes (1%) . 

WIN 5 Stations 2/I and 3/I, phytoplankton totals (51%) include no dino-
flagellates ; pennates dominant (34I) ; shelled microplankton very 
abundant, spumellarians (1%) acantharians (9I) benthonic foramini-
ferans (1%), fecal pellets quite high (26%), calanoid copepod-
naupliar larvae totals very low (3%) . 

SPR 1 Stations 1/II and 1/I, (1/2 photic zone), low salinity waters, 
only zooplankton present are coelenterates (5I), phytoplankton 
(65I), centric solitary diatoms and pennate colonial diatoms 
dominate ; very high number fecal pellets (27I) . 

SPR 2 Stations 2/II and 2/IV, 1/II, 1/I and 1/IV, 10 m, low salinity, 
zooplankton (3I), phytoplankton (93I), pennate colonial diatoms 
dominant . 

SPR 3 Stations 1/IV and 2/IV (1/2 photic zone), 11 and 14 m, characterized 
by presence of benthonic foraminiferans (2%), coelenterates (U), 
meroplanktonic polychaetes (87), clams (2I) . 

SPR 4 Stations 3/II and 3/III and 2/II, characterized by Ceratizon (12Z) 
Trichodesmium bloom (15%), and tintinnids (12I), developing eggs 
(1%), diatoms relatively low (42%) . 

SPR 5 Stations 2/I and 3/II characterized by presence of harpacticoid 
copepods (27) in water column and high abundance of fecal pellets 
(26I) . 

SUM 1 Stations 1/II and 1/IV (1/2 photic zone), 13 and 11 m characterized 
by high relative abundance of tintinnids (14I), meroplanktonic 
polychaetes (6%) and presence of OikopZeura (II) . 
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APPENDIX A CONT .'D 

SUM 2 Stations 1/II and 1/III and 2/IV, 10 m, characterized by higher 
percentage phytoplankton (68I), than SUM 1 and greater abundance 
of copepods (6I), meroplanktonic polychaetes present in lower 
amount (1%) . 

SUM 3 Stations 2/I and 3/I and 3/III, (1/2 photic zone and 10 m), 
characterized by extremely low phytoplankton total (22I) and 
extremely high calanoid copepod-naupliar larvae total (45%) . 

SUM 4 Stations 3/IZ, 3/III, 3/IV, 77-105 m, deep water cluster, very 
low phytoplankton total (31%), foraminiferans relatively high ; 
benthonic foraminiferans (2%), planktonic foraminiferans (lI), 
coelenterates, holoplanktonic and meroplanktonic polychaetes 
all present at lI level ; best representation of copepod groups ; 
calanoid (5I), harpacticoid (lI), cyclopoid (2I), only cluster 
with ostracods present (4I), fecal pellets high (22%) . 

SUMS Stations 3/I, 2/III, 10 m,phytoplankton total (53I), dominated 
by centric solitary diatoms (16I) and dinoflagellates (21I), many 
rare groups spumellarians (2I), planktonic foraminiferans (lI), 
shelled pteropods (l%), clams (lI), and echinoderm larvae (lI) 
present ; highest percentage of calanoid copepods in 1975 (23%) . 



APPENDIX B 

SUMMARY OF MICROPLANKTON GROUP ABUNDANCES AND 
STATISTICAL INFORMATION COMPUTED FROM 1975 NISKIN DATA 

Explanation of Table : 

Maximum = greatest number of the particular organism found in any one 
sample 

Minimum = least number of particular organism occurring in any one sample 

Mean = average number of the particular organism computed from all samples 

Standard Deviation = the average range of the number of organisms about 
the mean (+ or -) 

Coefficient of Variation = the standard deviation divided by the mean 
(used to determine if the mean has any real 
significance) 

No . of Occurrence = total number of samples in which a particular 
organism was counted 

Mean of Presence = mean number of organisms computed only from those 
samples in which the organism was counted . 

Sum of Presence = a measure similar to the mean value which takes into 
account the number of occurrence, mean, and mean of 
presence ; a more conservative estimate than either mean 
value 
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TABLE 1 

COUNTING REPLICATES USED IN ERROR ANALYSIS 

Explanation of Table : 

A sample was taken with sufficient numbers of organisms present in 
order to test the error of estimate present in using averages com-
puted from only counting 100 organisms . The first 100 organisms 
counted are replicate l, the second 100 are replicate 2, and so on . 
This replicate information is used to compute the mean values for 
subsamples of 100, 200 and so on for the ANOVK test . 

Replicates 1 2 3 4 5 
Total Number Groups 9 9 9 9 9 

Centric Solitary Diatoms 43 44 36 45 38 
Centric Colonial Diatoms 16 40 34 28 33 
Pennate Solitary Diatoms 1 3 2 1 0 
Pennate Colonial Diatoms 28 10 22 23 24 
Ceratium 2 0 1 0 0 
Peridinium 1 2 1 2 0 
NoctiZuca 1 0 0 0 0 
Naupliar Larvae 1 0 0 0 0 
Fecal Pellets 7 1 4 1 5 



TABLE 2 

COMPUTATION OF TOTAL ERROR OF ESTIMATE 
IN COUNTING PROCEDURES USED (NISKIN DATA) 

Standard Coefficient 
Mean Deviation Of Variation 

Centric Solitary Diatoms 41 .2 3 .96 .048 

Centric Colonial Diatoms 30 .2 9 .01 .149 

Pennate Solitary Diatoms 1.4 1.14 .407 

Centric Colonial Diatoms 21 .4 6 .76 .158 

Peridinium 1 .2 .84 .349 

Fecal Pellets 3 .6 2 .61 .36 

Percent of 
Total Variation 

1 .98 

4 .50 

.57 

3 .38 

.42 

1 .30 

Total Variation in Counting Procedure = 12 .15 



TABLE 3 

ANALYSIS OF VARIANCE PROBLEM USED TO TEST COUNTING PROCEDURES 

Explanation of Table : 

The problem was set up to test whether or not a subsample of 100 
organisms was statistically different from one of 200, 300 and so 
on . That is, are the realtive abundance averages obtained for 
counts of 100 organisms significantly different from relative 
abundance averages obtained by counting 200, 300, and so on? 
In this case the results of the ANOVA test indicate the differences 
are not significant . 



TABLE 3 

ANALYSIS OF VARIANCE PROBLEM USED TO TEST COUNTING PROCEDURES 

Ho : The difference between replicates is due to random effects (2 .e . the 
same population is represented in each subsample) . 

The measurements represent the mean values for the organisms present in 
each sample . 

Subsample Number 
Count Totals 

Xi = 

X . . = 489 .58 

X = 97 .916 

k' . = 239688 

1. 2 3 4 5 
100 200 300 400 500 

43 43 .5 41 42 41 .2 
16 28 30 29 .5 30 .2 
1 2 2 1.25 1 .4 

28 19 20 20 .75 21 .4 
1 1 .5 1 .33 1 .5 1 .2 
7 4 4 3 .25 3 .6 

96 98 98 .33 98 .25 99 

X2 
A = i J ' = 7990 .47515 

C = i ~ Xi~ = 15165 .65664 

Source of Variation Sum of 
Squares 

Between Columns A-B 

Within Columns C-A 

Total C-B 

B = 

ANOVA TABLE 

Degrees of 
Freedom 

4 

25 

29 

X? 

IJ - 7989 .6 

Mean 
Square 

0.87515 

7174 .78125 

7175 .65664 

F 

0.00762 

F of refection (4 and 25 degrees of freedom, 99 .9 confidence level) = 6 .49 



FIGURE 1 

GRAPH OF GROUPS VS NUMBER OF ORGANISMS COUNTED 

Explanation of Figure : 

The graph is used to depict whether or not under representation 
of the total number of microplankton groups (i .e . different 
types of organisms) is factor in only counting 100 organisms . 
In this case it is not . 



1JJ 
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Figure l . Groups Vs . Number of Organisms Counted . 
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APPENDIX D 

SPECIES LIST OF RADIOLARIA AND FORAMINIFERA 



SPECIES LIST OF RADIOLARIA AND FORAMINIFERA 

SUBCLASS RADIOLARIA 
SUPERORDER POLYCYSTINA 
ORDER SPUMELLARIA 

FAMILY GOLLOSPHAERIDAE 
G'hoenicosphaera sp . 
CoZZosphaera tuberosa 
DisoZenia zcrnquebczrica 
Siphonosphaera poZysiphonia 

FAMILY ACTINOMMIDAE 
SUBFAMILY ARTISCINAE 
Cypassis irreguZaria 
Orrnnatczrtus tetrathczZamus 

SUBFAMILIES NOT DESIGNATED 
Actinoma 1 
Actinoma cf . medianum 
Astrosphaera 3 
Astrosphaerid 1 
Astrosphaerid 2 
Astrosphaerid 3 
Cenosphaerid 1 
Cenosphaerid 4 
Cenosphaerid 5 
CZadococcus seoparus 
Cubosphaerid 1 
Cubosphaerid Z 
Drymosphaera poZygonaZis 
Radiolarian 1 
Radiolarian 2 
Radiolarian 3 
Sphaerid 1 
Sphaerid 2 
Spongosphaera streptacanthcz 
StyZacontra rium bispicuZum 

FAMILY PHACODISCIDAE 
HeZiodiscus asteriscus 

FAMILY SPONGODISCIDAE 
Euchitonia furcata 
Euchitonia eZegans 
Hymeniastrwn profundum 

"Spongasters" 
"Circular" spongaster 
"Elliptical" spongaster 
Spongaster berminghami 
Spongaster cruciferus 
Spongaster pentas 
Spongaster tetras irreguZaris 
Spongaster tetras tetras 
Spongobrachiwn eZZipticum 



"Spongotrochids" 
Spongotrochus geddessi 
Spongotrochus gZaciaZis 

Others 
Spongosphaerid 1 

FAMILY PYLONIIDAE 
HexapyZe dodecantha 
TetrapyZe octacantha 1 
TetrapyZe oetacantha 2 

ORDER NASSELLARIA 
SUBORDER SPYRIDA 

Acanthodesma vinicuZata 
Spyroid 3 
Spyroid 4 

SUBORDER CYRTIDA 
FAMILY PLAGONIIDAE 

CaZZimitra sp . 
HeZothoZus 1 
He Zotho Zus 3 
Lophophaena sp . 
Peridinium spinipes 
PteropiZium stratiZoides 
TheopiZium tricostatum 

FAMILY THEOPERIDAE 
Bathypyramis 
CaZocycZas 1 
CaZocycZas 2 
Eucyritidium accuminatum 
Lithopera bacca 
Nassellarian 1 
Pterocanium praetextum praetextum 
Pteroecznium praetextum eucoZpum 
Pterocanium triZobum 

FAMILY PTEROCORYTHIDAE 
Anthocyrtidium cineraria 
LamprocyeZas maritaZis poZypora 
LvmprocycZas mcrritaZis maritaZis 
LipmaneZZa vichowii 
Pterocorys sp . 
Pterocorys zaneZeus 
Theocorythium tracheZium dianae 
Theocorythium trachetium trachetium 

FAMILY ARTOSTROBIIDAE 
Spirocyrtis 2 
Spirocyrtis scaZaris 



FAMILY CANNOBOTRYIDAE 
Botryocyrtis scutwn 

SUPERORDER ACANTHARINA 
Acantharian spp . 

SUPERORDER PHAEODARINA 
Conchasma sphaeruZites 
Conchoceras caudatum 

PLANKTONIC FORAMINIFERA SPECIES 

GZobigerina buZZoides 
GZobigerina buZZoides faZconensis 
GZobigerina faZconensis 
GZobigerina cf . incompta 
GZobigerina pachyderma 
GZobigerina quinqueZoba 
GZobigerina rubescens 
Globigerina sp . 
GZobigerineZZa aequiZateraZis 
GZobigerinoides tuber 
GZobigerinoides teneZZus 
GZoborotaZia cf . tosaensis 
GZoborotaZia truncatuZinoides 
OrbuZina universa 
PuZZeniantiruz obZiquiZocuZata 

BENTHONIC FORAMINIFERA TAKEN IN PLANKTON TOWS 

AnguZogerina beZZa 
BoZivina spinata vat . costata 
BoZivincz Zowrnani 
BoZivincx subaenariensis vas . mexicana 
BoZivina sp . 
BuZmina acuZeata 
CassiduZina curvata 
CassiduZina subgZobosa 
Cibicides concentricus 
Cibicides moZZis 
Eponides tumidulus 
Eponides sp . 
Fissurina cf . crassicarinata 
FZSSZIY'ZnlX SP . 

C7,2'OZdZYCQ SP . 

MarginuZina sp . 
Neoeponides antiZZarwn 
NonioneZZa basiZoba 
PZanuZina sp . 
QuinqueZocutina compta 



RusseZZa cf . miocenica 
StrebuZus beccari 
Uvigerina auberiana var . Zaevis 
Uvigerina hispido-costata 
Uvigerina peregrines 
UaZvuZineria cf . araucancz 

BENTHONIC FORAMINIFERA 

ORDER FORAMINIFERIDA 
SUBORDER TEXTtJLARIINA 

FAMILY SACCAMMINIDAE 
Lagerccvronina atlcmtica (Cushman) 

FAMILY HORMOSINIDAE 
Reophax comprima (Phleger and Parker) 

FAMILY LITUOLIDAE 
ArronoscaZaria pseudospiraZis (Wiliiamson) 

FAMILY TEXTULARIIDAE 
Bigenerina irreguZaris Phleger and Parker 
SiphotextuZaria affinis (Fornasini) 
SiphotextuZaria roZshauseni Phleger and Parker 
TextuZaria eczndeiana d'Orbigny 
TextuZaria parvuZa Cushman 

FAMILY ATAXOPHRAGMIDAE 
EggereZZa scabra (Wiliiamson) 
Gaudryina cf . aequa Cushman 

SUBORDER MILIOLINA 
FAMILY MILIOLIDAE 

MiZioZineZZa warreni Anderson 
QuinqueZocuZina compta Cushman 
QuinqueZocuZina obZonga Reuss 

SUBORDER ROTALINA 
FAMILY NODOSARIIDAE 

DentaZina sp . 
Lagena nubuZosa Cushman 
Lagena spirata Bandy 
LenticuZina eaZecrr (Linne) 
Saracenaria sp . 

FAMILY TURRILINIDAE 
BuZimineZZa eZegantissima (d'Orbigny) 
BuZimineZZa cf . bassendorfensis Cushman and Parker 
SpiroboZivina sp . 



FAMILY BOLIVINITIDAE 
BoZivina subspinescens Cushman 
BrizaZintz barbata (Phleger and Parker) 
Brizalina fragiZis (Phleger and Parker) 
BrizaZina hastata (Phleger and Parker) 
BrizaZina Zowmani (Phleger and Parker) 
BrizaZina mexicana (Cushman) 
BrizaZina ordinaria Phleger and Parker 
BrizaZina spinata (Cushman) 
RectoboZivina advena (Cushman) 

FAMILY BULIMINIDAE 
BuZimina acuZeata d'Orbigny 
BuZimina gibba Fornasini 
BuZimina marginata d'Orbigny 
ReusseZZa atZantica Cushman 

FAMILY WIGERINIDAE 
Sagrina puZcheZZa (d'Orbigny) var . primitiva (Cushman) 
Trifarina beZZa (Phleger and Parker) 
Trifarina jamaicensis (Cushman and Todd) 
Uvigerina beZZula Bandy 
Uvigerina parvuZa Cushman 
Uvigerina peregrina Cushman 

FAMILY DISCORBIDAE 
BuceZla hannae (Phleger and Parker) 
Cancris sagra (d'Orbigny) 
EpistomineZZa vitrea Parker 
Stetsonia minuta Parker 

FAMILY SIPHONINIDAE 
Siphonina bradyana Cushman 
Siphoning puZchra Cushman 

FAMILY ROTALIIDAE 
Ammonia beccarii (Linne) 
Ammonia pauciZocuZata (Phleger and Parker) 

FAMILY ELPHIDIIDAE 
EZphidiwn gunteri Cole 
EZphidium poeyanum (d'Orbigny) 

FAMILY EPONIDIDAE 
Eponides repcmdus (Fichtel and Moll) 
Neoeponides antiZZcrrurn (d'Orbigny) 

FAMILY CIBICIDIDAE 
Cibicides aff, fZoridanus (Cushman) 
Cibicides moZZis Phleger and Parker 
Cibicides sp . 
Cibicides umbonatus Phleger and Parker 



FAMILY CAUCASINIDAE 
Fursenkoina compZanata (Egger) 
Fursenkoina compressa (Bailey) 
Fursenkoina pontoni (Cushman) 
Fursenkoina spinicostata (Phleger and Parker) 
VirguZineZZa pertusa Reuss 

FAMILY LOXOSTOMIDAE 
Loxostomrnn sp . 

FAMILY CASSIDULINIDAE 
CassiduZina subgZobosa Brady 

FAMILY NONIONIDAE 
FZoriZus astricta (McCulloch) 
FZoriZus atZantieus (Cushman) 
FZoriZus grateZoupi (d'Orbigny) 
NonioneZZa basiZoba Cushman and McCulloch 

FAMILY ANOMALINIDAE 
Hcznzcrwaia strattoni (Applin) 
MiZonis barZeeanus (Williamson) 

FAMILY CERATOBULIMINIDAE 
HoegZundina eZegcms (d'Orbigny) 
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APPENDIX E 

GENERAL MICROPLANKTON DATA SHEET 



pIA`TKTON RATA SHEET - .42CROPALEOLiTOLOGY LA-B . RICE L':7I`T-1-RSITY 

STATION TYPE OF SAMPLE DATE_ 
DEPTH TLS OF DAY cf, SA:.rprz 
OTHER us^D 

P'3YTOPLA :vICT02d . S 
=- DIATOMS' 2M07,;'"3 3.' 

CENTRIC SOLITARY _ PTEROPODS CG'1~,'~ IN 
CENTRIC COLON2AL SHELLED COII:ITT'dG 1 
PE.~TNAfiE SOLITA.'2Y NON-SF.ELI:ED 
PENNATE . COLONLAL CHAETOGdATT.3S 

DINOFLAGELLATF.'S . POLYCFiAETES 
PERIDINIU24 HOLD PLANKTOL7IC 
GON`IAULnY MEROPIANRTCLlIC 
DL~10Pi3YS IS CRUSTACEANS 
CERATIUId EUPHAUSIDS 
NOCTILUC.X SHRIMP 
OTHER MYSIDS 

SILICOFLc1GEI.iATES "MYSID STAGE" 
EBRIDIANS AMPFiIPODS 
TRICHODESb12UM ISOPODS 
COCCOl.IIOP:iO1L'S CU:^ACErLVS 
NAIAD FLAGELLATES COPEPODS 
OTHER CALF..VOID 

HARPACTICOID 

Z OOPL~?..vFCTON 
PROTOZOA 
RADIOLARIA,NS 
S P UPS LIA22r3iIS 
NAS3ELL?-RLA,NS 
ACAIQT'_4IA'VS 
PF3AZODA2L'OIS 

FORA:'-LTNI°ER~.vc: 
3ENTHONIC 
PZ.A-NKTONIC 

T INi i`7iT IDS 
CILIATA (0'P:-!E'R THA.4 TI:ITL`ID12DS) 

OTHER PROTOZ 

CYCLOPO7D 
LUCIFER 
NAUPLIAR T-n.2'TA=' 
IMEGALOPS 
Z 0^cA 
OSTRACODS 
ci.aDOCER-PQNs 

PODON 
EVADP;E 

MERO?Lr1.VKTON Cr 3E_I':'::CNIC _rvTlERrc 
ECHIVODE2"4 

SNAILS (~T'LI:aLRJ) 

CLAM 

BRYOZ OAN 
TROCHOP30:t=. 
TUAIICATE (TADPOLE) 

EGGS 
COELENTERATES MEROPLAINKTON OF NEKTON 
SIPHONOPHORES DEVELOPING EGG 
CTENOPHORES FISH EGG 
SALPS JTTIENILE FISH 

DOLIOLi7Id FECAL PELT.. TS 
OIKOPEURa 

ORGANIC DETRITUS 

SEDIMENT 



APPENDIX F 

DATA SHEETS FOR SHELLED MICROZOOPLANKTON-MICROZOOBENTHON, 
WINTER, SPRING AND SUMMER 1975 

Explanation : 

Densities (Numbers/m3) 



SHELLED COGPLAA'KTGA OLWSlT1tS-d.l.w.STUUY 

-- -'-- ----r3tM~rtF-fE~tNUS-s Tctf~Mrl~xt MFC+2~tS~T4- ---. . 

RADIOLAPTAP, SPECIES-LIVES 

SPECIES NAME STAT(lN NUMCEH ANJ TkAVSECT 

l-i 2-1 S- l l- ll 

-Si TC-xr4S-TPTCA~ i qy vt~ 0- 0.a . 

S . HE.~1MIh(.HPMI 0 .0 J " ^ 

S.CRUCIFERl.S n.J 0 .7 O .C C .0 

5.NEN1N ; 0.7 7 .0 , . ., 0 .0 

- - - fIRC.`iP'1!:GADISC" -- . - U .^ T-.04 - - J:O --' O .C 

cLLIN.S?CNuCGI`"C O .U C .JZ J .U O.C 

S.(AF`)'LLIFTIC G .J ^ .'1 O.C O .C 

H. Pi: OFiINCU+' A.i . G.Q o .5ti J .30 U.G 

- rf .PUOFUNOWO JuV - - O.-J - - i .os-- -?:vQ ' - d .22.-- 

ASTpO'PIar:FA ., 0 .3 0 .^ v.7 0 .0, 

F .EU4=ATA G .u U .E2 U.C 0 .0 

F .Fl Ln~s 0 .~ 0 .0 n.C 0 .0 

._-- ?S .GFnnc

'

St .. ._ C ., n.C - - () t, - ' 0 .0 -_ 

S . GL AC (4Lli Ab . O .U .̂ .v 0 .0 C .G 

S.GLACI4LIS JU V C . .̂ J .(11 ) .C O.C 

CHUEV7Cr, SPFA.,kA 0 .3 0 .0 J .Q 0 .3 

CENt:SPH4E+A 1 P .) 0 .(` O .C O.C 

C.S1Pr1uN .f'iLY~ I 0 " ^ n,7 J .0 ., .C 

C.IRBFuuLARi .i O .C 7 .0 0 .0 0.0 

- '"I'll riAEn iCz - -$-sP_ . 0 .0- 

SPNAE-FI C I O .C q.1 0 .0 U.G 

ACT(N7n!q 1 0.^ 0 .0 0 .30 0.0 

CUBOSPHAEHIC 1 r 0.3 0 .0 0 .0 0 .0 

P:9----'- O.P- 

2-1I °-II 1-I1( 2-III 3-I11 1-IV~ 2-IV 3-IV 

~U .fl -Q .bC . . --A :9 -- °- 1-rbS - 4 . ls~~- --- o-.9-. . ---E>i9-- ---9i0 -------- 

C.0 0 .0 0 .0 0 .55 0.0o 0 .0 0.0 0.0 

C.U 0 .0 0.0 0 .0 O .bo 0 .0 0.0 f` .0 

C .C 0 .0 0 .0 0 .0 0.33 0 .0 0 .0 

C.0' 0.0 . . . C .0- U . C' -' t:0"- -9 .-? ----10,-. <t .- . . _-- 

0.0 0.0 C.0 0 .0 0.06 0.0 C .0 0.0 

0.0 0.0 0.0 0 .0 0 .0 0 .0 0 .0 f` .0 

1 .47 0 .6C C.0 1 .GS 5.47 0.0 0 .51 1 .55 

0.0 a, . VC O.0 _. .4 .97 --5-.9d __6~tA_ _ . . . _. 7,52 _ . . t .a~_ .___ ._ . _. 

0 .0 0.0 0.0 0.1,:5 0 .G 0 .0 0.0 0.n 

C .L 0.0 U .0 0.55 I . ,S3 0 .0 1.50 0.18 

c .o c .c c .e 0 .0 0 .0 0 .0 c .7s O . 
C .9 - 0 .0 - --- 0 .0 '0.-95 . . . Oro6- -O :A-' ---II-:O---- 

O.J 0 .0 1) .0 0 .55 0 .0 C.0 0 .0 1 .55 

O.G O .C C .0 0 .0 1 .00 0 .0 0 .0 0 .3P 

C .0 0 .0 0 .0 0 .0 0 .0 C .0 0 .0 0 .M 

r.o- - o .e- - - o .o-- -- 0 .0- --- o- .v-- ----e:o-- 0-.a-- ---e-,~- -------- 
C .J 0 .0 C .0 0 .0 0.0 0 .0 0 .0 0 .0 

G .C .f .s2 0.7 0 .0 0.0 0 .0 0.0 

0.0 0.0 0 .0 0 .0 0.0 0 .0 0 .0 0 .0 

C .C 0- .ID . . . J.0-. _. . 9zC .. --l .66 . _ OrtY.-_ . 

0 .0 0 .30 0 .0 0 .0 0.0 0 .0 0 .0 

0 .G 0.0 0.0 0.55 0.0 0 .0 0 .0 1 .16 

C .0 0 .0 0 .0 0 .55 0.0 0 .0 0 .0 0 .0 

0. 0 - - - O:-O - - -- B . O. - -O-s-SS- -- 9-sG- ---9a Q--- --8:$- P:9------ 

F 

C 



45TRn5FHACa1D d 0 .^ '? .^ O .C C .C C .0 0.0 C .C 0.75 0.0 C .0 0 .0 

SpHncvl,~ r .) J .n G .J ~ .C r . : 0 .0 v.0 x .55 0 .0 0 .0 0 .0 

0 . ID 0.0 O.SS - 0.j3- - G .O - ' 0.4 - f . 0- 

i .OC~ACAn?1-G Z V .: = .') ) .' 9 .C C .7 0 .0 C . . 0.0 O .C 0 .0 0.0 ^ .7 

i .ST-1- PTFC e NT .iO G .J ~ .'0 0 . 0 f,7. ~ .C 0.0 1 .65 4.00 4 .L4 0.0 

p . V CLV :.( N al . l . . .? 7 ) ^ .0 C .C 1 .oS 0 .0 C .0 0.0 C .f~ 

e .BtSr7rtTV'a . , C .P < r .t C .j . .(I f .~ 0 .0 C.be 0 .0 0.0 n -7~ . . 

S .diSP ll_ULU`+ . . ) .n i .C ., .C C .= , . .C ., .G O .U l .uu C .0 C .0 . .3A 

S.~ONGnSPr,aca~~ 1 1 .D .7 .7 C .'1 O .i C . J C .r, G .C 0.0 0 .3J 0 .0 C .0 ~ .^ 

NnO iIL ., : I +n . . ., ,, .a . .c u .c c .c c .c o .c c .ss c .o 0 .0 ~ . 

-kAnTrn_r.=inl, 3 c .c r .J r, .c c .(l 11 .0 o .~ .r c .o 0 .0 

A .( CF) "~EL) I aF,j , ~ . . ~ . . . .~ C . . . .- J .c C .r C .Q 0 .0 l, .u p .J C .~1 

C,'Cl " a- IL S 0 .j .C . . i : . - .V ii .C f. . . O .G 0 .0 G .G 0 .0 

CFNI,S1ii+', 1 u C,_ . . . .v C . . .U O .C ". . . 7 .0 0 .0 C .J 0 .0 O .C 

r~ .D~ir~CaNrrl~ ~ r .(l c .~ . . . O .C C .0 0.0 0 .0 0 .0 () .0 -- 

C.CAUfA'uI , . . '.? .G ." .0 O .l C . .. .. .0 C .C C .G 0 .0 C .0 0 .11 . .? 

C .S~'r=°uu~ fT~ y v . .? . .C ., ., f " c ^ " C O .G O .C 0 .0 0 .0 C .0 7 .n 

D.YArI . FrA:[C:, J . : . .7 � . . . ., f . � C .n C .0 0 .0 O .J G .u O .f C . .̂ 

C.TUIIF-^-°n - ,. : . 7 .^ . . C .~ " D .o U .C 0 .0 0 .0 0 .0 C .0 0 .0 C.^ _ 

CCLL^~VViPF 710 : C .0 J .C " . . . . C . .= . . C .C 0 .0 0 .0 0 .0 C .C C .0 C .0 

jauMVL .tnP Ian _ .J ) .^ . . . , . . . . ., ~ .C i .7 G .C O .C C .0 0 .0 O .n 

. C .~ C .C 0 .0 C . . 7 .C O .C L .J G .C 

.COAnr.nr:GUt_n C .c -1 .0 ., . . ~ . .. . . ) 'i .U 0 .0 C .C 0 .0 0 .0 0 .0 �~^ . 

O .r .,L C .0 C .U 0 .0 c .J C .n C . 

CEhi)e,.~ra . . -+ I f ; / . .C . .r ., . ., C . . J .~ J .C G .G 0 . 0 C .o 0 .0 C .0 ~ . 

A .VIrjICJlA74 . .. ~ .~ . .. . .sC L .'. C . :) C .(I C .C 0 .t,5 C .C G .C C . . .^ 

3PYP!11z' C`" _ . .. n . . C .~ r . : : 0 .0 r .0 C .0 C .U C .0 C .C C .'! 

V.SF" 1`.Ip C' C . . 7 . . . . . .. . .C .. .G ,. .C ) .C ' .Do 0 .0 0 .0 

C . .iC Q .n 0 .0 Q .d .i C .0 0 .0 ^ .7 

N'LLTP rL l i - G .:; . ._ , ._ . . ,. .( . . .C C .0 C . :~b f .0 U .0 C . .. r .^ 

_ 7lrJr',9"MNrrya r . � . . .r , . . C .r c . ;; 1 .C , .C _ .p ~ .co C .C - 0.0 r' . 

F 
1 
V 



L.OAC .: w 

NTrd(lCNS 1. F 
-+ 

p.ZAV r_ L'U'i 

L .yIC~+"a I t 

P.Tu IL : Cij v 

T~r?:7CI'C .̀~7 MU . . 

i:ALUCYCLA_ '. 

CAIN" VCI. AS ~ ; 

r_ .ACUH Ir+A 'UN 

-' C=(C ~- ) ~ CU~~~_1 K 3-T U"+f 

S . S( AL C' : 1' . 

SP(yJ(.V-Zll 

P.Pun-r,r -Av 1 

---- P .Pt' nl' 7 .CUlrL .% 

A .CIv' n 

J .SC U, JF " 

C4111 'ITU? 

c~T, T ~ A( I . T, Gi r 

jp, . T . . a_ l L 

� , ~,^ , .c o,~ c .~ c .o c .c+ u .c 0.0 c .o 0 .0 c .^ 

C .C 0 .^ .1 .0 J .i ~ .) 0 .0 C .0 0 .0 0 .7 0 .C 0 .0 O .9 

-" C . "" "" .C 1 .2C C.n - ~ .r - 0.90 OsO -f .1C - ] .JO - C.0 UsO . e.77 

(;,) 1 .0 7 .J . . C .) 7 .C O .C 1 .17 O .dj C.0 C .0 0 .0 

.~ q .^, .r G .~, . .U O.f (` .0 0.0 C .ot f. .C 0.0 ~ . 

r .> C .J C .~T .̂ O .S C .0 U .0 - (" .C 1 .10 - 2. .13 C .9 O.C- - C .?N . . 

r� r .G 0 .0 C .f J .C 0 .33 C .C 0 .0 

�� p .c .C J . . . .C .. .G . . .C J .C O . .Sa 0 .0 0.0 ^ .0 

i .C .. .C C .C G .0 L .C 0 .55 0.35 C .0 0 .0 x .77 

.~ r . i .) ~ . . . . O.--(, C .C 1 .oS ~ . » (1 .0 C .0 ~ . 

� , . O .q . ._~ . .~ C . ., . . :3C C .C 1 .I0 4 .00 C .0 0.7E 0 .77 

. . , 0 . . > ._ .. . . .~ .. .r c . . . 0 .45 0 . J .3 C .C C .o ~ . 

C . . . . . . .~_ . . . C .~ ~ .r . ., O.G ~ .v C .0 C .Q ~ .3e 

J . : a .C 7.^ c .~ C .) :) .C 0 .0 0 .0 . . .0 C .C 0 .0 x .38 

V, . 7 ._ . . . C .C (` .t r . . C .C ~i . C G .J . .0 0 .0 0 .JP 

r .C C .0 0 .0 0.0 0 .0 C .0 o,t 

F- 



SFCLLEJ LLLPLANnTLN UtNoITiF>-s.L .M .STUDY 

UEU51Tit5lhL5 . /CV .M .1-5Vi ING-1975 

yPECIES PIPMt 3TATlLN ~UMCER AN,1 TnAtV=c:CT 

1-1 2-1 J-[ 1-11 

S .TETkAS TETka :; C .J J .~ O.J C .C 

-- --s .vcaM~r,a111- - --a .a -- 0 .0 ~ .ca _ . . . 0 .0 
S.CUUCIFEHI.S G .lj 3 " 0 J " ~ 

S .PLNTAS 0 .0 0 .0 J .G 0 .0 

C1HL . :.>r'On~PCI~~ .) .J 0 .3 : .J u .~ 

O.J 0.0 ~ .o ~ .c. 

S . " APFIELLI FTI~ J 7 .7 J .0 U . ., 

H .Pr2UFUNCUM r~. . C .~ 0.0 0 .0 Q .C 

H.PRUFUh.UI.N JUV G.0 O.C C .0 O .L 

_ __ yc3fi1tC5PMaE-Ff -~ . __ b.0 - A-.O- J .A - --i: .o 

t .EUHCATA 0 .1) J.0 J .G O . J 

E .ELEGANS 0 .0 0 .0 3 .0 C .C 

75 .GEGUES51 (' . :: J" 1; 0 .0 0 " 

- S.TiLACtALI~ A~). -- t' .0 - t) .0- G .r} -0 .G 

S .GLACI A LI S IUV O .J J.C L .ca O .C 

CHUFh1Ct;°ti'hP,w a O .J 0 .0 3 .1, U.C 

H.hST[RISCIS Q .0 C .0 J .C Ll .C 

-._____ . .S EIYQSPFTAEfi2 1_ G .i, U .cG O.U - 0.0 

C.SIPrICN .LCLY~I U .) O.J J.J J.L 

C.IRk=vUL A~ :I~ 0.0 C .J L .0 U .l. 

CVOOSNHAEFII 2 J.u 0 .0 G . : J.J 

-SPNACRf') 1 ' ' n .C "? .J J.0 C .G 

ACT INOMA 1 0 .0 7 .J U.C O .J 

CUCfOSPMAFUIC 1 Cl . .i ~ J .) 0 .0 C .c 

------ ASTROSNHPERIU- .f C . : 0 .0 c. .0 ~ .J 

[-ll J-ll l-llt c-lll 3111 1-1V 2-IV 3-IV 

0 .0 0 .0 0 .0 0 .0 0,0 0 .0 0 .0 C .30 

u .4 O.U 0.0 0 .-O - -- O.O_ 6 .-0 - -OHO - - ADO-- ---- 

G .c 0 .0 0 .0 o .o 0 .0 0 .0 0 .0 0 .0 
0 .0 0 .0 0 .0 0 .0 0 .0 0 .0 0 .0 0.7 

C .C 0.0 G .0 0 .0 0.0 6 .0 0 .0 0 .0 

O .J O .u Q . u O .G a.U - 0 .0 - - 0 .0- - O .i3- - 

C .0 O .JC 0.0 0.0 0. L; U .0 0.0 0,0 

C .v O .oO 0.0 G .~S 0.0 v .0 0.0 r,38 

c .c 0 .0 0 .0 0 .55 0 .o 0 .0 e .0 0 .0 
. .G .J 0.0 0.0 0 .0 A.-0 - - G.0 -. - -0 .0 - 4D .?- . . ._ 

0 .(i 0 .0 0.0 O .U 0 .0 C .0 0 .0 0.r 

0 .0 0 .0 0 .0 O.C 0.v 0 .0 0 .0 0.0 

f,~) O .bU 0,0 0 .0 O . .io L .0 0.0 0.7 

0.0 0.e,0 0 .0 1 .30- -0 .0 -0 .0 - 0.-0-_ . __d~3e . . . ._ . . . 

C .0 O .dU 0 .0 O .C O .oo C .0 0.0 0.0 

0.0 0.0 0 .0 0 .55 0 .0 0 .0 C .0 0.^ 

Q.U C.J 0 .0 0 .0 0 .~ 0 .0 0 .0 0.78 

G .0 1 .01 0.0 1 .10 - 4.07 0 .0 - G.O- -0-.9 ---- - 

0 .o o .c 6 .0 0 .0 o .u 0 .0 0 .0 e .0 
G .C 0.0 C .G 0 .55 O .l. 0 .0 0.0 0 .^ 

C .J 0.o0 0 .0 0 .0 0 .0 C .0 0 .0 0. .̂ 

G .o J.0 0 .0 0 .0 U .U - U .O 0.0 -- 0 . 0 

C .la J.0 0 .0 U,' O .uD 0 .0 0 .0 0 .0 

G .u J .C C .O 0 ._~ 0.0 C .U 0 .0 0 .0 

. .L u .o o .c c .u c.c 6 .0 0 .0 e .o 

F 
l 
F 



AjSTNGSHHAtw IJ j 

SPNAERID ? 

D.TETI~A7HALAMUi 

----T .-OtTfctanTnAT -

S .ST RF PTACaPI.Tnw 

G.PCIYGCAALIS 

S .fiI :iPKI.LIM 

-S-. Lit SNlCutvM 

SPCh(.DSPMPFn^ly 1 

RADIOLARIAN ! 

R4UICLPR : An 

A-. Kf 1 Mf'Ct'+RU'A 

C .SCUPPRIU_ 

r+ .uuucCnnrrn 

C.or'hAF-I.L ITES 

U.ZANCiUEEPF ICn 

-- COLtQ4F'HAtFIt) b 

SPUN[LLaFIPn u 

,ENOSPnAEF 1C u 

L.UUAOFAnI,I,L A 

----ttlfl'~SPitAER IC 

CENi7SPhAEi~SC 7 

A .VINICUL PTP 

SNY4:GIC _' 

- - P,SFiyYPEL 

NE:Li7TNOLI.S 1 

HEL JTIil:ll.5 3 

1LUPMUI'MPEK P ;aV 

o .V 0 .0 
0 . V 0 .0 

0 .0 0 . 02 

-- -- C.tl-- . . - - C.t}- 

0 .0 0 .82 

O .U 0 .0 

U .U J .J 

. . . . .OsU 0~~-- 

0 .0 J .J 

O .u O .U 

C .i: 0 .0 

O .U 0 .0 

G .J 0 . .. 

u .c , . 
o.v 

0 .0 0 .3 

G .u 7 .) 

J .C J .U 

V.V A.1 

O .i C .J 

U ., 0 .0 

0 . :. J .) 

c .u v.~ 

G .J C .~ 

o . . o . . 
0 . : 1 .C> 

O .0 0 .0 

O .l 0 .0 

.~ > .(. 

J~L O~O 

u .j o .o e .u o .jo 0 .0 0 .55 o.ss 0 .0 0 .0 0 .0 
O .U U .u C .0 0 .0 0 .0 0 .0 0 .0 0 .0 0 .0 0 .0 

0 .0 0 .0 0 .0 0 .30 0 .0 U .0 0.0 C .U 0 .0 0.0 

-J .-2c_ . . _-0 .U . . . G .d 0 . 0 - -0 .V O .US . . .__O.U -P.O__ _ . . . ._o-,.0 . . .- .__0 .3& 

0 .0 u .0 O .V G .JC C .0 O .C 0 .0 0.0 0 .0 0.0 

U .0 0 .0 0 .0 O .U 0 .0 0 .0 0 .0 0 .0 0 .0 0 .0 

, .3 0- 0 .0 U . .3u 0 .0 0 .0 0 .0 0 .0 0 .0 0.0 

9 .J G .~ J .(, 0.0 0 .0 L.O 0.0 -- 0.0 -- G .O- OAP - - - 

U .0 c, .c 0 .0 0 .0 c .0 0 .0 0 .0 0 .0 0 .0 0 .0 
0 .3 G .C r �, C .C 0 .0 0 .0 0 .0 G .O 0 .0 0 .0 

U .C 0 .0 G .G 0 .0 0 .0 0.0 0 .0 0 .0 0 .0 0 .0 

a . r,!: 0 . . . p .u ~ .o G .0 u .G -0 .0-- - 0 .0 - 0 .0 C .-O . . .- 

U .C C .~ C .U U.OC V .0 0 .0 0 .j3 C .O 0.0 0 .'_B 

u .o ' .3 c .u i o .c o .t~s o .u 0 .0 c .a 0 .0 
o .0 c .c c .c u.sc o .c 0 .0 0 .0 c .o 0 .0 o .o 

0 .0 o . e 0 .00 0 .0 o .a- . . ._o . b'i o,-a . _ _.0 .0 - e .e 
� .v C .J f . � 4 . b3 0 .0 G .C 4 .0U 0 .0 0.0 C .0 

C ., G .0 C .0 0 .0 l .oo 0 .0 0 .0 0 .0 

J .J ~ .- C . J JAG C .O C .C C .j3 0 .0 C .0 C .0 

J.U - C- 6 .U G .J G .G 0 .0 0 .4 0 .0- 0 .0-- Cv?E 

J .f 0 .0 C .J 0 .0 r .0 0 .0 0 .1) 0 .0 C .7S 0 .3 

J .C C .G _ .C 0 .0 G .0 0 .0 0 .0 L,O 0 .0 (! .32 

U .'~ C .C ~' .u 0 .0 0- 0.0 0 .0 0 .0 0 .0 () .2-e 

11 .0 0 .') 0 .u 0 .0 0 .G 0 .0 1DH0 0A0 - 0 .0 B .3E 

J .0 0 .^_ G .0 6 .0 O .C G . : : 0 .0 0 .0 0 .0 C .?d 

o .J c .0 0 .111 o . .~c 0 .0 0 .0 o.u o .o c .o 0 .0 
C .r. C .0 C .C O .C C .0 O .C 0 .0 0.0 0 .0 0 .0 

O. C C .J () . L, O . :sJ O.r 0 .0 0 .0 C .O 0 .0 0 .0 - 

0 .0 0 .0 u .C G .C 0 .0 0 .0 0 . L, G .O C .0 C .C 

,. .J Q .G C .U V .C C .J U .G 0 .0 (. .O 0 .0 C .0 

J .C C .G C . u O .G 0 .0 U .0 O.J G .O 0 .0 0 .0 

F 
l. 
r 



L.bACCA . .v 0.0 Q.J C .J 0.0 

PTEkUCOkYS SP 0 .0 0 .0 J .C 0.0 0.0 

P.LA,JLLElS 0 .0 J.C O .J 0 .0 C .C 

i.vTtit[ia~ 21 -- -- --- ~-C .O 0.0 - 0.0 0.0 - 0.0 

P .TRILOJUN ~ . .. 0 .0 O .G 0 .0 0 .0 

hASS[LAIt1Uw 1 C .G 0 .0 0 .0 C .C O .U 

r .rRtccc STPTJMl 0 .0 0 .0 0 .0 u .c O .o 
-- <AIOGYELAS 1 - - - : .J - 0 .1) -- -0 .0 G .C 0 .0 

CALOCYCLA_ ' 0 .3 0 .0 : .G C .0 C .J 

E .ACU.MI "'JAi1.h U . :. 0 .0 'l " .=c J .J C .J 

E. .(CF)ACLMIN:.T-~ C ., C .~ : O .J C .C U .0 

. .. . S.SCALaRI~~ - - C .L 0 .0 u .0 O.Q C .O 

SPIUDi.YkT ( 5 L J .0 0.O ") .0 G .0 C .G 

F1 .PitACT .PFPET G .J ~ .C 0 .0 0 .0 ~ .0 

N,PkAET,EIiCCLP U .J 0 .0 O .C 0 .0 U.J 

A .CINFRIA- O .v J.v - J .6 - 0.- C.U 

tj .SCUTI, ;d c .c e .~ ) .o c .o -- .o 
CALL 1M(TNA $P 0 .0 0 .~ G .C U .0 C .~ 

7 .rNacM .ctQnat c .~ . .o L .~ c .c o .o 
r,rl~ atri.r~aCn v .fj o .~ 0 .0 u .o c .a 

?P .STUATILC Iu,, J . .: "J .) C .u G .~ C .G 

0 .0 c .0 c .55 0 .0 0 .0 0 .0 c .3e 
0 .30 0 .0 0 .0 0.0 C .0 0 .0 0 .0 

2.72 0 .0 1 .65 O .bU U .0 0 .0 -, 0 .0 

3 .,sc 0.0 0.0 - 0.0 -<- .o 0.0 --- c .0 
O .C 0 .0 0 .0 0.0 0 .0 0 .0 0.0 

0.0 0 .0 0 .0 o . » e .o 0 .0 c .a 
o .oc 0 .0 0.0 0 .c, 0 .0 0 .0 0 .0 
0 .0 0 .0 0 .0- - -- 0- .O - 0 .0- - 0.0 - - 0.0 

0.0 0 .0 0 .0 Q.G G .0 0 .0 0 .0 

L .C 0 .0 0 .0 O.ou 0 .0 0 .0 0.38 

(1 .G 0 .0 J .C 0 .0 t .0 0 .0 C.3E 

G . -40 D . r, U .0 O.U 0.0- - O.O- - ea0 

O . .iC C .U 0 .0 Q .~ .j C .0 0 .0 C.0 

O.bC 0 .0 O .~S O.G 0 .0 0 .0 C.0 

U.10 0.0 O .U U.0 0 .0 0 .0 0 .1 

2.11 0 .0 0~0 I.uo - 45 .O - O .O .̂ .-4 - - 

e .c c .e 0 .0 0 .0 0 .0 0 .0 0 .0 
c .c o .c 0 .0 0 .0 o .e 0 .0 r,o 
o . so 0 .0 1 .10 0.0 e .o 0 .0 c .o 
o .sc 0 .0 0 .0 0.0 0 .0 0 .0 o .a -- 
G .C O .C 0 .bS 0 .J 0 .0 0 .0 9.C 

F-
V 



S~c~uV ZCC'rLANKTL:N CFNi1TIF ;- e .L, M .>T.i ;,Y 

LENS I T If- _° ( ̀ 11, : ,/CU.M . 1 -SU~" W:~~-1 X75 

RACICLAP int, bPEC.1 c~-1.SvFS 

SPEC Its nt ME .~7AT[ON fKUMCF= ANU TtAIJ'--;CT 

t -I 2-1 $-1 111 r-11 '-f! 1-1 1 1 G- I1 1 3-ill 1-IV C-IV 7-IV 

O,FR4~'. .Ga?-7 U- u- J .2<- ~ .u 1 .v4 O .!+4 0 .0 0 .0 0.33 J,U 0 .0 1,!7 

C_TCT4t "' Tr'kL,~ 0.p U.0 ~ .5= - Q , .~~7 .7 .0 1 .4L u,U U.u U .J U .7S 0 .79 

S.FFPN1NGhcMI O . U 0.94 ~ .?o u,U . .44 0 .0 U .U J, O 0.0 0 .0 J,U 010 

S ,PFNT4° 0 .0 0.0 ~ .C 0 .0 1 .x.4 0 .0 1 .a2 0,0 0 .u 0 .0 0 .0 0 .0 

5 .7P'NTac O,y U.u v . . ._ U.J c . :7 0 .97 0 .0 0 .63 0 .3 :i U .u U .75 0 .0 

S.GECr1fS'7 T U .u O .U v,7, v, . . J .7^ J.?r l .4? u.34 O, :3 d J,U O .U 0 .0 

T .OCT4C4N'HZ C .u U .U .. .U v .~ .. .U 0 . 9 7 0 .0 O .J O .b7 U .U 0 .0 O .0 

"FAGC .F .' ,~ . C .0 0 .0 ~ .Zc u,U 0 .0 U .0 0 .0 0 .0 O .U7 U .0 0 .0 

CbLCNCA U .J 0 .0 ~ .J U .0 0 .0 0 .0 U ;0 O .o7 0 .0 U .u 0 .0 

C FNCSFFCF'a c J .V U .U r ._~_ u .U U .J J .32 O.U 2.18 0 .0 1 .31 J .J 0.78 

LCCI-OCEnF 0 .~ c .J ~ .L E 0 .u u .Ij 0.0 U .0 U .u 0 .0 0.0 0 .0 0.0 

c Icf,`FGnGf C1~C C .J 0 .0 ' .0 J .0 l .w+ 0 .3' J .0 1 .J9 O .U J .0 0 .75 0.19 

ELL IP .°P'_nF'f:ISC 0 .~ J.0 r .U J . v 1 .4, 0.72 O .u U.J G.U 0 .0 J .U 0.0 

H .FR;FI,rI!'.U~' Au . 0 .0 U . C$4 1 . . .. 1, :1 y .~~+ 0.64 . .cc ! .27 O.U U.0 2 .2G ^ .1B 

M.FtirFl,"('uN Juv O .u l .cd = . :c u . 1S .2 c 3 .!t 2 .d3 o.17 2.67 J.U 0 .0 0 .7H 

pC? ;.TFbGIe" : ;~. 0 .0 J . A4 J,J u . . . u .J 0 .64 U .0 J .0 O .U 0 .0 0,0 0.0 

L,N;.FITAIf°r' :LY C .u 0 .,14 ~ .2~. U,u . . .17 0.0 0 .0 J .U U.U u .U O.u 0 .0 

E .FU~C<-4 C .v J .J ~ ._'t - U.J 0 .0 J .0 I .C3 J. U 0.0 U .J 0 .0 

E.FLEC :t IS C .~ 0.0 . ._L U . . 4-i 0 .0 U .0 9 .N1 0 .67 O .U 0.0 0 .0 

S,T[T=t ; T-_.. U.~ J .J -U ~.~ U .77 O .U 0 .0 0 .0 O .O 3 .0 0 .0 O .0 

E,SPINI5 ( . .U U .u . .U ~ .~ x .77 0 .0 U.u J .U U .u 0 .1) U,U 0 .0 

F.B .C^Llf`f , O .u U .0 ~ .u J .V U .v 0 .12 0 .0 O .U U .J U,U O.J O .O 

Q.INVAGIKA'~ O .J U .u J .U u .V J .U 0.0 5 .0 4 .J6 U .u J,U O .U 0 .0 

r RING ? O .u 0 .0 1 .u J .~ U,J O.O U .u 0 .0 O.U U.U 1 .51 X1 .0 

S .GIAC(A Ll` ~r. , G,u U .u ~ .2t u .J 1 ,0 U.?' U.0 0.54 1 .Ju 0 .0 U.u 0 .0 



S .GLACIAlIS JUV O .U 0.0 J,U U .u U.0 0,0 0.0 0.54 0 .0 0.0 0 .0 0 .79 

CYROSPFA'vIC ? G.u 0 .0 r .2t J. u U .0 0 .32 0.0 0 .0 0 .0 0.0 0.0 0 .0 

AC'IKCNa ! O .U 10 .11 r .20 0 .0 0 .0 0 .0 0.0 0 .0 0 .0 U .0 0 .0 0,0 

O,TFTPOTMnL aMUS G .U 0 .0 x .53 O.U 2.17 0 .0 0 .0 0 .0 0.0 0.0 0.0 0 .30 

5.5TPIFTACt nT r4 0 .0 O .H4 x .75 U.u 2.17 0 .0 0 .0 U.54 O.U 0 .0 0,0 0.39 

O.PCLVCCKa I'.b O .U 0 .0 J .U U.u 0 .72 1 .27 0 .0 0,54 0.33 0.0 0.0 0 .0 

S.BISPICU W M O .U U .u x .26 U.u 0 .0 0 .0 0 .0 0 .0 0.0 0 .0 0.0 0 .0 

G CAUCPTLM C .J 0 .0 r,U U.U U .0 0,64 0.0 U .0 0.0 0.0 0 .0 0 .0 

C.SPFAFALL!TES C .0 O .U x .53 U.u U .u 0 .0 0 .0 u .U U.0 J.O 0.0 0 .0 

P.ZANCL ;FUS 167 0 .0 v .0 O.U U .0 n .0 J .0 1 .09 0.0 J .0 0 .0 0 .19 

L.VICtiCwIi O .V O .d4 x,75 u,G U .u 0 .0 0 .0 2.18 O .U 0.0 0.0 0 .0 

SFIFCCYRTi° 2 0 .0 0 .1) -U u.J O .J 0 .7? 0.0 U .J O.U 0.0 0.0 0 .39 

A.CINFFIA O .U O .J J,2t U.v U .0 0.54 0 .0 0 .0 0.0 U .0 0.0 0 .0 

l 
t 



°_ftL~tU LLLPLafltiiun GEt.SITILa-LJ .L . W. STUDY 

DENSITIES(NHS . /CU .M .)-rl vTr.k- ly74 

__R AHtBt-4 R1 All- 5r'E ~ wt 5 

SPECIES PAMC STATIGN NUM .iEti' AhU TRA4SECT 

1-1 2-1 3-1 111 211 

H.PROFuNC~N JUV C .G C .d2 .) .in 0 .0 G .(. 

13 .G - n.d 0.0 G .O (I .U 

C.IRI-EC.UInR(5 O .J 0 .0 G .j 0 .0 C .0 

AGTInCMA 1 O .J 0 .0 0 .1) C .0 0 .0 

ASiHU5NH 0F F1U 1 C .J 0 .0 U .0 O .C O .J 

t_-DCiALANTtA-t -- J.V - O .O- J.P- O.~ b�, 

ASTROSPNPCr1U J .C 0 .0 C, .G C .0 0 .0 

S .tT?FVTACphThA Q .-j 0 .0 J .l. 1. .4 (,J 

U.FCLYGCI.ALIJ G . :. : .C 0 .0 O .C' 

_ kAV10LARtan . .V -O, ̀.? 0-0- . -4 .ti - E.6- O .G 

A . (CF) MELIA4,JM J .G 0.0 C ,J (.,C C .G 

H.DOJECAPTro 0 .0 0 .0 0 .0 C .0 O .C 

SPYROID 4 0.0 0 .0 G .G U .C O .C 

" -Pl2ANtl_ECS U.C --9:0 - - 'J . O -1; .0 0.0 

L .VfCNC,mlI 0 .3 C .U v .0 G .C O.U 

T .TRICOSTATt,M O .C 0 .0 ),jC L �; 

(AI.JCYCLAS 2 0 .0 O .J 0 .0 C .C G .C 

S:JYAL-Aa7 c U.) 0.0 - i .CG- 6 .0 0 .0 

3-11 1-111 ?-111 3111 1-Iv 2-IV 3-TV 

c .o 0 .0 u .o 0 .0 0 .0 0 .0 c .c 
3 .0 0 .0 - 4-0- - 0.0 .. . -0.0 - - " 0 .0 -- - -0.4) -- 
G .0 0.0 0 .0 0.0 0 .0 0 .0 C .0 

0 .0 0 .0 0 .0 0.J3 G .0 0 .0 n.28 

o .c 0 .0 0 .0 o .u 0 .0 0 .0 0 .0 
u . L G .f. G .0 _ 0 .0 G .O- . . O.0 - -A . 3lT ._ . . . 
o .o c .o o . ;s o .c 0 .0 0 .0 0 .0 
C .C 0 .0 0 .0 O .Jd C .0 0 .0 C .0 
0 .0 o .c 0 .0 0 .0 c .0 0 .0 0 .0 
0.0 0 .C- 0 .0 - -01.0 1 .41 -0 .0_ 

J .C 0 .0 0 .0 0 .0 C .C 0 .0 0 .0 
7.0 0 .0 0 .0 0 .0 0 .0 0 .0 C .7 
G .C 0 .0 0 .0 O .G 0 .0 0 .0 C,0 

G .3G O.G UsO- - -0 .0 . . . 0 .0 - ' - OsQ-- ._ f;-77 

G .U G.G 0 .0 0 .33 O .C 0 .0 C .C 
C .C G .C 0 .0 0.0 0 .0 0 .0 C .39 
0 .0 C .0 0 .0 O .jd 0 .0 G .0 0,13 

0 . 0 - - O .-0 - O. O- - -0 .O - 4.0 - -O .O- - 0.43 -- 



=rELItU cJt_PLAnwTCls CLnSiT1L5-J .L .N .STUUY 

UEIV53TlE5(NUS . /CU.M .)~SPHI~VG-1Y75 

SPECIES nAME oTATIGw NUMGEK AhJ fKANbt.CT 

1-1 2-l 3-I 1-1[ 2-I1 1-l l 1-I11 2-111 3-tl[ l-Iv 2-IV 3- IV 

ri .PRUFI,VCI :N JUe 0.0 C .CL 0.J0 0 .0 C .J 0 .0 0.0 0 .0 0 .0 0 .0 0.0 C .0 

A f JiG- . O .G . . . J.J-__ ~A.u C. L 0 .0 0.0 _ 0.0-. . 0.0 ..__ __ . .p,0 _g,p__ . . . .g.~~.-__ 

C.IciREGUL-qTS u., 0 .0 J.C o .c .. .0 o .c C .U C .0 0 .0 0 .0 0 .0 C .0 

ACT INCVA 1 O.U 0 .0 0 .0 J .0 C .G 0 .0 0 .0 0 .0 0 .30 O .C 0.0 0 .3e 

ASTROSPHAEFIJ ~ 0.0 0 .0 0.0 O.u O .U 0 .0 0 .0 0 .0 0.0 0.0 0.0 0.0 

.___..-_T'."O'CTA-L-A-RTYA.Y- C.6- . . _O .U f, .0 - . 0.0 C .O U .O_ _ _.-0 .O_ .._ L.O__ . _ _--0-tT-_ _t) . °8-__. ._ 

ASTNOSPnP_°GIG 1 0 .0 O .J O.J 0.0 C .U 0 .0 0 .0 G .~S 0 .0 0 .0 0 .0 0 .0 

S .STFEPTPCanTrIA G . : 0 .0 v.0 G .0 O .U C .U G .G 0 .0 0 .31 C .0 0 .0 n .0 

U.PCLYGOPIALI .,, O.J 0 .0 C .J f,C O.L 0 .0 0 .0 O .G O.G G .0 0 .0 0.0 

-0-.d -0.G Gw G.G 4 .0 0.4 ---O.J--- 0-0 - ' --- 

A .(CF)NEC IAFUM 0.0 0 .0 0,0 G .0 O.V o .c 0 .0 0.0 O.U C .0 0 .0 0.0 

H.DODECAKT~C 0.0 6 .0 J .J 0 .0 0 .( . 0 .0 o .c O.G 0,0 0.0 0 .0 0.0 

SV1'R0[U 4 0 .0 G .") O .C C.C O. v 0 .0 0 .0 0 .0 o .c 0,0 0 .0 0.0 

_Fl, 
_
ZANCLLI.S O .B . . _. J ..7 . . -v-rv- C'.0- 0.1) J.3C G .C J.C __Oi .G . - _ _ . . .E .O . _ _ -t3 .0__ _ -C,oT7 

I.VICMCx(1 J .J :) .C J .J C .~ C .U o.c U .Q 0 .0 0.3! G .0 0 .0 0 .n 

T.TR1CCiT n TI .M 0.0 O .J 0 .3i' C .J C .(. 0 .0 0 .0 C .0 0.0 0.0 0 .0 C .3B 

CALDCVCLA S 0 ._~ 0 .0 0.') G .C C .v 0 .0 0 .0 O .G 0.33 0.0 0 .0 0 .0 
-----S.SCALla-tr ---- - - 0 .;: - --fa? - -1 .[3 U .J U.v 0 .0 _. 0 .0 - G .0- - 9.8 G.G - CEO----- - Os9 -'----- 



~FEILcU Z!'.'GPI_aNK'~::N DEN, ITIGS~_~ .L .M. .S'u:,Y 

GEN :iIT :F`lh,'<, . /CU.M . )-SU .NhI:_R- : X75 

FFDIOUGIAn =PFCIES-U CeCS 

SPEC1P5 I.GML STSTSCN NU .4E=N AND 7tANS:CT 

1-I =_1 1~I 

L .MOFI'A LiI l-SLY O. U U .O 1 . ; :: 

I .'4 ICr+Chl : C.J J .G J .U 

S .GLArIeLI° dU V J .u U .C J . .ct 

T .nC?ALaKIf? G .(, U .u ~ .=t 

OLLCNCA SF . 0- J .0 J,2t 

1»11 2-17 3-11 1^111 2-111 3-111 1-IV 2-IV 7-TV 

u.u U .o 0 .0 o .u o .u 0 .0 0 .0 u.o 0 .0 

u.U U" U 0 .0 0 .0 0.0 J.U 0 .0 0 .0 0.0 

u.U U.U O .U 0 .0 G .U 0 .0 J .0 0 .0 0 .0 

u.u U.0 0 .0 0 .0 J.U 0.3 :i O .U 0 .0 0.0 

U .0 O .J 0 .0 0 .0 U .U U .U 0 .0 0 .0 0 .0 

F 
l 



SfELLCU LGCFLANKTCn uEP,9iTlt5-d .I.N .STUDY 

VEN ~-ITIt°_lnOS . /Cu.M .)-w1FTcR-ld74 

._FONAMtYVtFE~"~-~IHEII tr~~LIVES . 

SPLCIES hPML ~,TATIIh hUMtIR AhJ If. AN St CT 

2-1 ~-1 1-11 2-11 3-11 1-11 I ~-IfI 3111 l-IV 2-1V :3- 1 V 
l.=lCF)IN LCNFTA l .lr 0.0 J.~C O .C C.G 0.0 O .C O .oS C .U 0 .0 0 .0 C .0 

fttaFtCt'S - - t .Ib 2,46 - - - --9.J -- -Q.G - 0 .0 0.0 -- - 0.0 4 .0 - 0.0 - 0.0 -- O .O - 0 .0- -- 
~ .PnLCCNE n ;Io U .u y .0 : 7 .rC 0.0 Z .c1 1 .51 0 .0 1 .10 3.31 (1 .0 0.75 _,49 
,RUBE , G .v 1 .40 t .wl C . :: 0.0 0 .0 0 .0 0 .0 0 .0 0.0 5.27 1 .1E 

G.PACHYUE NNa ') ,0 , .r2 0 .0 0 .7 C .0 O .C G .0 0.0 0 .0 0.0 0.0 0 .0 
------ G.itVMESGEtcS C .G-_ .~.'+2 - - --S.9c -- G_ k; - C. 13 - . _ .0 .0 . .0 .0 0.0 P-A - - G .-0 . ._ _-3 .bP - - B.3B-- -- 

G.AfUU1LlTtFA~ I a C .d2 0 .3G 0 .0 G .0 O .bC Q.0 0.0 O .o3 0.0 G .75 0.0 
U.(7)ULINUI, FLLCH -- .29 2 .72 C .0 C .U 1 .01 0 .0 C .0 O .uo G .0 4,51 0. _'E 
- tsULLCIl.ES O .v J .dC O .J C .c 0.0 C .C O.,S 0 .3d 0 .0 1 .SC n .^, 

-- -- G. h3vNCAFVtfrtt;lu - O .s:- C.J - 0.0. - 0.0 U .O O.G - -0 .0 0.10 3.EE-- 
G.dULL-FALCUcN J .0 C .0 3.G2 lo . C 0.0 0.0 C .0 O .S!~ 0.30 0 .0 4.51 C .7B 
G .SN . 0 .0 0 .0 l .t, l 0.0 C .C O.vO 0 .0 0 .0 0.0 0 .0 O.C 0 .7 
P.OOIIU,JIICCU~A 7.U L . C.U C .J v .0 v .0 U .0 O.;id G.0 0.0 0 .0 __ ._ ._ G .trF)T".79?=x5tI; -C .0 O .G G-,~ . . . U.J b .G G.0 0 . 0 0 .0 O. if b.0 O.7b _ . _.O .O 
9. UN IVFRSn _ . . C .~ 0.0 ".'C----_- 0.7 . U" C . . _ G .0 G .0 O .u 0 .0 0 .0 0 .0 C .7 
U_NE REC,a(nA O .J . .ct .. .0 U.~ C .C C .~ 0.0 0 .0 0 .0 0 .0 0 .0 0 ." 
U .1rI5PIDC-CCSTaT O .p 0 .0, J .cO J .'J C .U 0 .0 0.0 U .C O .U J .0 0 .0 C.0 

-C.ttRCC^lTtrtCC3- - O:C - J .C: - -- u .3G ~ - G . n C. .6 0 .0 6.0 0.0 0 .0 . O .A - -0.75 - O,g - 
d.SUtAENPF1e :v .t S J .i. J .7 0-C C .G C .G 0 .0 O.J 0.0 C .0 C .0 0.0 C,n 
U.AUtF.RIAnA C .L J .0 ) .~0 O .U C .0 7 .0 U.C v .0 O .G 0 .0 0.0 0 .0 
C.CUi.yAia C . : 7 . : 0 .v0 G .G C .u G.C 0.0 U .0 0.0 C .0 0 .0 0,0 

- B.SPTVATAC~STAT 7 .7 0 . ") _,-3 ;; G .C~ G./, 0.0 G .O 40 .0 Q.0 0 .0 0.0 0 .1 ----- 
E.TUMIWLI.S C .(. 0 .0 J . . . 0 .': C .u 1) .G 0 .0 0 .0 0 .0 C .0 I . :aO 0 .0 
MARG[nULtnn .N . U .G 0 .0 O . :,C U .c i .C 0 .0 C .O 0 .0 0 .0 Q .C 0 .0 0 .0 
N.ANTILIPRGM ~ .~ 0,0 C . .:C U.0 C .0 0 .C 0 .0 U .v O .G 0 . 0 0.0 0 .^ 
t1 .SPiNATA-1RAh5 , _ 0 .0 .U .O l . .il 0 .0 0 .0 Q .C O .G U .C O .U 1 .41 0 .75 0 .0 
N .dASiIOEA 0.0 C .G J .JO 0 .0 C .V 0 .0 0 .0 0 .0 0 .0 0 .0 0 .0 0 .0 
y.(CF) PRPUCANh 0 .0 , 0 .0 0 .30 0.0 C .G 0 .0 G .0 0 .0 0 .0 0 .0 0 .0 0 .0 

---'--Srl3t'ttAR-Y-----'-- - 9 .4--- - --O . J - O .yO- _ . L.6- C .O . 0.0 -- G .-a - 0.0 - - 0. 1> - ' - P.O --O- Fb,- . . . 0,0 - ---- 
C.(CF)SUBELCdUSA 0 .0 ) .0 0 .J ~ .U 0 .0 0 .0 0 .0 O .C 0 .0 C .0 0 .75 0.0 

. TEPUhlGES SF . 0 .0 O .J J .~ L .0 O. U 0 .0 U .0 0 .0 O .U C .0 0.75 0 .0 
L .SPIRnTP O .L C .0 6 .Q 0 .c C .C 0 .0 U .C 0 .0 0 .1) 0 ,C 0.0 n,0 

F 
t 



SF_LLLU 1Cl~LA MTGn DLKS(TaLS-3.l .N .5TUDY 

VtNSIIIE~(Y~S./CU .N .l~SNklh~~lb~5 

- FOFAMIIVSTEFA-SPCCY~'S~CYVtS'- -- - - - - - - 

SPECIES NAMt S7aT1LN lUMt--R AND T,4An :CC7 

2-I j-I 1-lI 

iL..(~F) ANC N~FTA O .C C .G C . C, 

GaTENECtiS --_ . .-0 .0 - -0 .Ef - - OsO-- U .U 

b.hAICCNEASIa 0.0 d .22 G .C6 C .0 

G .RUtLR 0 .3 0 .0 0 .79 0 .0 

G .PFCrtYGEkNA 0 .0 0 .0 G .0 0 .0 
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P.FLfL e N ' ~.1,~ .. .~~ - - .vu U.u 0,0 ,, J .U U .J J .bU J .J 0,0 
P" fG°-(.U!er 7 _ C- U .J ~ . . . U . J ~,J O, U U,0 U .0 U . ') J,0 3 .0 O .O 

C .FLU- ID?emu; C, . . u.U U,u v ,L; U.U U .U U,U O .J u,0 J.0 0 .0 

F,CCM,'-«°S ". J . .i o.~~ ~,j v�, J,u J. C., u .0 U .J U.u u .U J.O O .n 
SAP AC ~"P, A r* cF . . U .u v .0 ~ .O c . .. U .J 0.0 0 .0 U .J O .U U .0 0 .0 ~ .b0 

L .SFitPTe p .v C .(; j ." U.u u .U 0.0 0 .0 u .U 3.3 . U .U J .U 2 . F0 

O.CEL C'P .1 C ., U .G ~ .J U .u U .U U. O U .7U U .u U.v J .0 0.0 0 .0 

T.JAMAICF~S IZ, O .u U .J ~ .J J . u U .O U.U U .G v .0 J.J U .J J .U 0 .0 

T .JAMA1CFn~TS O .v U .U ~ .J v.~ U .u 5. 50 U .J U.J O. v J .C U .J 0 .0 

G.a-QUA U .u U .U .. .U v . c. 0 .u O .J 0,0 1 .00 U.u U .U 0 .0 0 .0 



APPENDIX G 

DATA FROM NISKIN (DISCRETE DEPTH) SAMPLING 

Explanation : 

The Niskin samples are listed serially (1-135) down the left hand side 
of each page . 

Numbers corresponding to the microplankton groups counted are listed 
serially, left to right, above each column of data entries for 
samples 1-135 . (The key to the microplankton groups is presented 
on the following page .) Example : Column 1 for samples 1-135 
represents the counts of centric solitary diatoms present in each 
sample . 

The data entries represent the percent abundance of a given group for 
a given sample (0 .12 = 12% of 100 organisms counted for that sample) . 

Next to each sample number is a sample label code . Interpretation 
of the label code is as follows : 

Number 1 1/IVBCN12101115 = 

1/IV - Station and Transect 
8CN -Sample Code 
12 -Month of Sample Collection 
10 -Day of Sample Collection 
1115 - Time of Sample Collection 

In some cases, the last column has depth interval information : 
(p or pz = photic zone, 5 or .5 = 1/2 photic zone, P-B = 1/2 
between base of photic zone and bottom and B = bottom) . 

* = denotes samples in which individual cell was counted as a single 
colonial centric diatom; in all others, the entire colony was 
counted as a single colonial centric diatom ( to convert the 
individual cell count to the colonial count divide the cell count 
by 5) . 



KEY TO MICROPLANKTON GROUPS 

NUMBER OF GROUPS 60 
NuwHER OF CHARACTERS 60 
NUMBER OF SAMPLES 90 

VARIABLE fORMAT 

OUTPUT FORMAT 

VARIABLES IN GROUP 
GEH SOL DIATOMS 
CEN COL DIATOMS 
PEN SOL DIATOMS 
PEN COL DIATOMS 
PERIOINtUM 
GGNYAULAX 
OINOPHY515 
CEkATIUN 
NUCiILUGA 
DINOfLAGELLATES 
SIL(GOFLAGELLATE 
EHfII OI ANS 
TAICHOUESMIUM 
COCCUL/THOPMORE$ 
SFUNELLARI AFIS 
NASSEILAqlANS 
ACANTNANIAN5 
PNAEOUARIANS 
bEN FORwMS 
PLANK FpfiAMS 
TINiINN(US 
CILIATA 
EGGS 
COELENTERATES 
S IP14UNOPMORES 
CTENOPlIOHES 
$ALP l UUL 1 OW111 
SAL1' IGiicOPEURAI 
SHELLED PiEROP00 
NON-SktELIED PTER 
C HAE TUGdAT FtS 
NOLUP POLYC+IAETE 
ME "20P 1'OLYCF1AEtE 
FUPHGUSIGS 
$MH(MN 
MYSIIJS 
~MY51D STAGE-
A MPH I PODS 
1r'OP005 
CUF1aCEANS 
CAL CUPEPUUS 
MIRpACT CDPEPDO$ 
CYCLOP COPEPODS 
LUCIFER 
NAUPLIAH LARVAE 
NEGALUPS 
2UEA LARVAE 
OSIHACQUS 

DATA C�ECK Of 1973 NISKIN SAMPLES 

(12, " A4 .2X,20FI .2/207( .20F3.2/20X .20F3p2) 

112,1A4v2%#60F4 "21 

"4 CIAUOCERA 1'OWN 
50 CLAOOCEHA EVAONE 
51 ECHINODERM 
52 SNAIL VELIGERS 
53 CLAMS 
S" BRYU20AN5 
55 TROCMOPHOHES 
56 TUNIUTES 
57 DEVELOPING EGGS 
58 F iSli EGGS 
59 JUVENILE FISH 
60 FECAL PELLETS 



NUMOER $Al1'LE MANE L Z 7 . 3 Q T - A Y I Q 

1 1/IvbCN12101113 0.70 0 .01 0,0* 0 .0 0 .02 0 .0 0,0. 0,01 9,01 0 .9 

2 ii11AKMiz1otato 4 .14 0 .12 0 .07 9 .05 0 .01 0 .0 0 .02 9 .0 9 .9 . o "v 
3 l/I1AK012031300o 0,4/ 0.09 0,04 0902 0.0 Oqq 9 .0 002 4914 0 .9 
4 2/111RW7122509 .3 9 " 11 0.39 9 .04 0 .14 0 .0 0 .02 9 .0 0 " 9 0+0 9 " 0 

5 tiii[Arw z4i7oo, 9 .14 0.03 0,0 9 " 01 0 .04 9.03 9 .0 0 .01 919 9 .9 
6 l/lliAi5lit1Q1700 0 .42 0.06 9 .01 0 .0. 0 .0 9 .9 000 0 .0 9 .Q 0 .0 

7 3/IIlA2Rl2231113 000 0.40 0 .03 0 .1t 0 .01 0+0 0 .0 0 .02 Q .9 0 .0 

0 3/IIAOPJ22312009 0 .04 0,23 0 .06 0 .09 0.9 0-0 0 .0 . 0 .02 0t0 9r9 

9 3/llA0N12I012 .3 0 .09 0 .14 0 .04 0 .16 0 .01 0 .0 0 .9 0,02 0.0 0 .0 

10 3/1IAZN12101113 0 .10 0 .32 0 .03 0 .31 0 .0 0 .0 0 .0 0 .0 090 0 .0 

It 2/111AWH12100945 0 .07 0-35 0 .03 0 .36 0 " 01 0 .9 0 .0 0 .01 94 0 .0 

12 l/tAnA1210090q 0 .32 0.1 . 0 .0 . 0 .08 0 .02 0 .0 0 .4) 0 .01 0 .0 0,0 

13 1/IAG212030900 .3 0 .33 0 .19 0 .02 0 .0S 9 .0 0 .02 0 .07 0 .0 . 0 .0, goo! 

1 . 2/IAEL12101739 0 .10 0,03 0 .11 0 .15 0 .0 0 .0 0 .0 0 .0 0 .9 0 .9 

15 2/1AE012031043 .!$ 0 .09 0 .23 0 .07 0 .12 0 .0 0 .0 0 .01 0 .01 0 .01 Q .9 

1e 3ilAb[12251500 .5 0 .08 0 .09 0 .09 0 .12 0 .0 0 .0 9 .0 0 .0 0 .9 0 .0 

l7 3/ M9Y12101000 0 .09 0 .42 0 " 03 0.11 0 .01 0 .0 0,0 0 .9 0.9 0 .0 

18 3iIClU4101910 0 .19 0 .0 0 .01 0 .02 0 .02 q .02 Q .0 0 .04 0 .0 0.04 

19 3/1VFM49Y211OOB 0.06 0 .0 0 .35 9 .02 0 .0 Q .0 0 .9 0,01 9.0 y .0 

20 3ilYFME97710 .ON.. 0 .01 0,0 0 .16 0 .13 9 .0 9 .0 0 .0 0 .07 9 .0 0.0 

21 3i1vFNA9311114 .4 0 .46 0 .0 p .10 0 .0 0 .07 0 .0 0.0 0,06 0 .0 0 .0 

22 2/1VF1x9171723 .0 0.29 0 .02 0 .11 0 .01 o .0 0 .02 0 .0 0 .07 Q .0 9 .0 

21 1/1VtFVy130930 .3 0 .3. 0 .0 0 .08 0 .09 0 .01 0 .0/ 0,0 0 .04 0 .0 V " 0 

24 1 /11 tErO4j091543, 0 .25 0,21 0.03 0 . Oil 0.01 0 .4 0 .0 0 .0 0 .0 9 

25 3/1 YFMC51621145P1 9 .11 0 .03 0.10 Y .04 0 .03 Q .0 0 .0 0 .06 goo 0 .0 

20 3i11ESL910510400 9t/4 0 .0 0.03 0 .0 0 .0 0 .0 0 .0 0 .9 0 .9 0 .0 

ak 27 3/I "E511VSNI04OP1 0 .20 0 .03 0.02 0 .0 0 .04 0 .0 0.0 0 .06 0 .0 ,0 .02 

20 7/1IESP92910.0 .3 g .03 0 .0 0.05 0 .0 0 .0 0 .0 0 .9 9 .06 0 .0 0 .0 

29 2/IIIE1PY24tMJ3 . 0 .0¢ 0 .0 0 .02 0 .0! 0 " G 0 .0 0 .0 0.02 O .Q af0 

30 7/~IC5~Vq1lo1GN+ 0 .11 0 "0 0.03 C "03 V " 01 9.0 9.0 9 "01 0 .9 0 " 9 



71 3/11ESD9104049 9.20 090 0 .04 0 .9 0.9 0 .0 0 .9 Q9Q9 999 9!01 

3; 3/111FCE992l652P 0 .13 0 .0 Q .0 . 0 .10 0 .9 9 " 9 0 .0 4 .01 990 0,9 

A4 77 3/111 FCC9561002P 0 .16 9 .10 0 .93 0.9 0 .47 909 O " Q 0 .00 QqQ 9102 

3. 3/IIIFCG9y;t052Q 

' 

9915 0 .0 0 .02 019 Q " 9 0 " 0 po0 0 .0j 9t0 9 .4 

73 7I111FGA9291032 . 010 0 .02 9#03 0 .0 0 .0 0.0 0 " 9 0 " 09 Q " Q 019 

36 7/111FUT9101052 9.00 0 .0 0.91 0 .0 0 .0 0 .01 0 .02 0 .20, 9 " 0 9 .0 

77 2/l1EPHYt3t " d0.0 9 .16 0 .0 0.03 0 .0 4 .09 0 .0 0 .0 0 .18 0#0 900 

30 1 /1 IE14G9111 341 .5 0 .42 0 .02 U.07 0 .03 0 .0 0 .0 0 .0 Q902 000 9qq 

~ 39 !/IEJN6134170Dq 0.16 0 .03 0 .02 0 .03 0 .0 0 .0 0.0 0, 01; 0 .0 9 " 9 

* 40 3/IfJii9321700PZ 0 .05 0 .00 0 .01 0 .0 0.04 0 .03 0+0 0.07 9 .9 0,01 

41 3/lEtWdz61700 .4 0 .09 0 .0 0 .0 0 .0. 0,0 0 .0 0 .0 9.06 0 .0 9.0 

42 3ile1u0101700 0 .10 0 .0 0 .02 0 .0 0 .02 9 .02 0 .0 0.17 9tQ 9 " 

+3 21icr3e201e20 .5 9 .0 0 .0 0 .02 0 .0 0.0 9 .0 0 .0 0 .07 9 .4 0.0 

44 tiIecout61919 .5 0 .3e 0 .04 0 .10 0.0e 0 .0 9 .0 0 .02 0 .02 0 .9 0.0 

4* J/IEJLn93110CP-d 0 .30 q .0 0 .0 0 .02 0 .0 0 .02 0 .0 9 .10 0 .0 9 .06 

10 3/1710CG3691200p 0 .10 0 .9 0.10 0 .20 0 .0 0 .0 0 .0 0 .07 Q#Q 9 " 0 

q? 3i911oNH33e1200P 0 .10 o .o 0.06 0 .23 0 .0 0 .0 0 .0 9 .1e 0 .0 0 .0 
46 3/IIl4CA3191200 . 0,10 0 .0 0.03 0 .14 0 .02 0 .02 0 .0 0 .19 9 .0 0 .0 

49 3i111"YS101200 0 .20 0 .0 4.02 0 .20 0.01 000 0.0 0 .13 4 .0 0 " 0 

50 3 .1ltC3J51201715B 0 .00 0 .0 0.13 0 .11 0 .0 0 .0 0.0 0.0,1 0 .0 0,0 

51 7/1tCSHe7tt715P- 0 " 17 0 .0 0 .03 0 .34 0.0 0 .01 0.0 0 .01 0 .0 0,91 

02 3/11CSf31Z1715.6 Y .11 0 .27 0 .07 0 .0 0 .01 0 .0 0 .0 0 .13 0 .0 0.0 

37 3/1ICSU5101715 0 " 17 0 .0 0 .04 0.19 0.02 0 .0 0.0 0 .12 0 .0 0 .0 

*4 1 /I110903001 700 . 9 .05 0 .0 . 0 .02 0 " 11 0 .0 0 .4 0 .0 0 .0 0 .9 0.0 

55 3I1110CES1001200 0.16 0 .05 0 .14 0.0 0 .0 0 .0 0 .0 0 " 9 9 "0 4 " 

II6 3/IVULV493 1015H 0 .27 0 .02 0 .03 0 .08 0 .0 0 .01 0,0 0 .01 0 .0 0.0 

57 !/IVULT433101bP- 0 " 19 0 .0 0 .02 0.OC 0.0 0 .0 0 .0 0 .04 0 .0 0 .0 

5e 3i1VDNT4l91O15P2 0 .15 0 .0 0 .03 4 .22 0 .04 0 .0 0 .0 0 .01 0,0 0 .02 

59 3/1VULR4171013.6 O .td 0 .02 0.17 0 .06 0 .02 0 .06 0*0 0 .14 0 "0 0 .0 

7t 6 0 7/IVOLP4101015 0 .15 0 .03 0 .0 . 0 .16 0.09 0 .0 0.03 0,06 0 .0 9 .91 



41 g/lICP641s{OlO.S 9917 pros 0 .09 0.20 Peg 099 V+4 ._ - .P+ Q ._ 9pp 0.9 

e2 1~11 cNC4038925 .0 0 .34 0 .0 9 .03 0.46 9 .qs 9 .02 9 .0 0 .44 Q*9 9*9 

0> >/ tu N4 t jot p.300 0 .44 0 .04 0.04 9.04 4 " 0 9.9 4 .0 4 "9 9 " 0 9 "0 

64 lilu L " 901y3OP-6 0 .10 0 .0e 0 " 11 0.21 0 " 0 9 " 0 9 " 0 0,9/ 90 9.9 

e5 3i1 ciw4as1930 .4 0.20 0 .9 9 .12 0 .07 0 .0 a.91 0 .01 __ _ .9 "0e 9 " 0 900 
6e 4/1cr44201345.5 0.04 9 .02 0.1 0 0 .02 0 .0 0 .0 4 .9 0 "9 P*9 P " 0 

67 Iitccu40i~1730 .5 0 .34 0 .04 0 .0j 0 .26 0 .92 9 .9 0 .0 0 .0 9 " 9 o " 9 

68 2/1VOlN5111025 .5 0 .27 0 .22 0 .01 0 .16 0.01 0 .01 0 .01 0,03 0,9 9 .0 

69 7/IVd0Rj30l.120 .* 0 .90 0 .16 906 0.01 0 .0 0 .01 0 .4 9 .07 _ 0 "0 0 .0 

70 2/1VnFP13e9310.0 0,14 0 .19 9 " 0 0 .0 0.0 0,0 0.0 0 " 0 9 " 9 plP 

71 Ii1vec"071000 .0 9 .0a 0 .0 0 .0 0 .0 0.02 p .0 0 .02 0 .11 9 .4 0,0 
72 3i11nK014151043P p .18 0 .0 0 .06 0 .0 ; 0,0 0 .09 0 .9 0 .9 O,Q 0-0 

77 7/ U dKd1991045Pj 0 .79 O .OT 0 .07 p .22 9 .0 0 .0 Or0 0q0 9 .9 009 

iIr 7 . 3ilbJK1109{330H- 0 .21 0 .02 0 .22 0 .13 0.01 0 .0 0 .0 000 0 .9 0 " Q 

9E 73 3/IHIP1911330NZ 0 .40 0 .05 0.09 O .p9 0,0 9 .9 900 0 .91 Q " 0 900 

76 2i11ANN1161745.5 0 .72 0 .03 0 .0 0 .03 0.01 0 .9 0.01 0 .0 0 .0 9 .0 

77 Z/11ANL1101745 0 .09 0 .11 9 .01 0 .04 0.01 0 .9 0t0 001 9 " 9 0 .0 

70 1/IVOPN3141533.5 0 .13 0 .0 0 .09 0 .2d 0 .03 9 .04 0.0. 0 .10 0 .9 O .Q 

79 2/111CZP5231645, 0.j5 0 .0 0.12 0 .09 9 .02 0 .01 Q " 04 0 .11 9 .0 9.0 

60 7/IVdUPilOt120 0 .37 0 .0 0 .0 0 .01 0 .01 0.0 0 .02 0.06 0 .9 9 .0 

19 81 1/11CMA4101025 9 .l4 0 .04 0.11 0 .62 0 .01 0 .0 0 .0 0 .0 9 " 0 0 "9 

82 1/IVOFL5101533 0 .17 0 .06 9 .24 0 .46 0.0 0,0 0 .0 0 .03 9 .0 0 .0 

87 2/IVUFNl101710 0 .22 0 .02 0 .07 0 .0 0 .0 0 .0 0 .0 0 .05 4 .9 0 "9 

8 . 2/IICPE4101010 0 " 17 0 .0 0 .0 0 .76 0 .0 0.0 0 .0 0 .0 0 .0 O .p 

85 2/iVU(L5101025 0 .44 0 .0 0 .07 0 .63 0 .0 0 .0 0 .0 0 .07 0 .03 G "0 

86 3/IVFLY9101143 0 .13 0 .0 0 .06 0 .02 0.0 0 .0 0,02 006 0 .0 0 .04 

E7 1/lCCM110j790 0 .07 0 .0 0 .02 0 .9 . 0.0 0 .0 0 .0 0 .0 4 " Q 0 .0 

88 2/ICFU4101345 0 .07 0 .02 0 .11 0 .07 0.0 0 .0 0 .4 0 " 94 p .9 0 .0 

81) 1/IECNb1U1919 0 .19 0 .16 0 .05 0 .23 0 .0 0 .0 9 .0 0,0 0 .0 0 .0 

90 l/111Eruv101543 9 .41 0 .12 0.03 0.12 0.01 0 .0 0 .02 0 .01 p "Q 0 .0 

91 2ilkFq61Gte2p Q.04 0 .0 0 .09 0007 0 .0 0 .0 0 .0 0 .12 9.0 0 " 9z 

92 2i111 EZ10101e33 0 .14 0 .0 0 .0. 0 .0 0 .0 0,0 0 " 11 0 .09 9 .9 0.0 

93 2/11EPF9101430 : 9,04 0 .0 4 .04 0 .0 o .9 0 .0 0 .02 0 .12 9 .0 0 .0 

9 . 1/11EMAY101311 0V60 000 0 .02 0,02 0 .0 0 .0 0 .0 Q .04 p,q 9 .0 

' 93 1/111Cw03t01700 0 .33 9 .06 0 .01 0 .26 0 .0 0 " 0 9 .0 0 .0 Q " Q 9 " 9 

~ 941 2/1VFIV9101727 0.30 0 .04 0 .03 0.j? 0 .0 0 .0 0.02 0 .01 0 .0 4 .0 

97 1/IvFF79100930 4 .23 0 .0 0 .07 0 .02 9 .0 0 .9 9 .0 Q .0 9 .0 0.0 

96 2/IICZN5101890 q .15 0 .0 0 .07 0 .24 0 .0 0 .0 0.0 0 .04 0 .0 0 .0 



NUMBER SAMPLE NAME i1 12 13 l " IS le t7 !A IV 20 

t iilvacH12101115 0 .0 0 .0 0 .0 0.0 0,01 0 .0 0 .0 0 .0 0 .9 q,o 
2 1/IIAKw12101410 0 .01 O .Q 0 .0 0.0 0 .0 0 .9 909l 0,0 0,01 0.0 

3, 1/1IAKUI2091300 . 0 .0 0 .0 p .0 0.4 0.0 9 .0 0 .0 4 .0 0 .0 0.0 

2i11iAisrI2250945 0 .01 0 .0 0 .24 0 .0 0.0 0 .0 o .pl 9 .0 0 .0 0.0 
5 ti11iAIu1z4i7oo . 0 .0 0 .0 0 .0 0 .0 0 .0 0 .0 q .94 0.0 0 .01 0 .01 
6 9i111 Ais& 2401 700 0 .0 0 .0 0 .0 0 .0 0 .0 0 .0 0 .0 0 .0 9 .0 0.0 

3i111AzRi=259115 0 .02 0 .0 0 .0 0 .0 0 .0 0 .0 0,05 0 .0 A~4 4 .02 
8 7/11A4Y12251200 . 0.4 0 .0 0 .01 0 .0 0 .0 0 " 0 0 " 06 0 .0 D .0 9.01 
9 7/1 iA41n12101243 0.01 0 .0 0 .0 0.0 0.0 0 .0 0 .07 0 " 9 0 .0~ 0,9 

90 4/IlAIP12101110 0 .0 0 .0 0 .0 9 .0 0 .0 0 .0 0,01 0 .0 0,0 Q.0 

11 2/111AWR12100V45 9 .0 0 .0 0 .02 0 .0 0 .0 0.0 0.0. 0.0 9 .01 9 .0 

12 l/IAnA12100900 9 .0 0,0 0 .0 0 .0 0.0 0 .0 0 .01 0 .0 9 .02 0 .0 

13 I/lAGZ12030900 .5 0 .0 0 .0 0 .0 0 .0 0 .0 0 .0 0 .0 0.0 0 .9 0 .0 

1 . 2/IAEL12101730 0.0 0 .0 0.0 0 .0 0 .02 0.0 0 .07 0.0 Q .O# 0 .01 

15 2/IAE01205104y.3 0 .0 0 .0 0 .01 0 .0 0 .0 0 .0 0 .07 0 .0 0 .01 0 .0 

16 3ilAbl1e261500 .3 0 .01 0 .0 0 .0 0 .0 0 .0 0 .0 0 .0 0 .0 9 .0 0 .0 

17 3/IABY12101500 0,0 0 .0 9.01 0 .0 0.0 0 .0 0 .02 0.0 9 .9 0 .0 

18 3i1Ctu4101930 0 .0 0 .0 0 .10 0 .0 0 .0 0 .0 0 .0 0 .0 0,0 0,01 

19 3/lvFMG992115Od 0 .0 0 .0 0.0 0 .0 0 .01 0 .0 0 " 9 0 .9 9 .q 0*0 

20 7/IVpNE97710.0P- 0 .0 0 .0 0 .0 0 .0 0 .0 0 .0 0 .0 0 .0 0 .01 0 .0 

21 3/tVFMA9311143,5 0.0 0 .0 0.0 0 .0 0 .01 p .0 0 .04 0 .0 0 .0 0 .0 

22 2i1 VFIX9131,(23 .5 9 "0 9 .0 0.0 0 .0 0 .0 0 .0 0 .0 000 9 .9 9 .0 

23 l/1VFFV91309J0 .d 0.0 0,0 0.0 0.0 0.0 0 .0 0,0 0 .0 P .Q 0.0 

24 1/111EWU9091545, 0 .0 0 .0 0 .0 0 .0 0 .0 0 .0 0 .0 0 .0 Q,0 9.9 

4 25 

' 

3/1 vFMC9621145P2 0 .0 0 .0 0.03 0 .0 0 .0t 0 .0 0 .07 0 .0 0 .0 0 .0 

26 3/1 IESL910910400 0.0 0 .0 0 .0 0 .0 0 .0 O .p 0 .0 0 .0 0,0 0.0 

27 3/11E514951J10 .ON2 0 .0 0 .0 0 .01 0 .0 0.0 0 .0 0 .01 0 .0 0 .0 0.0 

213 7/1 (ESpyY910.0 .0 0 .0 0 .0 0 .0 0 .0 0 .0 0 .0 0 .0 0 .0 0 .0 0 .01 

29 2i1lIe2P9t61673 . 9.0 0 .0 0 .0 9 .0 0 .0 0 .0 U .0 9 " 0 9f0 0.0 

30 3/IIESilo CII040w p .U 0 .0 0 .04 

-- 

0 .0 

- 

0 .01 0 .9 0 .01 0.9 0 "0 0.0 



31 34F 1 les094 01040 0.0 0.0 9.91 000 Op 0 .9 990 0-9 9 .9 Q-91 

32 3/111FCE9921652P 0,q 090 0 .01 0 .0 0 .0 9 .0 0,0 0 .0 9 .9 9.9 

~ 33 3.ftJ1FCC9ae1o*zN 0 .0 0 .0 0 .03 0 .9 9 .0 9 .94 9" 0 o*o 9 .9 9 .91 
3. 7/IIiFCG9921652Ip 0.02 0 .0 9 " 0 0 .0 0 .09 6 .9 O .Q 0,0 9f0 9.0 

30 3/111FCA92101402 . Q~4 0 .0 0 .0 0e0 002 000 9 .0 0 .0 9 .9 Q~O~ 

3G 3/IIIFnY9401052 9t0 0 .0 9 .05 0 .0 0 .0 0 .0 0 .01 0 .0 0 .9 0.01 

37 2/11EP1192y1 N 0 .5 0,0 0 .0 0 .0 0 .0 0 .01 0 .0 0 .0 0 .0 0 "9 

79 1/IIEMC9ll1344.5 0 .0 0 .0 9 .01 0 .0 0 .0 0 "0 0s0 0.0 9 .0 9 "0 

~ 39 7//EJN817.17080 0 .01 0 .0 0 .02 O .Q 0 .0 0 .0 0 .0 9 "0 0 " P 9 "9 

~ 40 7/IeJne5217oePZ 0 .0 0 .01 9 .01 0 " 0 0 .0 0,0 0 .9 0 .0 0.9 0 " 0 

41 3/IEIw0201708 .0 0 .01 0.0 0.0 0 .0 0 .02 0 .0 0 .0 0 .4 0 .0 9001 

42 3/lEtunlOIIoB 0 .0 0 .0 0 .16 0 .0 0 " 94 0 .0 0,0 0.0 9H9 0 .04 

43 2/IEFSC201920 .4 0 .9 0 .0 0.0 0 .0 0 .02 0 .9 0,0 0 .0 9 " 01 9 " 91 

44 IileGOn141919 .5 0 .0 0 .0 0 "0 0 .0 0 .01 0 .0 9.0 0,0 0" p 0 .0 

45 3/IEJLb97170dP-H 0 .0 0 .0 0.01 0 .0 0 .0 0 .0 0 .0 0 .0 9 .0 0 .01 

40 3/1110CC5691200P 0 .0 0 .0 0 .0 9 .0 0 .0 9 .01 0 .01 0 .0 0*0 Q .01 

47 7/111DMHS701200P 0 .0 0 .0 0.03 0 .0 0 .0 0 .0 0 .03 0 .0 9 .0 0 .04 

49 3/1110cA5191200 . 0 .0 0 " 0 0 .0 0 .0 0 .0 0 .0 0 .04 0 .0 0 .4 9+p 

49 3/111DdYS101200 0 .0 0 .0 0 .12 0 .0 0 .0 0 .0 0 .0 0 .0 9 .9 9 .02 

50 7/11C5J512017158 0 .0 0 .0 0.07 0 .0 0 .01 0 .0 0 .0 0 .0 0 " 9 0 .0 
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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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