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AESTRACT 

Radiolarian responses to the 1S82-S3 California El Nino 

event were unusually high standing crops of both warm and 

cold water radiolarians, high diversity, and the appearance 

of distinctly central gyre and eastern tropical Pacific 

faunas. These and other observations suggest that 

anomalously strong transport from the west and south 

occurred through at least November 1S53 and that the 

California Current had shifted eastward over the Southern 

California Eorderland. A generic group of radiolarians, the 

s p o n g a s t e r i d s , was used effectively in monitoring these 

water mass influences . 

Radiolarian distributions in 3 • 0 - 3 • 5 Ma 

circuoi-northeastern Pacific sediments indicate a warm North 

Facific at this time. Marked breaks in distributional trends 

off southern Baja California suggest an oceanic frontal zone 

in this area, To the south radiolarian assemblages exhibit a 

distinctly eastern tropical Pacific character. Spongaster 

pentas occurs as far north as Deep Sea Prilling Site 173* 

This suggests periodic breakdowns of this frontal zone (El 

Ninos?) may have occurred. 
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INTRODUCTION 

El Nino is an extremely large scale interannual 

disruption of the tropical Pacific oceanic/atmospheric 

circulatory system. Occurring episodically on the order of 

every 4-2 years, El Nino’s effects are far reaching and at 

times quite costly in terms of the biological, economic, and 

sociological consequences. The effects of the most recent El 

Nino which began in early 1922 and extended into the fall of 

19839 were of greater magnitude and global extent than those 

of any other El Kino event in recorded history (Simon, 1S83i 

Rasmusson, 1 984 )* So great, in fact, that virtually the 

entire worldwide marine and continental climate systems were 

affected to some degree (Cane, 1983)» Marine and terrestrial 

ecosystems throughout the Pacific Ocean basin and its 

coastal environs were significantly affected and in many 

instances, these effects were nothing short of catastrophic 

to the organisms involved, humans included ( Arnst, 1984)* 

One such area significantly affected was the California 

Current region of the northeastern Pacific. 

During the 1982-83 El Nino, the waters off the coast of 

California were characterized by anomalously high sea 

surface temperatures and sea levels as well as an unusually 

thick mixed layer (Simpson, 1 964» Lynn, 1983)* Nutrient 

levels and macroplankton biomass were significantly 

depressed (McGowan, 1984) and numerous species of marine 
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fishes endemic to southern California coastal waters were 

observed to desert the area for more suitable conditions 

offshore and to the north (Dougherty, 1£83)* In addition, 

many species endemic to more southern waters were observed 

to invade the nearshore annd offshore waters of the central 

and southern California region indicating substantial 

alteration of the California Current ecosystem as a whole. 

The unprecedented magnitude of the 1962-83 California El 

Nino presented o c ea n o g r a p he r s with a unique natural 

"experiment” allowing close observation of how the 

California Current system responds to a very large though 

short lived departure from the average state. What changes 

occurred within the California Current system during the 

1982-83 El Nino event and how were they effected by 

circulatory phenomena? These questions are still in the 

process of being answered. 

The 1982-83 event has been of particular interest to the 

marine geologist and pa 1eoceanographer as well. It has 

presented a golden opportunity to observe the effects of 

large scale, short duration climatic episodes on the 

character of biogenic material which might potentially 

become preserved in the sedimentary record. Do California El 

Ninos have the potential to leave a greater or more marked 

imprint on the biogenic sediment record relative to 

intervening normal or "anti El Nino" years? If so, can 

California El Ninos be recognized in the ancient sediment 
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record and further, how long have these phenomena been a 

part of Facific oceanic history? These are important 

questions too for students of Pacific paleoceanography since 

our knowledge of past oceanic climatic conditions is so 

firmly tied to microfossil distributions and their 

pa 1 e o e c o 1 o g i c a 1 interpretation. It is the purpose of this 

work to try to answer at least some of these questions 

through the use of a particularly useful microfossil group, 

the polycystine radiolaria. 

The polycystine radiolaria are an exceptionally diverse 

and geographically widespread group of single celled marine 

zooplankton possessing skeletons composed of amorphous^ or 

opaline silica. Living colonially or as solitary 

individuals, they occupy all of the major marine ecological 

niches; herbivore, bacterivore, detritivore, and carnivore 

(Casey, et al, 1S7Sa). Many are known to enjoy a symbiotic 

relationship with algal zooxanthellae which enables them to 

act essentially as plants as well. They presently inhabit 

all of the world's oceans at all depths and are intimately 

dependent distributionally on hydrographic parameters such 

as temperature, salinity, and nutrient content (Casey, 

1 977)* In many instances they are restricted to specific 

depth ranges, water masses, and biogeographic zones (Casey, 

1971a). As a result, they can be effectively utilized in 

many oceanographic studies, particularly those concerned 

with temporally variable oceanic regions such as the 
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California Current region and the provenance of water masses 

entering into them. 

Polycystine radiolaria represent the longest ranging 

extant zoop1anktonic microfossil group. Their skeletal 

remains are found to occur in marine sediments dating from 

at least the Ordovician period and perhaps older. Most 

importantly, they were apparently just as diverse and 

geographically widespread then as now (Kling, 1578). For 

this reason and those mentioned in the previous paragraph, 

they are potentially one of the most useful microfossil 

groups with regard to paleoceanographic work. Due to 

^relatively recent work in the development of radiolarian 

indices of present and past hydrographic phenomena (Casey, 

et al, 1S7$a, b, 1581, 1582), detailed investigations of 

variations in paleo-circulation and water mass influences in 

the California Current region have been possible. 

This study has utilized North Pacific radiolarian 

distributions observed during a normal or "anti-El Nino" 

year to investigate radiolarian responses to the 1582-83 

California El Nino. The resultant distributional trends and 

observations were then used to develop a sequential model of 

variations in circulation within the southern portion of the 

California Current system. Although no two El Ninos are 

alike, many observations discussed herein may also be 

utilized effectively in the search for El Ninos in the 

fossil record. A companion study of middle Pliocene age 
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sediments from core samples spanning the entire northeastern 

Pacific margin makes use of these criteria in discussing the 

paleoceanographic situation at that time* Perhaps most 

interestingly, this study provides a number of insights into 

paleoceanographic conditions associated with and perhaps 

prerequisite to the development of El Nino* 
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PREVIOUS INVESTIGATIONS 

Until recent years, most studies of polycystine 

radiolarians were concerned with the description of this 

diverse group of microplankton and the development of 

biostratigraphically useful zonation schemes. Comparatively 

little attention had been paid to biogeographical and depth 

related distributional patterns of radiolarians in the water 

column or the sediments. As a result, their exceptional 

utility in reconstructing paleoceanographic environments 

remained largely undeveloped. 

Ernst Haeckel (1SS7) was responsible for the first 

comprehensive treatment of the polycystine radiolaria. His 

report on the radiolaria collected during the "H.M.S. 

Challenger” expedition of 1873-76, which included sections 

devoted to systematics, anatomy, development, physiology, 

distributions, and was the definitive source of radiolarian 

information for many years. 

Working with both plankton and sediment material, 

Haeckel determined that radiolarians inhabit all of the 

major oceans of the world from pole to equator and from 

surface to abyss. Haeckel was able to recognize many species 

as being endemic to certain bathymetric faunal zones and he 

noted that some geographic variation was apparent as well. 

He also mentioned that many species are known to occur from 

only one locality and suggested that many small local faunas 
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probably have developed in response to the physical 

conditions of a given area. 

Kore recent authors have further refined or augmented 

our knowledge of radiolarian depth distribution (Reshetnyak, 

1S55; Petrushevskaya, 1$66, 1$71a, b; Casey, 1566, 1S71a, b; 

Kling, 1$66, 1976, 1S7S; Renz, 1$76; Spaw, 1$7S)* Similarly, 

our knowledge of radiolarian biogeography has profited from 

more recent studies as well. 

Perhaps the most comprehensive work to date on 

radiolarian distribution is that of Casey, et al (1$62). He 

plotted the world wide distribution of radiolarians 

preserved in Holocene sediments in a hypothetical ocean 

exhibiting the characteristics of the world’s oceans. This 

method was used so as to facilitate use of Recent data in 

extrapolating ancient distributions. Several large scale 

distributional patterns were presented and are summarized 

below. 

Surface warm water species inhabit the shallow waters 

between the subtropical convergences. The polar convergences 

restrict all warm water forms, surface and subsurface, from 

higher latitudes. Conversely, cold water species occur in 

shallow waters poleward of the polar convergence though they 

dive with the intermediate and deep water masses and are 

found in sediments at lower latitudes. Surface warm hater 

forms such as the co11osphaerids and other symbiotic 

radiolarians are enhanced within the anticyclonic gyres and 
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eastern tropical regions. Cold water forms are enhanced 

within the eastern boundary currents, equatorial 

divergences, and other upwelling regions. The western and 

eastern boundary currents extend the ranges of harm and cold 

water species respectively along the continental coastlines. 

Other similar attempts at less broadly based biogeographical 

zonations have been those by Clark (19 6 5 ) » 

Pe tr ushe v ska ya , ( 1 S66 , 1971 b), Nigrini (1$7G), and Casey 

(1971a, b). 

Analogous to the distributional studies of other Pacific 

plankton groups (Brin ton , 1962; Fager and McGowan, 1563; 

McGowan, 1971 )> studies of radiolarian biogeography have 

elucidated an intimate association between distributional 

patterns and the physical and chemical characteristics of 

Pacific water masses. Casey (1571a, b) developed an 

elaborate scheme of biogeographica 1 zones for living 

polycystine radiolarians related to physical and chemical 

oceanographic conditions in the Pacific. Certain 

radiolarians were designated as indicators of specific 

surface and subsurface water masses. Casey suggested that 

these indicators could prove very useful in 

paleoceanographic studies. 

Kling (1966) discussed the distribution of castanellid 

and circoporid radiolarians in the eastern North Pacific. He 

delineated Subarctic, Transitional, Central, and 



Equatorial-Central b i o g e o g r a p h ic zones and related many 

species distributions to the water masses of these regions. 

On a more local scale, Casey (1566), in a study of 

species distribution off southern California, correlated 

radiolarian densities, diversities, and species groups with 

physical hydrographic phenomena occurring on a seasonal 

basis. He observed that much of the seasonal variation 

within the radiolarian population is related to seasonal 

changes in circulation patterns and water mass invasions 

from the subarctic, central, and equatorial regions. Two 

subsequent works have dealt with water masses in local 

oceanic provinces as well. 

Kigrini (1568) examined Recent sediments from the 

Eastern Tropical Pacific in order to determine the utility 

of radiolarian assemblages in distinguishing small scale 

oceanographic boundaries. She concluded that at least some 

species are related to the water masses of the region as 

their distributions were found to describe the spatial 

configuration of the major surface currents in the area. 

McKillen and Casey ( 1 578 ), in a study of plankton and 

sediment material from the Gulf of Mexico and the Caribbean, 

distinguished the water masses of the region on the basis of 

radiolarian assemblage indicators. They also reported the 

existence of a relict faunal assemblage of spongy 

radiolarians, including Spongaster pentas Riedel and 

Sanfilippo, which had presumably been restricted to the Gulf 



of Mexico by the emergence of the Panamanian Isthmus and a 

resulting intensification of the Gulf Stream. This 

apparently created a relatively stable "pocket” environment 

in which this relict fauna was able to remain. 

Several other authors have recognized radiolarian 

b i o g e o g r a p h i c a 1 zonation related to local and regional 

oceanographic phenomena. Plankton studies were done by Kling 

(1977) and Petrushevskaya (1971b). Statistical comparisons 

between sediment material and oceanographic variables have 

been investigated by Sachs (1973)» Renz (1 976), and 

Molina-Cruz (1977a,b). 

The development of our knowledge of radiolarian 

b i o g e o g r a p h i cal relationships to present day oceanographic 

parameters has given us an especially functional tool with 

which to reconstruct oceanic paleo-environments. Casey ,et al 

(1979a and b, 1981, 1 983 ) discussed the designation and 

utility of radiolarians as paleoceanographic indices and 

numerous radiolarian investigations have resulted in 

reconstructions of Pacific paleoceanography during Cenozoic 

time (Hays, 1565, 1S70; Nigrini, 1570; Casey, 1972, I960; 

Casey and Price, 1973; Moore 1973» 1978; Sachs, 1973» 1975; 

Sancetta, 1978; Mullineaux and Westberg-Smith, 1983)* 

Several other studies are of particular importance to this 

work. 

Pisias (1978) developed a model for reconstructing the 

paleoceanography of the California Current for times before 



historical observations. The radiolarian component of Recent 

varved sediments in the Santa Earbara Easin was 

statistically compared to the historical record of sea 

surface temperature and dynamic height anomalies for the 

California Current region. The consequent relationships were 

then combined with faunal analyses of varves dating to SCCO 

years bp. Given these associations, past sea surface 

conditions throughout the California Current region were 

estimated during the entire 6000 yr . time series. As a 

result, Pisias concluded that at times of cold sea surface 

conditions, the flow of the California Current was 

exceptionally strong. Conversely, when warm sea surface 

conditions persisted, there was substantially decreased 

southward transport and enhanced northward flow into the 

Santa Earbara Easin itself. 

Perez-Guzman ( 1 S 6 3 ) 9 in a study of late Miocene 

sections from northern Eaja California to the mouth of the 

Gulf of California, utilized radiolarian biogeographic 

indices in reconstructing the paleoceanography of the area 

at 8 and 10 Ma . Perez-Guzman states that the 10 Ma time 

plane is characterized by high percentages of warm water 

taxa at all locations, particularly those nearshore, and 

that greatest values occur in sections furthest south. She 

feels this reflects a strong influence of eastern tropical 

water on the region and suggests the periodic influence of 

an "El Kino - like" current. 
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Conditions during the 8 Ma time plane were considerably 

different. Perez-Guzman observes a distinct break in faunal 

assemblages between the southernmost sections and those to 

the north. The southern locations are characterized by high 

percentages of warm water taxa whereas northern locations 

exhibit a decidedly cool water fauna. She interprets this 

distribution as reflecting the development of an oceanic 

front off what is now southern Eaja separating eastern 

tropical waters from strong southward flow in the California 

Current. She noted that this was also a time of strong 

upwelling conditions due to significant percentages of 

intermediate and deep water taxa occurring at some 

locations. This could quite possibly have caused the 

observed faunal break to appear more pronounced than it 

truthfully was. 

Wigley ( 1 985 ) > in a reconstruction of the California 

Current System during the Neogene, examined the diversity 

and abundance of radiolarian paleo-environmental indices at 

time planes representing 10, 8 and 5 Ma . She was able to 

recognize variations with time alongshore and perpendicular 

to shore which she related to adjustments in the strength, 

position, and width of southward flow. The 8 and 10 Ka time 

planes appear to reflect a paleo-California Current that was 

closer to shore and narrower than at the 5 Ma time plane. 

North-south trends indicate a fairly sharp break in faunal 

character at 10 and 5 Ma (less apparent at 10 Ka ) off 
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present day southern Eaja California whereas at 8 Ma, a more 

gradual transition is observed. Wig ley points to the 

development of a relatively strong oceanographic front to 

account for the observed faunal break at 5 Ma and suggests 

this front was somewhat less well developed at 10 Ma and 

even less so at 8 Ma • This may reflect changes in the 

strength and extent of southward penetration of the 

California Current or variability in transport of water from 

the Eastern Tropical Pacific or both. 

Romine (in press) defined radiolarian biogeographic 

patterns in the North Pacific at 8 Ma using Q-mode factor 

analysis. Comparing these patterns to the Recent, she 

concluded that sea surface temperatures in the North Pacific 

as a whole were decidedly warmer at 8 Ma. Romine suggests 

that this is an indication of increased volume transport by 

the pa 1 e o - K u r o s h i o Current and ultimately the subtropical 

gyre. Eue to an open Central American Seaway at this time , 

Romine states that transport by the Equatorial 

Countercurrent was much diminished and perhaps even 

nonexistent. This condition resulted in increased poleward 

transport of warm water by the paleo-Kuroshio Current 

relative to the Recent and thus, warmer sea surface 

temperatures for the entire North Pacific. At some time 

later than the 8 Ma time plane, Romine states, 

reorganization of Pacific equatorial circulation occurred to 

produce the situation of today. 
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GENERAL OCEANOGRAPHY OF THE STUDY AREA 

The surface circulation of the Pacific Ocean is 

essentially that of two immense gyrals, counterclockwise or 

anticyclonic in the southern Pacific, clockwise or 

anticyclonic in the northern Pacific, with an equatorial 

current system in between the two (fig* 1). This study is 

primarily concerned with the circulatory features of the 

eastern portion of the northern anticyclonic gyre although, 

as will be discussed, equatorial circulatory phenomena exert 

at times a profound influence on the character of surface 

water in this region. 

Centered at about 45° N, the North Pacific Drift is the 

northern limb of the North Pacific Anticyclonic Gyre (fig. 

1). It is driven by the prevailing westerly winds of the 

region, the "Roaring Forties”, eastward across the reach of 

the high latitude Pacific. Formed at the confluence of the 

Oyashio Current and the northern branch of the Kuroshio 

Current at approx. 15Cf west, it is an extremely broad and 

sluggish transfer of surface waters (the Subarctic Water 

Mass and transitional waters formed by mixing of the 

Subarctic and Central Water Masses of Sverdrup, et al., 

1942). These waters owe their characteristic low temperature 

and salinity, and high oxygen content to prolonged contact 

with cool air and precipitation with little evaporation 

typical of high latitudinal regions. As the North Pacific 
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Figure 1: Generalized surface circulation patterns of the 

Pacific Ocean with currents and convergences indicated as 

follows: C = Oyashio Current, A = Alaska Current, NFC = 

North Pacific Drift, K « Kuroshio Current, CC = California 

Current, NEC = North Equatorial Current, ECC = Equatorial 

Countercurrent, CU = Cromwell Undercurrent, SEC = South 

Equatorial Current, FC = Peru Current, ACC = Antarctic 

Circumpolar Current, STC = Subtropical Convergence 
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Drift nears the coast of North America, the flow bifurcates, 

the northern limb heading into the Gulf of Alaska, and the 

major limb toward the south making up the bulk of the 

California Current System (CCS). 
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The California Current System 

The California Current (fig. 2), exhibits the following 

characteristics typical of eastern boundary currents. It is 

a wide, gentle, shallow, and highly mixed flow recognized by 

low temperatures, low salinity, and a high oxygen content. 

Such characteristics are attributable to its initial 

Subarctic and transitional water sources. It is considered a 

current system in that extensive mixing by lateral and 

vertical advective processes, such as eddy transport and 

coastal and boundary current upwelling, occur on a routine 

basis across its rather diffuse boundaries (Sverdrup, et 

al., 1S42). Thus Subarctic Water entering the CCS 

experiences considerable alteration from admixture with 

adjacent water masses as it travels down the coast. 

Kin'dyushev (1572) describes the current as occurring in 

a band 650 km wide whereas Reid (1565) defines the western 

boundary at a distance 1000 km from the coast. In practice, 

the complexity of flow tends to defy the placing of absolute 

boundaries and other authors (Reid, et al., 1556; Wyrtki, 

1574) consider the current to encompass all equatorward flow 

of the North Pacific Gyre. Regardless, the current need only 

be considered here as a broad meandering band of variable 

flow with distinct regions of maximum southward transfer and 

adjacent regions of lesser and at times even northward 

directed flow 
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Figure 2: Generalized circulation patterns of the California 

Current System 
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Although the greater part of the CCS is composed of 

Subarctic and transitional waters from the North Pacific 

Drift, substantial quantities of other surface water masses 

also become entrained within the system. To the west lie the 

surface waters of the central Pacific (the Central Water 

Kass of Sverdrup, et al,, 1542) which are characteristically 

much higher in temperature and salinity and lower in 

nutrients than Subarctic Water due to their long residence 

time within the confines of the North Pacific Anticyclonic 

Gyre. These oligotrophic waters are routinely advected into 

the CCS; substantially so when southward transport is at a 

minimum. (Hickey, 1S7S) 

To the south are the waters of the Eastern Equatorial 

Pacific which are recognized by even higher temperatures and 

slightly lower salinities than those of the central gyre. A 

weakly defined front (Griffiths, 1568; Cromwell and Reid, 

1556) off the Eaja Peninsula (Figure 2), referred to here as 

the San Lucas Convergence, separates waters of the 

California Current from those of Equatorial origin. The 

lower density water of the California Current overrides the 

more saline southern water at this boundary. Consequently, 

northward incursion of Equatorial Water into the CCS occurs, 

for the most part, at depth ( >1G0m.) by means of the 

poleward flowing California Undercurrent (fig. 2) 

(Sverdrup, et al., 1542). However, a surface transfer of 

southern water, the Davidson Current (Hickey, 1575) (fig* 
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2), often occurs during the fall and winter months much 

farther to the north off Point Conception. The flow of the 

Undercurrent in opposition to the overriding California 

Current allows for extensive mixing at the interface causing 

the development of a layer of transformed 

Equatorial/Subarctic water (Elanton and Patullo, 1370) with 

low oxygen and high phosphate content due to the oxidation 

of organic matter falling from above. When conditions 

favorable for upwelling persist, it is this transitional 

Equatorial water that affects the composition of surface 

water in the CCS rather than unaltered or pristine 

Equatorial water. 

I.n addition to upwelled southern water, subsurface 

levels of Subarctic water and to a lesser degree oxygen and 

nutrient rich North Pacific Intermediate Water (Sverdrup, et 

al., 1S42) are also brought to the surface by means of 

coastal and boundary current upwelling processes. The 

intensity of upwelling as well as the intensity of southward 

transport of the CCS is greatly influenced by the high 

degree of seasonal variability exhibited by the regional 

wind regime. Wind stress is supplemental to the geostrophic 

force component, a response to sloping isopycnals toward the 

Central Pacific Gyre, but of great importance nonetheless 

especially with regard to seasonal periodicity. 

The CCS flows between a high atmospheric pressure cell 

in the northwest Pacific, the North Pacific High, and a low 
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pressure cell centered over the desert regions of southern 

California and Mexico. Curing the spring and summer months, 

the North Pacific High is at its most northerly position and 

the pressure gradient between high and low is most intense 

resulting in a strong and persistent northwesterly wind 

regime. It is at this time that the CCS transports the 

highest proportion of Subarctic Water and upwelling is at a 

peak. There is a northward progression of circulatory 

intensity through time with early spring being the strong 

upwelling season off the Baja Peninsula whereas the 

California Eorderland experiences strong upwelling and 

southward transport during late spring/early summer. The 

region off Cape Mendocino experiences the same during August 

and September (Hickey, 1S7S) and sequentially, a gradual 

moderation in intensification progresses northward in time 

during the late fall and winter months. 

Similarly, the position of maximum southward flow also 

experiences variability seasonally (Wyllie, 1966). Vihen the 

atmospheric pressure gradient is steepest in spring and 

summer, the maximum flow is closest to shore and conversely, 

maximum flow is farthest offshore in late fall and winter 

when the gradient is weakest in intensity. This lateral 

migration of strong flow likewise experiences a northward 

procession in time with corresponding frequency. 

During the fall and winter months, the surface water of 

the CCS experiences the greatest seasonal influence from 
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other water masses on its overall character. At this time, 

the prevailing northwesterly winds of spring and summer, and 

hence strong southerly flow, slacken. In addition, a 

reversal in mean monthly wind stress is reported for the 

central and northern California regions (Hickey, 1979). 

Secondly, the thermal gradient between warm waters of the 

central gyre and the cool Subarctic waters of the strong 

California Current flow relaxes, resulting in the 

enhancement of large scale mixing between the two (Hickey, 

197$)« Thirdly, two avenues for the northerly surface 

transport of southern water develop within the coastal and 

nearshore regions. 

The Southern California Eddy (Schwartslose, 1SÊ3) or the 

Southern California Countercurrent (fig. 2) (Sverdrup and 

Fleming, 1 942 ), a semipermanent cyclonic eddy within the 

Southern California Eight, operates most of the year with 

the exception of spring, when northwesterly winds are 

strongest in the area. An offshoot of the main California 

Current flow, it veers shoreward off the coast of northern 

Eaja, turns northerly over the California Borderland, and 

rejoins the main flow of the California Current out of the 

lee of Point Conception. Normally the eddy cycles water of 

predominantly northern origin over the Eorderland area 

(Jones, 197C) but during the fall and winter it entrains an 

increasing amount of warmer water from the south and west 



(Reid, et al., 1542) which it ultimately feeds into the main 

flow of the California Current. 

The Davidson Current (fig. 2), as mentioned previously, 

is a poleward directed surface current only occurring during 

the fall and winter months (Hickey, 1S7S> Ried, et al, 

1956). The Davidson is for the most part a nearshore flow 

ranging from 5C to 100 km in width which occurs to the north 

of Point Conception. Off Cape Mendocino the Davidson Current 

broadens substantially, moves offshore, and continues 

northward inshore of southward flow. Hickey (1S7$) as well 

as other authors (Reid, et al., 1956) suggests that this may 

be a surface exposure of the California Undercurrent largely 

due to the reversal in nearshore wind stress at this time. 

As a result, fairly pristine waters from the Equatorial 

Pacific are brought to the surface and are available for 

mixing along the margins of the main California Current 

f low . 

In addition to fluctuations in the strength and overall 

complexion of the CCS operating on a seasonal cycle, 

pronounced interannual variation regularly occurs at 

intervals of approximately 4 to 8 years resulting in 

decreased transport in the California Current, the magnitude 

of the signal being as great or greater than that produced 

annually. Chelton, Bernal, and McGowan (1962), using a 

thirty year time series of physical and biological 

oceanographic data from the California Cooperative Oceanic 



Fisheries Investigations (CalCCFl), relate much of this 

observed variability to a particular catastrophic phenomenon 

unique to the Pacific Ocean (Cane, 1S&3). Long known to the 

fishermen of the South American coast as El Corriente del 

Nino, the current of The Child, perhaps because of its 

occurrence around Christmas time, this pan-Pacific event is 

related to large scale perturbations of the ocean/atmosphere 

circulation system in the Equatorial Pacific, 
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El Kino - Southern Oscillation Phenomenon 

Surface circulation in the Equatorial Facific, 

summarized in figure 1, is chiefly a westward transfer of 

water effected by the driving force of the tradewinds on the 

eastern and equatorial portions of the anticyclonic gyres: 

the California and North Equatorial Currents (NEC) and the 

Peru and South Equatorial Currents (SEC) respectively. 

Between the two gyres, the Equatorial Countercurrent, and at 

depth beneath the SEC, the Equatorial Undercurrent (Cromwell 

Undercurrent), bring water eastward to alleviate, in part, 

the immense pileup of water at the western margin of the 

Pacific basin. As a result of the configuration of the 

Central and South American land masses, a large pocket of 

high temperature, low salinity water in the Eastern 

Equatorial Pacific, has developed in isolation from the 

gyral circulation affecting the rest of the Pacific, 

Consequently, this area receives the bulk of its water from 

the Equatorial Countercurrent and Undercurrent; and, of 

particular importance to the surface waters, water from 

coastal runoff (Wyrtki, 1266), 

Atmospheric circulation in the Equatorial Pacific is 

primarily that of the highly idealized Walker Circulation 

proposed by Bjerknes (1262) which results from the normal 

decreasing pressure and increasing thermal gradients between 

the east and west Facific, Initially, dry air slowly sinks 
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over the generally cool waters of the eastern Pacific. It 

progressively warms and picks up moisture as it flows across 

the equatorial regions as part of the tradewind system and 

eventually rises over the large pool of warm water in the 

western Pacific, condensing moisture as it cools. Return 

flow to the east in the upper atmosphere ultimately 

completes the cycle. 

Every few years, anomalous disruptions of this idealized 

two dimensional circulation scheme occur, resulting in a 

see-saw of the thermal and pressure gradients between 

eastern and western Pacific. The terms Southern Oscillation 

(Walker, 1$24), and later El Kino - Southern Oscillation 

(ENSC) (Ejerknes, 1956) used to describe the phenomenon, 

refer to a predominantly southern Pacific event as this is 

the region in which the effects of ENSC are particularly 

catastrophic. Eut Ejerknes and more recently Wyrtki (1973)» 

Rasmusson and Wallace (1SS3)> and others have pointed out 

that the ENSC phenomenon is responsible for anomalous 

weather and oceanographic patterns on a global scale and 

particularly with regard to this study, for anomalous events 

in the North Pacific. 

The difference in sea level atmospheric pressure between 

Tahiti, under the influence of the southeast Pacific 

subtropical high, and Earwin, Australia, under the influence 

of the Indonesian equatorial low, is commonly used as an 

index of the Southern Oscillation. Proceeding an ENSC event, 
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the Tahiti minus Darwin pressure difference typically holds 

at increased levels from the monthly mean for approximately 

1-2 years. As a consequence, unusually strong easterly 

tradewinds blow persistently across the Pacific during this 

time resulting in extremely elevated sea levels in the 

western Pacific (Wyrtki, 1 S 7 S ) • The thermocline becomes 

depressed in the western Pacific and shoals in the east, 

average sea surface temperature is somewhat warmer than 

normal to the west, and there is a steeper gradient toward 

cooler than normal temperatures to the east. 

At some point, the unusually large pileup of water in 

the western Facific ultimately lends itself to an increase 

in the transport of the Equatorial Countercurrent (W>rt*ci, 

1973) and hence, a trend towards accumulation of warm water 

in the eastern equatorial Pacific. This has the effect of 

dampening the strong thermal and pressure gradient driving 

enhanced Walker Circulation and the tradewinds begin to 

relax. This usually occurs during the northern hemisphere 

fall of the year proceeding an El Kino. At this juncture 

there no longer is a strong restraining force on the warm 

water pileup in the western Pacific and the bulk of this 

enormous body of water tends to "backslosh" eastward in the 

form of an internal seiche or Kelvin Wave as well as an 

intensification of the overall transport of the Equatorial 

Countercurrent and Undercurrent (Wyrtki, 1976). Ey December 

and January, a thick blanket of warm water off the Central 
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and South American coast accumulates and another El Nino 

begins. 

Anomalous conditions typically begin to peak during 

April, Kay, or June (Cane, 1983 ) with elevated sea levels, 

depression of the normally shallow thermocline, upwelling of 

only nutrient poor waters, and near total destruction of the 

food chain (Arntz, 1984)» The tradewinds are also observed 

to be extremely variable. At times they may even blow from 

the west further compounding the situation as the weakened 

North and South Equatorial Currents fail to draw the warm 

mass westward allowing it to further absorb heat from the 

sun (Toole , 1984 )• 

Ey July, August, and September, the overload of warm 

water in the Eastern Equatorial Facific is partly relieved 

by northward and southward coastal outflow as evidenced by 

elevated sea surface temperatures and sea levels off 

California associated with an intensified California 

Countercurrent (Ereaker, Lewis, and Crav, 1984) and strong 

poleward flow along the South American coast (Wyrtki, 1S7S)* 

Eut additional evidence for the process or processes 

involved in the final breakdown of an ENSO event is for the 

most part unknown and it is presumed that ENSO conditions 

prevail until equilibrium pressures exerted by global 

atmosphere dynamics override them (Wyrtki, 1S7S). 

Kore often than not, the history of any particular El 

Nino does not conform exactly to the composite sequence of 



events presented above. The 1Ç62-S3 El Kino is a case in 

point. Turing the preceeding year before the onset of 

1982-83 El Kino conditions in the eastern Pacific, unusually 

strong tradewinds failed to occur. Weakening and eventual 

reversal of the trades in June, 1982 was rather abrupt and 

occurred earlier than the normal fall slackening (Harrison 

and Cane, 1984)* Substantial sea surface warming appeared in 

the eastern Pacific in August. Ey December, there was a 4° C 

plus sea surface temperature anomaly over most of the 

Eastern Tropical Pacific, elevated sea levels throughout the 

region, and the thermocline depth had doubled in nearshore 

areas (Cane, 1983)* This was well ahead of and of much 

greater magnitude than the typical peak in El Kino 

conditions during April, Kay, or June. The accumulation of 

water was so out of the ordinary that the Equatorial 

Undercurrent was observed to virtually disappear for the 

entire month of January, 1 983 (Hisard and Henin, 1964). 

Without a doubt, "This Kino was the grandaddy of them all” 

(Sorenson, 1983)! 
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El Nino Gringo * 

As mentioned previously, during a typical ENSO event, 

the accumulation of water in the Eastern Tropical Facific is 

partly relieved by nearshore flow to the north and south. 

The 1982-83 El Nino was no exception. Lynn (1SS3 ) reported 

the occurrence, during February and March of 1983» of 

anomalously high steric heights (i.e. sea levels) along the 

coast of California and Eaja California. These observations 

were the highest ever recorded during that particular season 

in the entire history of the CalCOFI investigations. The 

anomalous inshore steric height was reported to be 

commensurate with unusually high sea surface temperature 

(1-2° > 30 yr. mean), pronounced subsurface warming (3-4° > 

30 yr. mean), a thickened mixed layer, and enhanced poleward 

flow in the California Countercurrent. All indications 

showed that a major Californian El Nino, or El Nino Gringo, 

was in progress (Simpson, 1983)* 

Freeland and Giovando (1984)» reported initial warming 

of sea surface temperature as far north as Eritish Columbia 

during December, 1982 peaking in April and May of the 

following year. This suggests the possibility of enhanced 

transport via the Davidson Current during this time as well 

as a lengthening of the actual time the Davidson Current may 

have been in operation. Simpson (1983) observed that the 

deviation between March, 1963 and the long term temperature 



- salinity relations along CalCCFI line SO decreases with 

depth. He suggested that this was an indication that 

anomalous conditions in the CCS are largely a consequence of 

variation in the California Current and California 

Countercurrent rather than variation within the deeper 

California Undercurrent. Further examination of the T-S 

diagram for CalCOFI station 90.53 published by Simpson 

(1ÇS3) shows lower than normal salinity at depth. This may 

indicate the presence of southern water altered by the 

increased rainfall experienced by the Eastern Tropical 

Pacific during El Kino, or an increased presence of 

Intermediate water from the north. In his model of the 

1982-83 El Kino Gringo, Simpson (1984) likens its 

development to the typical seasonal cycle experienced by the 

CCS where prevailing conditions during El Nino years are 

similar to those of the Californian winter but occur more 

abruptly and are of greater magnitude and duration. 

Curing the fall of 1932, a weakening and lateral 

displacement of the North Pacific pressure high occurred 

moving it offshore and southward from its mean annual 

location. The continental low over southern California was 

also displaced offshore and was supplanted by a high 

pressure cell. At this point, the maximum in flow of the 

California Current was observed to move offshore and, in 

readjustment to the geostrophic balance, greatly enhanced 

poleward flow of the California Countercurrent occurred 



(Simpson, 1984)« On the whole, this appears to be an 

exaggerated version of the normal seasonal pattern* 

This author, in a study of time series comparisons of 

infrared satellite images (NCAA-7 and NOAA-S, U.S* Lept. of 

Commerce) covering the whole of the California coast, 

observed an inshore migration of warm water into the 

California Eorderland during April, 1SS3 which reached Point 

Conception by June. This was accompanied by an offshore 

encroachment of warm water which ultimately reached a 

latitude equal to that of San Francisco by August. Analysis 

of the images also suggests that, due to the preponderance 

of northward moving circular eddies in various states of 

formation and decay, much of the transport of warm water 

into higher latitudes may, in fact, be accomplished - in this 

manner. 

Eiological production in a given area, in any marine 

ecosystem, is highly influenced by the physical and chemical 

characteristics of the waters entering it* Variations in the 

fecundity and taxonomic makeup of organisms living in the 

California Current ecosystem are strongly correlative to the 

long term and short term variability of large scale 

advection in the. CCS (Chelton, Eernal, and McGowan, 1£S0). 

Not surprisingly, the dynamic changes during El Nino 

episodes have disastrous effects on all links of the food 

chain from p h y t o p 1 a n k t i c primary producers on up to 

predatory birds and fish. 



McGowan (1283) reported that a 5C m depression of the 

normally nearsurface chlorophyll maximum (an index of 

phytoplankton biomass) had occurred based on data gathered 

along CalCCFI line SO in March, 1283 • McGowan (1964) 

reported extremely low levels of nutrients (i.e. nitrate and 

phosphate) in the photic zone along line 20 during the whole 

of 1283 • Also, the depth to the nutricline had been 

depressed to levels beneath the thermocline which, as 

mentioned previously, had also deepened considerably* In 

normal conditions, the two generally tend to coincide with 

the nutricline "tracking" the top of the thermocline* As a 

result, zooplankton biomass had decreased substantially by a 

factor of about 15 to 20. 

Other biological consequences more obvious to the 

non-scientific community were widely reported by the press. 

The southern California kelp community was all but destroyed 

during 1282-83 due to nutrient depletion (Eayton and Tegner, 

1284) and large masses were found washed up on the beaches. 

Anchovies, the object of a multi-million dollar industry for 

California, left the unusually warm coastal waters for the 

cooler, deeper waters offshore resulting in a 1283 catch 7S£ 

below that of 1 282 . Similarly, coho salmon, commercially 

important in the Pacific Northwest, became exceptionally 

scarce and those fish that were landed were some 2 to 3 

pounds lighter than normal. Albacore, a particularly prized 

sport fishing tuna, completely deserted southern California 
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and moved 120 to 16C miles offshore out of the reach of all 

but the most determined anglers* 

Further attesting to an enhancement of poleward flow 

during the 1Ç82-83 El Kino Gringo, bonito, typical southern 

California residents, were caught as far north as Oregon, 

well out of their normal range* Exotic fishes such as 

barracuda, marlin, swordfish, and yellow fin tuna, endemic 

to more southerly waters, appeared as far north as Santa 

Cruz, California* Great numbers of pelagic red crabs, native 

to the waters off southern Baja California, washed up on 

beaches from £an Eiego to Konterey Bay* 

As we have seen, the onset of El Kino brings about 

profound changes in the California Current ecosystem* The 

purpose of this study has been to investigate the nature of 

alterations in the radiolarian fauna inhabiting the waters 

of the CCS during the 1962-83 El Nino Gringo episode. The 

following discussion is an attempt to broadly describe these 

alterations as well as relate them to the large scale 

physical and chemical variations involved. 
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MATERIALS AKB METHODS 

Plankton Material 

Microplankton material used in this study was processed 

from three collections of high speed BUCA net tows archived 

in the Rice University Kicropaleontology Laboratory. These 

tows represent both El Nino and normal or "anti-El Kino” 

oceanographic conditions in the eastern North Facific. 

Anti-El Nino tows were taken as a result of cruises from 

Long Beach, California to Hawaii in January, 1S7S and San 

Biego, California to the Panama Canal Zone in November, 197S 

by Texas A & M University 1 s R/V Gyre. El Nino tows were 

taken between oceanographic stations along CalCCFI line 90 

as part of the July, August, and November, 1963 cruises of 

the Mini - CalCCFI series conducted by the Karine Life 

Research group of the Scripps Institute of Oceanography. 

The BUCA net, shown in figure 3> was towed in the wake of 

the ship at a depth of approximately one meter. Each of its 

two cylinders was fitted with either a 77 or 36 urn mesh 

m i c r o p 1 a n k t o n net. Filtering efficiency was assumed to be 

100£ as attempts to quantify efficiency have as yet been 

unsuccessful. The volume of water filtered was computed as 

the product of the aperatural area and the distance towed in 

meters. All calculations were made using a FORTRAN IV 

program included in Appendix I. Captured plankton material 
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Figure 3: The EUCA microplankton net tow apparatus (drawn to 

scale) is towed in the wake of a ship at a depth of 

approximately one meter. Each cylinder is equipped with one 

77um or 33um mesh microplankton net 
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was preserved in buffered formalin and stored in 15C or 3CC 

ml plastic sample bottles. 

In the laboratory, each of the samples was decanted into 

a graduated cylinder in order to measure the total 

displacement volume of microplankton. They were then split 

with a plankton splitter two or four times depending on the 

density of material in each sample. Aliquots of one quarter 

or one eighth of the total sample were then digested with 

dilute H202 and KC1. The remaining siliceous material was 

washed over a 63 urn screen and permanently mounted on glass 

slides with Permount mounting medium. 

All of the radiolarians on each slide were examined under 

a binocular transmitted light microscope, identified to the 

lowest taxonomic level possible (operational taxonomic unit 

= OTU), and counted. In most cases, this was to the species 

level. Identification was made primarily through the use of 

Nigrini and Moore (1S7S). Additional assistance came from 

the works of Haeckel (1667)» Eenson (1S66), Casey (1266, 

1577)» Nigrini ( 1 270 ), Strelkov and Reshetnyak (1271)» 

Eoltovskoy and Riedel (1280), Renz (1276), Kling ( 1S 7 7 » 

1272)» KcMillen and Casey (1278), Spaw (1272), Johnson and 

Nigrini ( 1 280 , 1282 ), and Nishimura and Yamauchi (1284). 

Smaller aliquots of 5 to 1C cc from each sample were studied 

so as to determine the dominant microplankton groups such as 

diatoms, dinoflagellates, planktonic forams, or pteropods. 
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Unused portions of each sample were labeled as to their 

fraction of the total sample and returned to the archives. 

Sediment Material 

Sediment material used in this study was processed from 

core sample plugs procured from the Deep Sea Trilling 

Project (TSTP). Cores ranging from the equator to the Eering 

Sea were sampled at the top of the Reticulofenestra 

psuedoumbilica coccolith Zone of Eukry (1973a) (3*0-3*4 Ma 

in Eukry, 1S73b). This datum was chosen as it closely 

corresponds to the evolutionary transition of Spongaster 

pentas Riedel and Sanfilippo to Spongaster tetras Ehrenberg 

(3*4 - 3*6 Ma in Theyer, et al., 1978), a radiolarian event 

of particular importance in light of results stemming from 

the investigation of our plankton material. This event 

occurs within the Spongaster pentas Zone of Riedel and 

Sanfilippo (1978) though it does not mark the upper boundary 

of the Zone. Thus, published coccolith stratigraphies of 

each TSTP section (Eukry, 1972, 1973c and d, 1981; Eukry and 

Eramlette, 1970; Gartner, 197C; Stradner and Allram, 1982), 

which allow for detailed stratigraphic resolution, as well 

as some correlative planktonic foraminiferan and 

s i 1 i c o f 1 a g e 11 a t e stratigraphies of each site were used to 

pick sample locations within the cores 
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Individual samples were weighed and subsequently 

disaggregated by alternately boiling with dilute H202, 

sieving with a 6 J um screen, boiling with dilute HC1, and 

sieving again* After the final sieving, the remaining 

material was placed in a 50 ml plastic vial with enough 

water to equal a total volume of 30 ml. Vials were shaken 

vigorously whereupon 1 cc aliquots of the total volume were 

then extracted and permanently mounted on glass slides using 

a modification of Moore’s (1576) method of randomly 

distributing grains (Wigley, 1585) • For the majority of 

samples, all of the radiolarians on each slide were 

identified to the lowest taxonomic level possible and 

counted. However, in some instantanées, a sample was so 

radiolarian rich that, in the interest of time, only the. 

first 3C0 individuals were identified and counted. This is a 

common practice and is considered to be a reasonably 

accurate representation of the total faunal assemblage 

(Wigley, 1585)« Identification of fossil radiolaria was made 

primarily through the use of Nigrini and Moore (1564)* 

Additional assistance came from Einkelman (1573)* Foreman 

(1575), Kling (1571), Moore (1571), and Reynolds (1S60). 

Cata Representation 

The results of the radiolarian counts from both the 

plankton and sediment derived material were tabulated and 
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expressed in a number of different ways. Flots of 

radiolarian diversity (# of CTU ' s/sample ) were prepared. 

This was the number of CTU ' s after counting all of the 

radiolarians in a sample or aliquot. For the plankton 

material, total radiolarians counted per sample ranged from 

approximately 1400 to 20. For the sediment material, 

considerably fewer individuals were encountered and total 

numbers ranged from 600 to 3C. Flots of total radiolarian 

standing crop (# of rads/m* water filtered), and radiolarian 

density or number ( § of rads/gram sediment) were prepared. 

For the plankton material, plots of total microplankton 

displacement volume (a measure of relative microplankton 

biomass) were also prepared. More detailed understanding of 

the - radiolarian faunas and their oceanographic and 

paleoceanographic implications is possible with the 

placement of radiolarian species into environmental groups. 

The environmental groupings used herein follow those of 

Casey, et al. ( 1 979b, 1S63) and are as follows. The 

particular environmental assignment of each radiolarian 

species is listed in Appendix II. 

The upper warm water sphere is defined as waters warmer 

than 15° C equatorward of the subtropical convergences. 

Radiolarians living exclusively in these waters are 

considered as upper warm water taxa as are radiolarians 

whose skeletal remains occur exclusively in recent sediments 

underlying the waters of the upper warm water sphere. 



44 

Similarly, extinct radiolarians are considered as upper warm 

water taxa if they occur almost exclusively in ancient 

sediments equatorward of the paleo-subtropical convergences. 

The positions of these paleo-convergences during the Neogene 

are determined by the observed poleward extent of certain 

fossil c o 1 1 o s p ha e r i d and spongasterid species. Symbiotic 

forms are a subgroup of warm water forms which host 

symbiotic zooxanthellae. Extinct symbiotic species are those 

species which are considered to be related to extant forms 

which host zooxanthellae. 

Transitional waters are those waters between 15° and 5° 

C which "outcrop” between the subtropical convergences and 

the polar convergences, extend equatorward by entrainment 

within the eastern boundary currents, and are present 

beneath the upper warm water sphere. Living radiolarians 

predominantly exhibiting a similar distribution are 

considered transitional taxa as are radiolarians whose 

skeletal remains occur in greatest abundance in recent 

sediments between the subtropical and polar convergences. 

Extinct radiolarians are considered transitional taxa if 

their fossil remains are predominantly found in ancient 

sediments between the pa 1 e o-s ub tropical and paleo-polar 

convergences. The positions of the paleo-polar convergences 

during the Neogene are designated as the furthest extent of 

all fossil warm water forms. 
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The cold water sphere is defined as waters cooler than 

5° C which "outcrop” poleward of the polar convergences, are 

entrained within the eastern boundary currents, and as is 

the case with intermediate and deep waters, underly the warm 

water sphere • Cold water radiolarian taxa are those forms 

which are found either living or as skeletal remnants in 

recent sediments in greatest abundance poleward of the polar 

convergences and in lesser abundances in or beneath the 

eastern boundary currents. Intermediate and deep water taxa 

are found living in intermediate and deep waters or as 

skeletal remnants in greatest abundance in recent sediments 

poleward of the polar convergences and in lesser abundances 

though evenly distributed about the ocean floor equatorward 

of the polar convergences • Extinct cold water taxa and 

intermediate and deep water taxa exhibit a similar 

distribution in ancient sediments, as designated by the 

paleo-polar convergences to their modern day counterparts. 

A number of different plots for both the plankton and 

sediment derived material were made using these 

environmental groupings. Diversities of symbiotic, other 

warm water, and cold water taxa including intermediate and 

deep water species were depicted. Standing crops or 

densities and percentages of each environmental group as 

part of the total standing crop or number were plotted in 

bar graphs and along transect curves as well. 
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RESULTS AKD DISCUSSION 

In order to fully appreciate the implications of 

radiolarian faunal assemblages observed during the 1262-63 

California El Nino event, it was necessary to investigate 

the spatial distribution and provenance of their dominant 

constituents during "normal” oceanic conditions. Plankton 

material sampled along transects traversing the width and 

length of the southern portion of the California Current was 

studied in an attempt to distinguish these parameters as 

well as large scale trends in general, which may appear in 

somewhat telescopic form within the region sampled during 

the 1262-83 El Nino Gringo. 

Width Transect 

On a cruise from Long Eeach, California to Hawaii during 

January, 1579» an 1100 km transect of northeastern Pacific 

waters, including those of the California Current and the 

North Pacific Anticyclonic Gyre, was sampled with a series 

of thirteen high speed DUCA net tows (fig. 4a). Several 

large scale trends are evident from the radiolarian 

parameters used. 

In terms of taxonomic diversity, there is a general 

trend towards greater diversity offshore (fig. 4d) with a 

distinct break apparent at a distance approximately 7CC km 
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Figure 4^ : Locations of plankton tows taken on the cruise 

from Long Eeach, California to Hawaii in January 1£7S« The 

map area shown in Figure 12 and CalCCFI Line 90 are 

superimpo sed. 

Figure 4^: Total displacement volume of microplankton 

captured in the January 1S7S tows is expressed in cc's of 

m i c r o p 1 a n k t o n / cubic meter water filtered. Tow locations 

have been slightly adjusted for graphical purposes. Observe 

the overall decrease in values offshore and the increase in 

slope within tow £6 signaling strengthening influence of 

central gyre waters 



FIGURE 4b 



Figure 4c: Total number of radiolarians captured in January 

197S tows is expressed in number of radiolarians / cubic 

meter of water filtered • Observe the overall increase in 

values offshore and the increase in slope in tow £6 

signaling strenghening influence of central gyre waters 

Figure 4 d * Cumulative diversity of the total radiolarian 

fauna is expressed in number of operational taxonomical 

units (OTU's) / aliquot. Counting units have been divided 

into broad environmental groups. Observe increasing 

diversity of symbiotic and other warm groups offshore and 

decreasing diversity of cold group offshore indicating 

increasing influence of central gyre waters offshore 



FIGURE 4c 

FIGURE 4d 
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offshore (point zero being Long Eeach) within tow £o. In 

this area, the number of OTU's (operational taxonomie units) 

is observed to increase dramatically with the warm water 

fauna becoming more taxonomically rich. Similarly, the total 

radiolarian number or radiolarian standing crop (fig. 4c) 

increases in the offshore direction with a corresponding 

"kick” at approximately 70C km • Eisplacement volume (fig. 

4b), a relative measure of total microplankton biomass, is 

observed to decrease overall in the offshore direction and a 

steepening in slope of the biomass plot occurs in this same 

area. Inshore of this transition zone, average biomass is 

over two and a half times that offshore illustrating the 

eutrophic nature of waters entrained in the California 

Current. The observed variations in the offshore direction 

are most plausibly a reflection of an increasing influence 

of oligotrophic waters of the Central Pacific Gyre. Figure 5 

shows the offshore 30 year mean salinity profile along 

CalCCFI line 9C. The core of the California Current is shown 

by the 33*4# isohaline. The core of the Central Pacific Gyre 

is shown by the 34% isohaline. The distinct breaks in the 

radiolarian trends at approximately 700 km correspond 

reasonably well with the physical oceanography and so can be 

considered to reflect a transition of environments with some 

confidence• 

Due to extremely sluggish circulation and hence, long 

residence time of waters within the Central Pacific Gyre, 
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Figure 5 s Thirty year mean salinity profile along CalCOFI 

line 90 (after Lynn, et al, 1S82) are plotted. The 33*4 °/oo 

isohaline indicates the core of the California Current, The 

34,C °/oo isohaline indicates core of central gyre waters, 

there is a good correlation of the salinity profile with the 

breaks in trends of microplankton displacement volume and 

total radiolarian number. 
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nutrient levels (phosphate and nitrate) and dissolved oxygen 

are typically wall below those in the California Current 

System or other boundary current systems. The physical 

environment is more stable overall and so a greater degree 

of specialization, in response to fierce competition for a 

limited food supply, is permitted within this biologic 

community. Conversely, eutrophic regions such as the 

California Current region are much less stable 

environmentally. Nutrient levels are typically high but are 

spatially and temporally variable as are other physical 

parameters (temperature, salinity, etc.) important to 

survival. The ability to tolerate a wide variety of 

conditions is the more limiting factor here, not food 

supply. Thus, the California Current region supports a 

quantitatively rich yet qualitatively poor community whereas 

the central gyre supports a quantitatively poor, 

qualitatively rich one (McGowan, 1977)* 

The observed trends in radiolarian diversity and total 

plankton biomass bear this out though the overall increase 

in radiolarian number does not. This discrepancy can be 

accounted for by an increasing abundance and percentage 

offshore of radiolarians symbiotically hosting zooxanthellae 

(figs. 6 & 7)* These radiolarians are able to derive most if 

not all of their nutritional needs from their algal 

symbionts (Anderson, 1$63)* Essentially, they are acting as 

plants by absorbing dissolved organic matter "directly" from 



Figure 6: Radiolarian number by environmental grouping 

during January 1$7S is expressed in number of radiolarians / 

cubic meter of water filtered. Observe a decrease in number 

in the intermediate and deep water group offshore and a 

marginal dominance of the symbiotic group offshore of tow 

#6. 

Figure 7s The percentage of the total radiolarian fauna of 

each environmental group during January 1S7S shows 

increasing percentages of the symbiotic group offshore, 

decreasing percentages of all cold water groups offshore, 

and a large percentage decrease of the intermediate and deep 

group between tows #5 and fr7 indicating decreasing influence 

of the California Current offshore. The highest percentage 

of the intermediate and deep group in tow £2 over Santa Rosa 

- Cortez Ridge indicates upwelling or strong southward flow. 
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the ocean* This allows them to exploit a niche unoccupied by 

any other radiolarians thereby giving them a substantial 

advantage over their local competitors as well as enabling 

them to outperform radiolarian assemblages of other 

biogeographic zones. 

An alternative explanation is related to the observation 

that the dominant phytoplankton within the California 

Current region (tows #1-£5) are by far the siliceous diatoms 

whereas the organic walled dinoflagelates and others are the 

dominant phytoplankton of gyre waters (tows $7~#13). Hence, 

radiolarians face strong competition for silica with the 

diatoms in the California Current. Competition is much less 

intense in the central gyre. It may well be that, in the 

absence of a large diatom population, radiolarians as a 

group become much more successful. Cleveland (1565) observes 

an increase in radiolarian density with depth from vertical 

plankton tows in the California Current. He suggests that 

proliferation of diatoms in surface waters inhibits the 

radiolarian population there. 

Other large scale trends become apparent with a division 

of the radiolarian population into the general environmental 

groups used by Casey, et al. (lS7Sh, 1562, 1562). Figures 6 

and 7 depict the individual abundances and percentages of 

each environmental group occurring in the thirteen tows. 

Symbiotic forms, as discussed above, increase in abundance 

and percentage and are the dominant group offshore of tow hi 



in the central gyre. In this area, the colonial 

collosphaerids make up the bulk of this group. It should be 

noted that the number of symbiotic forms is, at best, a 

minimum estimate as relatively little work has been carried 

out with regard to the recognition of zooxanthellae in 

radiolaria. Many other species may in fact play the role of 

symbiotic host. It should also be noted that although 

symbiotic forms are the dominant group, they maintain only 

an average 15A edge over other warm water forms. This will 

become important later in comparison to environmental trends 

observed on other cruise transects. 

Other warm water forms also increase in abundance 

offshore (figs. 6 d 7) though their importance in the 

radiolarian population as a whole is observed to decline 

slightly; a consequence of the symbiosis related competitive 

edge. Cold water forms, on the other hand, are observed to 

decrease in both abundance and percentage offshore. All of 

these trends can be related to the decreasing influence of 

the California Current and increasing influence of the 

central gyre. The region of influence of the California 

Current is shown quite well by the distribution of 

intermediate and deep water forms. These species enter the 

CCS by advection from much higher latitudes and from 

boundary current (Eckman induced) upwelling processes. It 

should be made clear that when these individuals are 

counted, it is not known whether they were captured alive or 
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dead due to treatment with ^*2^2, and in fact, many may have 

been just empty tests floating in the water column. 

Shoreward of the transition zone at approximately 7CC km , 

these species comprise, on the average, a significant 

percentage of the radiolarian fauna (> 15A). Cne tow (f, 2) in 

which these species appear in greatest abundance, was taken 

over the Patton Escarpment and the Santa Rosa-Cortez Ridge, 

two particularly steep linear topographic rises. Due to the 

abrupt change in subsurface topographic relief, these are 

areas of enhanced boundary current upwelling (Emery, 1$60). 

Offshore of tow #£, intermediate and deep water forms 

significantly decline in importance (fig. 7) signaling a 

transition to waters more similar in character to those of 

the Central Pacific Gyre. 

Kith regard to specific taxonomic distributions, it 

appears as though the collosphaerids are enhanced within the 

Central Pacific Cyre, an observation supported by the work 

of Casey, et al. (1S32), and are the dominant radiolarians 

in this region. Another group which shows some 

biogeographical zonation is the spongasterids. This group, 

as represented by its living members, is comprised of three 

distinct species variants. Spongaster tétras Ehrenberg 

tétras Nigrini exhibits an equilateral rhombic morphology. 

Spongaster te tras Ehrenberg irregularis Nigrini exhibits a 

rectangular morphology. The morphology of Sponga s te r pentas 

Riedel and Sanfilippo is somewhat variable and it may occur 
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in five, six, or seven sided form* Two of these species were 

present on the Long Eeach to Hawaii transect. Spongaster 

te tra s irregularis was found to occur nearshore. Spongaster 

tetra s tetra s was found to only occur in a tow well into the 

central gyre. 

The following discussion relates to a second transect of 

plankton tows, traversing the length of the southern 

California Current, which further illustrates the 

distributional zonation of these two species variants as 

well as other trends. A more detailed discussion of this 

unique relationship will be presented therein. 
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Length Transect 

Luring early November of 1S7S» nearshore surface waters 

of the southern portion of the California Current System, 

subtropical Pacific, and Eastern Tropical Facific were 

sampled in a series of high speed LUCA net tows on a cruise 

from San Biego, California to the Panama Canal Zone (fig. 

8a). Investigation of the radiolarian component produced a 

number of interesting results. 

Similar to what was observed on the Long Eeach to Hawaii 

transect, general diversity of the radiolarian population 

within the California Borderland was found to be fairly low 

(fig. 8d) and of nearly equal magnitude. Off northern Baja 

California, general diversity was found to be exceptionally 

high, primarily because of a taxonomic enrichment in warm 

water species. South of this area, a trend towards 

decreasing diversity continues to tow ft 11 in which diversity- 

reaches a minimum just north of the Gulf of Tehuantepec. 

Diversity then increases slightly in the following tows as a 

result of a taxonomic enrichment in symbiotic species, 

primarily the collosphaerids. 

On the whole, the trend towards decreasing diversity 

conforms with what we might expect when sampling waters that 

become less and less influenced by the Central Water Mass of 

the physically, chemically, and biologically stable Central 

Pacific Gyre. Two exceptions are the very high diversities 
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Figure 8a: Locations of m i c r o p lankton tows taken on the 

cruise from San Eiego, California to the Panama Canal Zone 

in early November 1S7S are plotted. 

Figure 8b: Total displacement volume of microplankton 

captured in November 1S7S tows is expressed in cc's of 

microplankton / cubic meter of water filtered. Tow locations 

are slightly altered for graphical purposes. The dramatic 

increase in values south of tow #9 indicates high eutrophism 

in the Eastern Tropical Pacific. 
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Figure Sc: Total number of radiolarians captured in November 

1S79 is expressed in number of radiolarians / cubic meter of 

water filtered. Observe the decreasing values southward. 

Figure 8d: Cumulative diversity of the total radiolarian 

fauna is expressed in number of operational taxonomic units 

(OTU’s) / aliquot. Counting units are placed in broad 

environmental groups. Observe decreasing values to the south 

and the slight increase in diversity of the symbiotic group 

south of tow #11 in the Eastern Tropical Facific. 
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observed off northern Eaja and the slight increase in 

diversity south of tow fi 11. The latter is related to an 

enhancement of the c o 11 o sphaerid group. In addition, the 

Eastern Tropical Pacific, the biogeographic region in which 

these samples were taken, is a fairly isolated oceanographic 

environment and hence, a relatively stable one at least in 

comparison to the California Current System (McGowan, 1S74)« 

With regard to the former, this particular area off 

northern Eaja is one in which strong upwelling occurs during 

this time of the year in a narrow band along the coast north 

of Vizcaino Eay (fig. £a) (Lynn, et al., 1S62). As a result, 

an abundance of cold and intermediate and deep water species 

are introduced into the area. Somewhat farther offshore (< 

20 km), the character of surface water is completely 

different. Mean temperatures are 2-3° C higher, mean 

salinities 0.1 - 0.2 ppt. greater, and oxygen content 0.2 - 

0.3 ml/L greater. These waters are very similar to surface 

waters on the periphery of the Central Pacific Gyre and/or 

the Eastern Tropical Pacific. This suggests a local invasion 

of central gyre waters and/or eastern tropical Pacific 

waters into the offshore northern Eaja area and hence, an 

invasion of their characteristic radiolarian faunas. 

Wyllie's (1SC6) 16 year mean maps of dynamic heights, which 

show a well developed Southern California Eddy during this 

time of the year, further support this suggestion. Thus, the 
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area sampled by tows #2 and #4 is one in which a great 

variety of species (i.e. high diversity) may be living due 

to the juxtaposition of possibly three entirely dissimilar 

environments. This is in contrast to the low diversities 

maintained, on the average, in spatially and temporally 

variable areas (ecotones) reported by McGowan (1S77). 

Although, in that particular study, it was noted that 

ecotonal regions do, in fact, exhibit a broad spectrum of 

biological diversity ranging from the very low to the very 

high. 

Total radiolarian density (fig. £c), initially very high 

off northern Eaja, was also observed to decrease overall to 

the south. Similarly, it also reached a minimum in tow #11 

off southern Mexico. Radiolarian density within the 

California Borderland was extremely low and this unexpected 

result could be a reflection of the fact that tow #1 was 

taken very nearshore. Radiolarians are commonly not very 

abundant in very nearshore waters (Casey, et al., 1S7Sa) and 

so tow #1 may not accurately represent radiolarian density 

within the southern most California Eorderland at this time. 

Alternatively, the observed low density may be related to 

the often rather patchy distribution of radiolarians within 

a given localized area (Casey, 1S71)» South of tow #11 off 

southern Mexico, radiolarian density increases slightly and 

becomes less erratic than that to the north. The bulk of the 

population in this area is comprised of symbiotic forms 
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which, in similarity to the Central Pacific Gyre, are 

predominantly collosphaerids. 

Displacement volume, the relative density of the total 

plankton biomass, is observed to increase overall to the 

south (fig. 8b), ultimately reaching levels even higher than 

that observed in nearshore tows on the Long Eeach to Hawaii 

transect. This illustrates quite well the very eutrophic 

nature of the Eastern Tropical Pacific. This entire series 

of plankton tows was taken fairly close to shore , some more 

so than others. Consequently, it is likely that they reflect 

some degree of neretic influence particularly since late 

fall and winter is the "wet" season at this latitude and 

river effluent is high ( Forsbergh, 1S6S). Had these tows 

been collected somewhat farther offshore in a truly open 

ocean setting, the results might be slightly different 

though general trends would most likely remain the same. 

At any rate, it is interesting to note that we see an 

inverse relationship between biomass and radiolarian density 

in both the Long Beach to Hawaii transect and the San Diego 

to Panama transect. It seems apparent that radiolarians, in 

general, are much more successful in mesotrophic to 

oligotrophic environmental situations. Exceptions do exist, 

for example, with the collosphaerids. This small group of 

species seems to be uniquely suited for both very 

oligotrophic and very eutrophic warm water environments. 

Their enhancement in the Central Pacific Gyre has already 
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been discussed. In the eutrophic Eastern Tropical Pacific, 

they are also enhanced. Casey, et al., (1$62) have suggested 

that their enhancement here may be due to the oceanographic 

isolation of the area or their ability to act as plants in a 

eutrophic environment though avoiding competition with the 

other primary producers. 

A division of the radiolarian population into 

environmental groups shows the same general longshore trends 

in more detail (figs. 9 & 10). The density of all symbiotic 

forms is fairly erratic along the entire transect and, as 

mentioned previously, peaks in the most southern tows. In 

this area they comprise over 8C/C of the total population. 

The density of other warm water forms is fairly high on the 

average though very erratic in tows ft 1-#1G. South of tow 

#10, other warm water forms decrease substantially in 

importance and make up less than *\5% of the population. The 

density of deep and intermediate forms is also quite 

variable. Highest densities of these species are found in 

the offshore northern Eaja area although they do not 

represent more than 4# of the population at any location. 

Other cold water forms maintain a slightly greater and more 

constant density throughout the transect but exhibit no 

obvious longshore trend. 

The most definitive trend in these tows appears to be a 

variation in dominance between the symbiotic group and the 

other warm water forms. In tows #1-#10, symbiotic forms 



Figure Si Radiolarian number by environmental grouping 

during November 1S7S is expressed in number of radiolarians 

/ cubic meter of water filtered. Observe the overall 

decreasing number in the other warm group to the south. The 

highest number of all cold water groups in tows ft2 and #4 is 

possibly a result of seasonal upwelling nearshore. 

Figure 10: The percentage of the total radiolarian fauna of 

each environmental group during November 1$72 shows a 

southward increase in the percentage of the symbiotic group, 

a southward decrease in the percentage of the other warm 

group, an overwhelming dominance of the symbiotic group 

south of tow #'10, and an only marginal dominance of the 

symbiotic group north of tow #11 
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maintain only a comparatively moderate edge over other warm 

water forms much the same as was seen in the central gyre 

(fig. 1C). In tows #11-#17 on the other hand, symbiotic 

forms are by far the dominant group. 

The distribution of other microplankton groups also 

shows a distinctive b io g e o g r a p hical pattern. Tows #'1-#4 

contain large numbers of diatoms relative to tows to the 

south as well as a number of cold water planktonic 

foraminifera such as G1 obigerina bulloides d'Crl^igny and 

Globigerina quinqueloba Natland. In tows £'5-#1C, 

dino f 1 a ge11 a tes overwhelmingly dominate the microplankton 

assemblage. Although dinoflagellates are fairly abundant in 

tows #11-#17, warm water planktonic foraminifera such as 

Globigerinoides ruber d 1 Orbigny and Globlgerinella 

aequilateralis (Erady) abound as do pteropods. 

Eased on the preceeding relationships between 

radiolarian diversity, density, and environmental groups, 

the distribution of other microplankton groups, and total 

mi c r o p la n k t on biomass, the transect can be divided into 

three distinct zones or provinces (fig. 11a). Tows #1-#5/6 

reflect a strong influence of the California Current as 

evidenced by the highest densities of intermediate and deep 

living forms and abundant diatoms. Tows #10/11-#17 reflect 

the highly eutrophic conditions of the warm Eastern Tropical 

Pacific as evidenced by very high biomass, large numbers of 

warm water planktonic foraminifera, low radiolarian 
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Figure 11a: The biogeographic zonation observed from 

microplankton tows during November 1579 shows a California 

Current zone, a central (gyre like) zone, and an Eastern 

Tropical Facific zone. 

Figure 11b: The distribution of spongasterids during 

November 1S7S shows Sponga ster tétras irregularis dominant 

in tows #1 - #4» Spongaster tétras tétras dominant in tows 

n6 - #11, and Spongaster pentas dominant in tows #1£ - #17* 
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Figure 11c: Eiogeographic "core" zones of the North Pacific 

(after McGowan, 1S74) are shown. "Core” regions are areas in 

which 100^ of the endemic fauna is present. Note the close 

agreement with zones developed from this study shown in 

figure 11a. 

Figure 11d: The distribution of spongasterids in Holocene 

sediments of the North Pacific (after Nigrini, 1S70) shows 

the following. 

1) Spongaster tétras irregularis exhibits high to 

mid-latitude distribution. 

2) Spongaster tétras tétras exhibits mid to low latitude 

distribution. 

5) Spongaster pentas was apparently not recognized. 
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diversity and density, and a strong dominance of symbiotic 

forms. Tows #5/6-#10/l1 represent a transition region 

predominantly under the influence of the Central Pacific 

Gyre as evidenced by moderately low biomass, abundant 

dinoflagellates, high radiolarian diversities, and moderate 

dominance of symbiotic forms. 

Such a zonation is further supported by distributions of 

the three members of the spongaster group (fig. 11b). 

Spongaster tétras irregularis, with highest densities in the 

California Current on the Long Eeach to Hawaii transect, is 

found to be the dominant spongaster in tows £1-/î4. 

Spongaster tetra s tétras, the suggested dominant spongaster 

for the central gyre on the Long Eeach to Hawaii transect, 

is found to be the dominant spongaster in tows jf6—# 11 • 

Spongaster pentas, which was not seen on the Long Eeach to 

Hawaii transect and was previously thought to have been 

extinct in the Pacific since the early Pliocene (Riedel and 

Sanfilippo, 1S78), is found to be the dominant spongaster in 

tows #12-#17. 

Ey comparing the symbiotic and other warm water species 

dominance patterns, the spongaster dominance patterns, and 

the planktonic b i o g e o g ra phic provinces of McGowan (1571) 

(fig. 11c), it is suggested that a dominance of Spongaster 

tétras irregularis can be used as an indicator of Subarctic 

and transitional waters of the California Current. 

Similarly, a dominance of Spongaster tetras tétras would be 
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indicative of central gyre waters and a dominance of 

Spongaster pentas indicative of Eastern Tropical Facific 

waters (fig. 11a). Holocene radiolarian distribution plots 

by Kigrini (1$70) for the whole of the North Pacific confirm 

such a zonation for S. te ira s t e t ras and S^. te tras 

irregularis (fig. 11d). This plot shows S_. te tras 

i r regularis as predominantly occuring in high to 

mid-latitude sediments extending into the California Current 

region. Spongaster tétras tétras exhibits a predominantly 

mid to low latitude sediment distribution. 

The study of these two series of plankton, tows has 

resulted in a general understanding of the spatial 

distribution of the important radiolarian parameters and 

taxonomic groups that can be used to study the plankton 

material sampled during the 1562-83 El Nino Gringo. Kith 

this in mind, we may better appreciate the implications of 

spatial patterns observed in the El Nino material 

particularly with regard to anomalous physical and chemical 

oceanographic phenomena reported during this event. 



El Kino Transects 
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During the 1S82-S2 El Kino Gringo event, high speed DUCA 

net m i c r o p 1 a nk t o n samplings were collected as a result of 

three cruises traversing CalCCFI line SC (fig 12a). A July, 

1582 cruise was aborted early on and so only a couple of 

tows were completed. August,1563 and November,1SS3 cruises 

made successful transects from stations SC.26 to SC.70 (a 

distance of approximately 350 kms.) and tows were collected 

between the majority of these stations on each cruise. 

During July, for which only nearshore tows were 

collected, there appears to be an increase in radiolarian 

diversity in the offshore direction as well as a large 

increase in radiolarian density (figs. 12b & c). In fact, 

this fs the overall trend during all three time periods 

sampled (figs. 12b & c) and is in direct correspondence with 

what we observed on the Long Eeach to Hawaii transect though 

average radiolarian density is comparitively somewhat 

elevated in August and November. These trends are perhaps 

due to the westward increasing influence of the Central 

Pacific Gyre or alternatively, they may just be due to a 

transition from the neritic to open ocean environment. If 

related to the former, it is unusual that such an influence 

is exerted so close to shore. 

Total biomass (fig. 12d) behaves differently at all 

three time periods. During July, it increases in the 
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Figure 12a: Locations of plankton tows taken between 

oceanographic stations occupied along CalCOFI line 90 during 

July, August, and November 1963 are plotted. Except for 

limited coverage in July, microplankton net tows were taken 

between the majority of stations on each cruise 

Figure 12b: The total number of radiolarians captured during 

each sampling period of 1963 is expressed in number of 

radiolarians / cubic meter of water filtered. Values 

increase offshore and there are higher values offshore 

compared to tow # 1 during January 1979 (fig. 4c) 

representing the same approximate area. 
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Figure 12c: Total radiolarian diversity during each 

sampling period of 1983 is expressed in number of 

operational taxonomic units (OTU's) / aliquot. Observe 

increasing diversity offshore and higher values offshore 

compared to tow #1 during January 197S (fig. 4 d ) 

representing the same approximate area. 

Figure 12d: Total displacement volume of microplankton 

captured during each sampling period of 1983 is expressed in 

cc's microplankton / cubic meters of water filtered. Observe 

values increasing offshore during July and August and values 

decreasing offshore during November. 
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offshore direction and reaches very high levels relative to 

that found on the Long Eeach to Hawaii transect over the 

same area. Curing August, biomass also increases in the 

offshore direction though only slightly, maintaining a level 

commensurate with that on the January, 1575 Long Beach to 

Hawaii transect. November seems to be the most "normal" 

period with biomass decreasing offshore. Volume levels are 

slightly depressed relative to January, 1575. The July curve 

is most curious and is totally unexpected given the very low 

nutrient levels reported by McGowan (1584) at this time and 

the historical record of lower than average macrozooplankton 

volumes during El Nino events (Chelton, et al., 1582). 

Although, the m i c r o p 1 a n k tonic radiolarians do seem to be 

more successful in mesotrophic or oligotrophic conditions,, 

as mentioned previously. In addition, the July tows are 

taken during the height of the the oceanographic summer and 

zooplankton standing crops are always elevated during this 

time (Chelton, 1581). 

Looking at the radiolarian population in terms of 

environmental groups (figs. 13 & 14)» month to month 

variations are not very noticeable. What is apparent is 

that during August and November, the nearshore and offshore 

tows are very different in character. With the exception of 

the August tow between stations 50.35 and 50.37» nearshore 

tows are clearly dominated by the symbiotic group (nearly 

twice as abundant as other groups) whereas offshore tows 
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Figure 13: Radiolarian number by environmental grouping for 

each monthly sampling period is expressed in number of 

radiolarians / cubic meter of water filtered. There is an 

increasing number in all groups offshore (most notably the 

symbiotic and other warm groups) during all sampling 

periods. Highest numbers of all cold water groups are seen 

during August. 

Figure 14: The percentage of the total radiolarian fauna of 

environmental group for each of the monthly sampling periods 

shows that except for July, nearshore tows exhibit a strong 

dominance of the symbiotic group and offshore tows exhibit 

only a marginal dominance of the symbiotic group or a slight 

dominance of the other warm group. This suggests nearshore 

areas were strongly influenced by waters of the Eastern 

Tropical Facific whereas offshore areas were strongly 

influenced by central gyre waters. Notice the transitional 

group dominates the August tow between stations .35 and .37 

(see figure 18) 
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show only a marginal (< 2C%) dominance of the symbiotic 

group or a slight dominance by other warm water forms. Both 

the warm water group and the cold water forms, including 

deep and intermediate water species, are considerably more 

abundant offshore as the entire assemblage becomes more 

diverse • 

The overwhelming dominance by the symbiotic group in 

nearshore tows, shown most clearly on the August transect, 

is similar to the most southern tows of the San Liego to 

Panama transect representing the Eastern Tropical Facific. 

The marginal dominance offshore of the symbiotic group or 

slight dominance by other warm water forms is similar to 

that observed in the middle section of the Panama transect* 

This area was considered to be a transitional region 

predominantly influenced by waters of the Central Pacific 

Gyre* In addition, the abrupt increase in standing crop of 

symbiotic and other warm water forms is very similar to an 

increase on the Long Eeach to Hawaii transect signaling a 

transition to central gyre waters* An offshore abundance of 

all cold water species may be attributed to a greater 

influence of the California Current though diminished in 

intensity and somewhat closer to shore as compared to the 

January, 1 975 transect* Further evidence for a California 

Current influence is that offshore tows during both August 

and November contain greater numbers of cold water 

planktonic foraminifera such as Globigerina bulloides, 
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Glogigerina falconensis, and Glogigerina pachyderma (right 

coiling) relative to nearshore tows. 

The sparse oceanographic data that has been published on 

the 1S82-63 El Nino supports these observations. Simpson 

(1S64) reports that during April through November of 1$S3, 

data collected along CalCOFI line SO show the region as a 

whole as having statistically significant higher 

temperature, lower salinity, and higher dissolved oxygen 

concentration than the long term CalCOFI data. Simpson and 

similarly, McGowan ( 1 964 ) suggests this is an indication 

that enhanced onshore transport from the west occurred 

moving California Current and Central Pacific Gyre waters 

eastward and closer to the coast. In addition, Simpson also 

likens the development of this El Nino Gringo to the normal 

winter seasonal succession of events where an exagerrated 

coastal countercurrent develops inshore resulting in 

enhanced poleward transport of southern water. Thus, it 

seems reasonable that a more "Eastern Tropical Pacific like" 

fauna be observed nearshore as a result of the 

countercurrent as well as a more "transitional central gyre 

like" fauna offshore resulting from enhanced onshore 

transport from the west. Mixed within these two end members, 

but of lesser importance, is the influence of the much 

diminished California Current. The observed anomalous 

dominance of cold water forms in the August tow between 

stations SC.35 and SC.37 (fig* 14) can be attributed to this 
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area being cne of relatively stronger southward flow. Figure 

15 shows the temperature distribution along line SC during 

August of 1563* Between stations 9C.32 and SC.37» there is a 

perceptable shoaling of the isotherms suggesting a relative 

enhancement of California Current flow. This may also be the 

result of obstruction upwelling in the lee of Santa Catalina 

Island. But regardless, it is not surprisingly that we find 

an enhancement of cold water forms in this area. 

Weinheimer, et al., (in press), in a comparative study 

of vertical plankton tows collected over the Santa Catalina 

Easin during 1563 anti-El Nino and 1964 21 Kino periods, 

report a peak in the total standing crop of all radiolarian 
% 

environmental groups during the 1964 El Nino period. A 

similar effect may be seen in a comparison of the El Nino 

tows and the January, 1975 tows of this study. Radiolarian 

standing crops of August and November, 1963 (fig. 12b) are 

almost twice that of January, 1575 from the same area (fig. 

4c). Diversity (fig. 12c) is well above the "norm" as 

exemplified by January, 1979 (fig* 4d). With the exception 

of the deep and intermediate water group, all of the 

environmental groups in the majority of tows show a greater 

standing crop compared to January, 1975» Weinheimer, et al., 

(in press) provide several hypotheses to explain their 

observed phenomena. These data seem to support at least one 

of them. That is, an eastward adjustment of the California 

Current and central gyre results in advection from areas of 
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Figure 15: The August 1SS3 temperature profile along CalCGFI 

line SO is plotted and shows a slight susurface doming of 

isotherms in the area of stations .35 and .37» This suggests 

this is an area of relatively stronger southward flow of 

California Current. 
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"normally" higher standing crop, i.e. offshore. The absence 

of a similar peak in the deep and intermediate water group 

can be attributed to the fact that the plankton tows used in 

this study are surface tows and so reflect only surface 

conditions whereas the tows in the Keinheimer, et al., (in 

press)' study reflect surface conditions as well as those at 

depth where these species are more apt to occur. The 

presence of large numbers of dinoflagellates in all tows 

further supports the suggestion of increased influence from 

gyre waters. They are by far the dominant microplankton in 

all tows during all three months to the exclusion of the 

diatoms which normally dominate the surface waters of the 

area. 

Alternatively, the enhancement of all radiolarian groups 

during El Nino Gringo is similar to enhancements in tows ÿ2 

and #4 on the Panama transect. A juxtaposition of possibly 

three different oceanic environments was suggested to 

account for exceptionally high densities in these tows. 

Based on the oceanographic syntheses of Simpson (1S£4) and 

McGowan (1S64)» it might be concluded that a similar though 

less localized ecotonal like phenomenon occurrs during an El 

Nino Gringo. Exagerrated mixing of Eastern Tropical Pacific 

waters, central gyre waters, and California Current waters 

which occurs within the California Eorderland might account 

for this. This results in a migration into the area of a 

great variety of different radiolarian species, hence 



greater observed diversity, and an increase in the standing 

crops of most all environmental groups dus to a moderation 

of physical conditions intolerable to them. 

In light of the previous discussion of nearshore and 

offshore variations, some month to month variation can be 

observed. Luring July, a strong dominance of symbiotic forms 

nearshore is not apparent (fig. 14)* In fact, these tows 

look more like the offshore tows during the other months. 

Curing August, the characteristics that have been suggested 

as indicating Eastern Tropical Pacific waters are observed 

in tows farther offshore (fig. 14) (out to tow 90.45 - 

SO.55) than during November (out to tow SC.J2 - SC.35). 

Conversely, the abrupt increase in radiolarian density 

considered indicative of central gyre waters occurs closer 

to shore during November than in August (fig. 12b). 

It is suggested that during July, nearshore regions were 

being invaded by gyre waters from the south and west as a 

result of onshore advection by the strengthening California 

Countercurrent. Curing August, tapping of Eastern Tropical 

Pacific waters through strongly enhanced poleward transport 

of the Countercurrent resulted in the invasion of an 

"Eastern Tropical Pacific like" fauna to nearshore and 

offshore waters though the influence was predominantly in 

the nearshore regions. Finally, November represents a 

slackening in the Countercurrent and a return to more normal 
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conditions though a strong presence of central gyre and 

eastern tropical Pacific waters still pervades. 

Additional support for this general scenario can be 

found in a comparison of the dominant spongasterid fauna 

during each of the time periods. Figures 16a, b, and c 

illustrate the distribution of the three spongasterid 

species along each of the transects. Curing July (fig. 16a), 

S^. tétras tétras is the dominant species nearshore to the 

exclusion of the other two. During August (fig. 16b), S. 

pentas is clearly the dominant species in both nearshore and 

offshore tows. Finally during November (fig. 16c), S. tetras 

irregularis gains dominance in the nearshore and offshore 

regions. The distributions of these individual species as 

observed in the Hawaii and Panama transects and their 

relationships to the faunal provinces of McGowan (1971) 

suggests that such a scenario could have occurred. Dominance 

of S_. tétras tétras during July indicates a dominant 

influence of gyre waters; dominance of S. pentas during 

August indicates a dominant influence of Eastern Tropical 

Pacific waters; and dominance of S_. tétras irregularis 

during November indicates a return to a stronger Subarctic 

and transitional water influence. An analysis of the 

complete physical and chemical oceanographic data for these 

cruises might be the ultimate judge of the accuracy of such 

speculation. Eut, as of yet, it is unavailable. In the 

meantime though, the radiolarian evidence, however 
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Figure 1 6a : The distribution of spongasterids during July 

1Ç83 shows only S p ongaster tétras tétras is present. This 

suggests an influence of central gyre waters nearshore. 

Figure 16b: The distribution of spongasterids during August 

1583 shows Spongaster pentas dominates both nearshore and 

offshore tows. This suggests a strong influence of eastern 

tropical Pacific waters both nearshore and offshore. 

Figure 16c: The distribution of spongasterids during 

November 1583 shows Spongaster tetras irregularis dominates 

both nearshore and offshore tows. This suggests 

strengthening influence of the California Current both 

nearshore and offshore. 
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circumstantial, tells a most interesting and thought 

provoking tale. 

The ability of this unique radiolarian group to signal 

large scale perturbations in the provincial character of 

waters in the eastern North Pacific as well as the more 

general observations we have made about the imprint of El 

Nino Gringo on the radiolarian component present us with 

some potentially useful tools with which to investigate El 

Nino phenomena in the ancient sediment record. The following 

discussion relates to an attempt to apply these tools in the 

paléontologie sense in order to determine the possible 

extent and intensity of El Nino phenomena at a particularly 

interesting time plane in the geologic past. 



PLIOCENE PALEOCEANOGRAPHY IN RELATION T0‘ EL NINO 

One of the most significant events in Pacific Neogene 

pa 1 e o c eano gra phic history has been the final emergence of 

the Isthmus of Panama and the resultant destruction of the 

Central American Seaway. Construction of this narrow 

connective landmass between Central and South America 

apparently began sometime during the late Jurassic. Though 

at this time, the Isthmus was nothing more than an arcuate 

chain of volcanic islands perched atop a series of linear 

structural highs (Lloyd, 1963)• Communication between the 

Atlantic and Pacific oceans was for the most part unhindered 

throughout the Cretaceous and early and middle Cenozoic as a 

number of deep channels existed between the various 

topographic highs (Woodring, 1966). It was not until the 

Pliocene that continued progressive uplift and erosion of 

emergent islands served to completely close adjacent troughs 

and depressions through which Atlantic and Pacific waters 

were exchanged (Lloyd, 1963). Two recent studies, those of 

Saito (1976) and Keigwin (1978), place the final emergence 

of the Panama Isthmus in middle Pliocene time. Based on 

disynchroneities in the coiling directions of Atlantic and 

Pacific planktonic foraminifera of the genus Pulleniatina, 

Saito ( 1 976) has inferred a severance of the Panamanian 

connection at a minimum 3.5 Ma. Keigwin (1978) marks the 
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temporary disappearance of this genus from the the Columbian 

Basin at 3.1 Ma and suggests the possibility of surface 

water communication until that time. 

The consequences of closing the communication of the 

Atlantic and Pacific across Central America were undoubtably 

highly significant to Pacific equatorial circulation. Today, 

physical differences between surface water on opposite sides 

of the Panama Isthmus mainly have to do with temperature and 

salinity. Eastern tropical Pacific waters are somewhat 

cooler (1-2°C) and considerably less saline (2-3°/oo) than 

the waters of the Caribbean. If the Isthmus were suddenly 

removed, a situation similar to that observed within the 

Strait of Gibraltar would be established, at least for a 

short period of time (Emiliani, et al, 1972). Considerable 

volumes of warm saline water would be introduced in to the 

Pacific at depth. Conversely, presumably equal volumes of 

cooler, less saline Pacific surface water would be lost to 

the Caribbean. Over the long term, this might cause 

considerable disruption and readjustment of present dynamic 

equilibrium within the equatorial Pacific. By the same 

token, the severance of interoceanic communication during 

the middle Pliocene would have caused considerable 

readjustment in equatorial circulation at the time as well 

as important changes in Pacific marine climates and the 

b iogeogra phica 1 distribution of the many marine organisms 

dependent upon the steady state. For these reasons and the 
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potential pa 1eooeanographic utility of spongasterid 

distributions as developed in the preceeding plankton 

studies, it seemed natural to attempt a study of radiolarian 

distributions in the northeastern Pacific during this 

particular time frame.. 

Numerous studies of northeastern Pacific 

paleoceanographic conditions during the early and middle 

Pliocene have been conducted by Barron, 1373; Ingle, 1368, 

1973; and Keller, 1978, 1979 to name a few. There is general 

agreement on the persistence of relatively stable warm sea 

surface temperatures throughout the early and middle 

Pliocene culminating in a severe cooling episode beginning, 

at about 3.0 Ma. This terminal Pliocene cooling event may 

represent the onset of northern hemisphere glaciation and is 

a result of changing circulation patterns brought on by the 

closure of the Central American Seaway (Berggren, 1972, 

Kennett, 1982, Hodell, Kennett, and Leonard, 1983» 

Shackleton & Opdyke, 1977)» The time frame chosen as part of 

this study is then bracketed by two highly significant 

events; the approximate time of closing of the Central 

American Seaway at 3*5 Ma and the approximate onset of early 

northern hemisphere glaciation at about 3*0 Ma. 
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BSDP Transect 

Deep Sea Drilling Project (DSDP) core samples were 

selected from drilling sites spanning the whole of the 

northeastern Pacific rim from the equator to the Bering Sea 

(fig* 17) (Table I). The general time frame, from 3*0 - 3*5 

Ma (the top of the Reticulofenestra psuedoumbilica coccolith 

Zone), is one in which a number of oceanographically 

significant events are thought to have occurred. This 

particular series of cores was chosen to spatially overlap 

with the series of plankton tows collected on the cruise 

from San Diego to Panama so as to make comparisons between 

the two. On the whole, the radiolarian faunal patterns 

preserved in sediments 3.0 -3*5 Ma is not so different from 

patterns observed from the various plankton tows. Certainly, 

syndepositional and post depositional processes have had an 

important influence on the original radiolarian biocoenosis, 

but only in a few instances has this this been particularly 

striking. 

Figure 18 shows a plot of diversity (as defined in the 

methods section) of the radiolarian thanatocoenosis from 

north to south. Disregarding the two southern most samples, 

as they represent predominantly equatorial circulatory 

conditions, general diversity is seen to increase from the 

Bering Sea site to site 173 off northern California then 

decrease overall to the south with the exception of a 
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Figure 17: Locations of Deep Sea Drilling cores are plotted. 

Sample sediment material used in the study of the middle 

Pliocene time frame were extracted from each of these cores. 

Figure 18: Total radiolarian diversity and diversity of 

broad environmental groups (not cumulative) is expressed in 

number of operational taxonomic units (OTU's) / sediment 

sample. The different paleoceanographic setting of sites 77B 

and 83A indicated by reduced line thickness. Observe the 

overall southward decreasing diversity in the cold group to 

site 493 and the overall southward increasing diversity in 

the symbiotic group to site 493» The diversity of all groups 
% 

increases at sites 77B and 83A. 
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secondary peak off present day Baja California. Explanation 

of the increase between sites 185 and 173 is fairly straight 

forward. Radiolarian biocoenoses of high latitude Arctic and 

Subarctic waters is, in general, lower than that of lower 

latitude transitional waters (Casey, 1977). Exceptionally 

high radiolarian diversity at sites 173 and 33 may also be 

related to the position of the Subtropical Convergence at 

this time as a more diverse fauna would be expected proximal 

to the mixing boundary between transitional and subtropical 

water masses. 

South of site 173, diversity reaches a low at site 469. 

It is likely that this extreme low is a result of poor 

preservation as only fairly robust forms were found in this 

sample. Individual tests were somewhat mottled in appearance 

and few unbroken tests were found. In addition, relatively 

few diatoms were found at this site in contrast to site 33 

indicating a poor pr e se r v a t i o nal potential for biogenic 

silica as a whole. Diatoms are typically the most abundant 

siliceous microplankton in both the water column and the 

sediment in this region. They are also, in general, less 

solution resistant than radiolarians (Johnson, 1974)* 

Therefore, the paucity of diatom tests at site 469 is one 

indication of diminished preservation of silica. 

The overall southward decrease in diversity is, for the 

most part, a result of the decreasing variety of cold water 

forms (fig. 18). This is to be expected as conditions become 
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less and less suitable for the cold water dwellers. 

Paradoxically, warm water diversity is also seen to decrease 

south of site 173 (fig. 18) though it begins to increase 

again south of site 32. It is possible that the sites north 

of site 34 experience a greater preservational potential for 

silica as these samples contain an abundance of diatom tests 

relative to the more southern sites. Thus, the relatively 

higher diversity of warm water forms at northern sites may 

be more a reflection of enhanced pre servational effects 

rather than a more diverse biocoenosis as compared to the 

more southern sites. 

The secondary peak in diversity off southern Baja 

California at sites 476 and 471 (fig. 18) is notable in that 

these sites are located off the tip of the peninsula. The 

peak in diversity here is a result of an increase in the 

diversity of both symbiotic and other warm water forms. In 

addition, cold water diversity is observed to decrease 

substantially to the south of site 476. This pronounced 

break from the general longshore trend is possibly a 

reflection of enhanced preservation or, more interestingly, 

an indication of a distinctive oceanographic boundary. 

As discussed in a previous section, the area off the 

southern tip of the Baja peninsula is one in which there is 

presently a weakly defined oceanic front, the San Lucas 

Convergence, separating waters of the Eastern Tropical 

Pacific from those entrained within the southern portion of 
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the California Current (fig. 2). In addition, outflow from 

the Gulf of California also greatly influences the character 

of waters within this region (Griffiths, 1565) as well as 

the radiolarian fauna there (Mo 1ina-Cruz, 1981). The 

elevated diversities of both symbiotic and other warm water 

forms may reflect the influence of such an oceanic boundary 

during the 3.0 - 3.5 Ma time frame. As a result of frontal 

mixing between a number of different oceanic environmental 

regimes, a great variety of radiolarians could likely be 

present in the water column. Hence, an unusually diverse 

radiolarian t ha na t o c oe no sis might be expected. The sharp 

decrease in diversity of the cold water group south of site 

476 also lends credence to the suggestion of an oceanic 

front. Both surface and subsurface waters south of the front 

would be expected to be substantially warmer than those to 

the north as is presently the case. Wigley (1585) and 

Perez-Guzman (1983) suggest the presence of a similar 

frontal zone in this area at 8 and 5 Ma based on radiolarian 

evidence though neither was able to discern a strictly 

Eastern Tropical Pacific fauna from their counts. 

The radiolarians observed at sites 83A and 77B (fig. 17) 

represent entirely different oceanic conditions than to the 

north. These two sites have been included in this study 

because of the profound influence equatorial circulation and 

the invasion of Eastern Tropical Pacific waters has on the 

northeastern Pacific during El Nino episodes. Site 83A is 
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located slightly north of the equator within the eastern 

tropical zone. Radiolarian diversity at this site (fig. 18) 

is very high as a result of an increase in the diversity of 

all three environmental groupings but most notably within 

the symbiotic and other warm water groups. This is similar 

to that observed on the Panama plankton transect. McGowan 

(1974) also states that this biotic province is one in which 

the diversity of life is characteristically high. The level 

of diversity of symbiotic forms is increased primarily by 

the isolated occurrence of several species of 

c o 11 0 sphaer id s . Co 1 lo sphaerids were seen to be the major 

constituents of the symbiotic group in the plankton captured 

from this province as well. 

Site 77B is located almost directly on the equator at 

134° W longitude and consequently reflects the influence of 

equatorial circulation. The present Equatorial Divergence 

occupies this area and presumably did so during the 3*0 - 

3.5 Ma time frame. Radiolarian diversity is also very high 

at this site (fig. 18). The Equatorial Pacific is in part an 

extremely eutrophic region, particulary in the area of the 

Equatorial Divergence, and also maintains an exceptionally 

diverse biota (McGowan, 1974)* This is in contrast to the 

low diversities observed in the plankton tows from eutrophic 

regions such as the California Current. The Equatorial 

Pacific characteristically exhibits a very low temporal 

variability (McGowan, 1974) with regard to temperature, 
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salinity, and nutrient levels. The California Current, on 

the other hand, is exceedingly more variable with respect to 

these parameters. 

As with the plankton material, the fossil radiolarians 

have each been assigned to an environmental group. Figures 

19 and 20 depict the density or radiolarian number (# rads/g 

sediment) and percentage distributions respectively of each 

group from north to south. Highest densities are shown at 

the two southernmost sites, 83A and 77B (fig. 19)» In fact, 

radiolarians are over three times as abundant at these sites 

than at any site to the north. It seems reasonable to 

suggest that this region most likely exhibited the same high 

level of environmental stability and extreme eutrophism then 

as it does today. For this reason, it should be no surprise 

that radiolarian densities are exceptionally high. In 

addition, it is likely that preservation has been 

exceptionally good as high productivity in the region, in 

general, would lead to swift burial of biogenic material and 

hence, less alteration of the original death assemblage. 

Dilution by terrigenous sediments would also be minimal. 

Somewhat lower densities are observed at sites 183, 173, 

and 33 and from these sites south, the radiolarian number 

exhibits a generally decreasing mode (fig. 19)» The lowest 

density is observed at site 469» Such a low level further 

supports the previous suggestion that the original death 

assemblage at this site has been significantly altered by 
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Figure 1S: Radiolarian number by environmental grouping is 

expressed in number of radiolarians / gram of sediment. The 

weight of the sample at site 476 is unknown. The sample was 

borrowed. Observe the overall southward decreasing values to 

site 493• The extremely high values at sites 77b and 83a are 

most likely due to their paleocceanographic setting near the 

paleo- equatorial divergence. The secondary peaks at sites 

470 and 471 may indicate the presence of an oceanic frontal 

zone. The higher number of all warm water forms at northern 

sites 33 and 173 may indicate warm water conditions or 

better preservation of silica relative to other sites. 

Figure 20s The percentage of the total radiolarian fauna by 

environmental grouping shows high percentages of all cold 

water groups at all stations. This may represent cold 

conditions in the North Pacific relative to present or 

preservational enhancement of typically "robust" cold water 

forms. The percentages of the symbiotic group increase to 

the south. The symbiotic group is the strongly dominant warm 

water group south of site 470. The sharp break in the 

symbiotic trend between sites 470 and 471 may indicate 

presence of oceanic boundary or frontal zone. 
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p r e s e r va t i o na 1 effects. The overall decrease in density 

southward is primarily a result of a decrease in the number 

of all cold water forms. Transitional, intermediate and deep 

water, and other cold water forms comprise the bulk of the 

radiolarians at the northern sites (north of site 471) as 

evidenced by their percentages. 

One exception is site 185 in the Bering Sea. Radiolarian 

density is relatively low at this site which is most likely 

a result of its rather isolated location. Furthermore, the 

exceptionally large percentage of radiolarians at this site 

is comprised of warm water forms. This is an unexpected 

result considering its high latitude location. Possibly this 

area was strongly influenced by the northward extension of 

the paleo-Kuroshio Current during this time resulting in a 

relatively enhanced warm water imprint. 

Warm water forms including symbiotic forms also decrease 

in abundance southward though only slightly (fig. 19). No 

such decrease is reflected in their percentages longshore 

(fig. 20) which suggests that their decreasing abundances 

may be a result of slightly poorer preservation at more 

southern sites. Percentages, in fact, show an increasing 

importance of these forms to the south. In general then, the 

southward decreasing influence of the cold paleo-California 

Current shows up quite well from the decreasing abundances 

and percentages of all cold water forms and the increasing 

percentages of all warm water forms. The terminous of this 
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influence is shown both by the distribution of symbiotic and 
« 

intermediate and deep forms. Highest percentages of these 

forms occur to the south of site 470. To the north, they are 

completely absent or of only slight importance (<5%) to the 

faunal assemblage at each site. It appears as though these 

forms constitute, in general, a dominantly Eastern Tropical 

assemblage during this time. The northward extent of their 

dominance reaches to site 473 suggesting once again the 

presence of some sort of oceanic boundary in this area. 

Intermediate and deep forms show a compliment distribution 

in that percentages of these forms decrease dramatically 

south of site 473 suggesting a very much diminished 

influence of the California Current. 

Evidence of the effect of warm Subtropical Gyre waters 

on these sites is illustrated most noticeably by sites 33 

and 173« These two sites occupy approximately the same 

latitude though site 33 is located some 200 km to the west 

of site 173» Thus, site 33 would be expected to exhibit a 

greater influence of Gyre water than would site 173* This 

is, in fact, the case as site 33 is characterized by a 

greater abundance and percentage of symbiotic and other warm 

water forms. Conversely, a greater percentage of 

transitional and intermediate and deep water forms was found 

at site 173 indicating a greater influence of the 

paleo-California Current there. Wigley (1985) observed a 
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similar trend in her studies of the 5» 8, and 10 Ma time 

planes at these sites. 

The moderately high abundances and percentages of warm 

water forms at all northern sites conforms with the works of 

Ingle (1973)» Barron (1973)» Shackleton and Opdyke (1977)» 

Keller (1979) and others who suggest that the early to 

middle Pliocene represents a particulary warm time in North 

Pacific paleoceanographic history. Other authors (Shackleton 

and Kennett, 1975» Shackleton and Cita, 1979) refer to the 

early and middle Pliocene, in general, as a "preglacial" 

episode during which conditions were warm and remarkably 

stable. 

One suggestion to account for this is that exceptionally 

strong input from the paleo-Kuroshio Current to the North 

Pacific Drift resulted in warmer sea surface temperatures, 

relative to the late Pliocene, in the northeastern Pacific. 

Romine (in press) speculates that this was perhaps the case 

at the 8 Ma time plane where she finds an expanded 

distribution of tropical and subtropical radiolarian 

assemblages in the North Pacific. She states that, at this 

time, westward flow of Atlantic water through the Central 

American Seaway may have disrupted eastward flow of warm 

water by the Equatorial Countercurrent. Consequently, a 

diversion of this warm water into the northward flowing 

paleo-Kuroshio Current resulted in increased transport and 
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possible expansion of the Subtropical Gyre and warmer sea 

surface temperatures for the North Pacific as a whole. 

By the 3.0-3.5 Ma time frame, the Central American 

Seaway was all but completely closed to flow from the 

Atlantic (Saito, 1976; Keigwin, 1978). As a result, the 

Equatorial Countercurrent presumably initiated its role as 

an avenue for the escape of warm water from the western 

Equatorial Pacific. Some indication of its influence can be 

seen from the great abundances of intermediate and deep 

water radiolarians found at site 77B suggesting vigorous 

upwelling along the Equatorial Divergence. Transport of warm 

waters to middle and higher* latitudes via the western 

boundary currents would at this point, have been reduced. In 

order to produce the observed warm water radiolarian imprint 

at northern sites in this study, some additional mechanism 

must be called upon to produce any increased transport of 

warm water to the northeastern Pacific. 

Closure of the Central American Seaway is generally 

thought to have caused a progressive cooling of the subpolar 

regions and the subsequent initiation of northern 

hemisphere glaciation (Kennett, 1982). It has also been 

suggested that, in conduction with a high latitude cooling, 

a warming of the tropics also occurred (Valentine, 1984). 

The resultant reorganization of equatorial circulation and 

the creation of a more thermally stratified tropical ocean 

may have created a set of conditions uniquely suitable for 
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the development of El Nino events as they are known today. 

El Ninos are, in essence, a very effective mechanism by 

which excess quantities of heat stored in the 

ocean/atmosphere of the western Pacific may be episodically 

redistributed about the globe. 

If the Romine (in press) thesis is correct, it follows 

that prior to the closure of the Central American Seaway, 

redistribution of heat from the western Pacific was 

primarily accomplished by the poleward transport of warm 

water via the western boundary currents. Once the 

Atlantic/Pacific surface water communication was terminated 

and a reduction in the transport of the western boundary 

currents occurred, removal of excess heat from the western 

Pacific would have then been assisted through increased 

transport in the Equatorial Countercurrent. Continuance of 

eastward flow to the Atlantic would have been barred by the 

Panamanian Isthmus and as a result, warm water returning 

from the western Pacific would have been diverted north and 

south along the eastern Pacific margin. Curing times of 

enhanced eastward flow at the equator, it seems likely that 

northward transport of warm water along the northeastern 

Pacific margin would have been enhanced as well, much the 

same as happens during El Nino events of the present day. 

Thus, it is possible that the warm water imprint observed in 

the radiolarian faunas at northern sites in this study 

represents a period of enhanced eastward flow at the 
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equator. More likely, it may represent a period 

characterized by frequent episodes of enhanced eastward flow 

similar to the El Nino events of the present day. This would 

imply that sea surface temperatures of the North Pacific as 

a whole may well have been cool over the long term, but that 

a greater frequency of El Nino-like events may have 

effectively masked its detection. Of course, a single 

interannual climatic event such as an El Nino is extremely 

hard to detect in the fossil record. Even with the proper 

chr ono stra tigra phic resolution, a greater frequency of El 

Nino events would be hard to differentiate from other 

climatic variations such as those induced by Milankovitch 

cycles. 

An alternate and perhaps synergetic explanation for the 

observed warm character of the radiolarian faunas at the 

northern sites might be related to shifts in the relative 

position of the Subtropical Gyre. The effect of the 

Subtropical Gyre is seen quite clearly from the comparison 

of offshore site 33 and nearshore site 173» High abundances 
/ 

of warm water forms at these sites and at site 34 (fig* 19) 

may indicate that the Subtropical Gyre or at least its 

eastern boundary occupied a more eastern position at this 

time. This would also account for the increased number of 

symbiotic radiolarians at these sites relative to slightly 

southern sites (fig. 19). A causal mechanism behind such a 

shift might be a strengthening and/or southward shift of the 
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westerlies in response to global cooling brought on by the 

severance of the Atlantic/Pacific circulatory connection. 

Other episodes of earth history characterized by global 

cooling such as the late Oligocene/early Miocene thermal 

isolation of Antarctica (Kennett, 1977) and the late 

Pliestocene maximum in northern hemisphere glaciation 

(CLIMAP, 1976) have been accompanied by enhanced surface and 

deep water ocean circulation. Presumably, enhancements in 

surface circulation would be associated with and ultimately 

driven by increased activity in atmospheric circulation. 

Hence, steepening of the latitudinal thermal gradient 

brought on by closure of the Central American Seaway might 

have resulted in an intensification of the westerlies and 

perhaps a landward shift of the eastern boundary of the 

Subtropical Gyre. A more southerly position of the 

westerlies may have also been effected by global cooling as 

cooler temperatures at high latitudes might well have been 

accompanied by southward migration of mid to high latitude 

atmospheric isobars. Such a shift may then have resulted in 

the westerlies pushing increased quantities of warm gyre 

surface waters eastward at the expense of eastward transport 

of transitional and subarctic surface waters. Though it 

seems likely that high latitude cooling would similarly 

shift sea surface isotherms southward and so the "ratio” of 

warm and cold waters transported by the westerlies would be 

maintained 
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A more eastern position of the Subtropical Gyre would 

also be in line with the suggestion of a greater frequency 

of El Nino-like events at this time. In a previous section, 

it was stated that during the 1982-83 Californian El Nino, 

enhanced onshore transport from the west or the Subtropical 

Gyre was partly responsible for the elevation of sea surface 

temperatures in the California Current region. In addition, 

the westerlies were observed to intensify and shift 

southward during the 1982-83 El Nino (Salstein and Rosen, 

1984) . Perhaps the suggested eastward shift of the 

subtropical gyre due to intensification of the westerlies 

can be attributed to a greater frequency of El Nino 

conditions at this time. Favorable to such a model is the 

fact that variations in the intensity and/or latitudinal 

position of the westerlies due to El Nino events would 

require no long term readjustments of atmospheric and 

oceanographic circulation contrary to gradual climatic - 

cooling. So, it is possible that during the 3.0-3.5 Ma time 

frame, the Subtropical Gyre had, more often than not, an 

increased influence over the northern portion of the study 

area. Though, it is somewhat unsettling that a similar 

effect should not be evident at more southern offshore 

California sites as well. For this reason, it is suggested 

that the predominant source of warmer waters was from the 

south at this time. 
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Additional evidence of the effect of northward transport 

of warm waters from the Eastern Tropical Pacific is given by 

the distribution of one of the three spongasterid species 

encountered in the plankton tows. The spatial distribution 

of Spongaster pentas as exhibited in the three series of 

plankton tows led to the suggestion that it is primarily an 

Eastern Tropical Pacific species. It is likely that the 

range of £[. pentas has been equally limited as least as far 

back as its reported "extinction" at the 3«4 Ma time plane 

(Theyer, et al., 1978). The evolutionary history of S^. 

pentas is quite an interesting story in itself and merits 

further detailed discussion. For now though, it can be 

considered with some confidence as a dominantly Eastern 

Tropical Pacific species. Within the 3«0-3.5 Ma time frame, 

£3. pentas is found to occur in greatest abundance at site 

77B (fig. 21). It occurs in progressively decreasing 

abundances at more northern sites and extends as far to the 

north as site 173. Should this be a accurate indication of 

of the extent of northward transport of Eastern Tropical 

Pacific waters, it suggests a very strong influence indeed. 

Elevated sea surface temperatures during the 1982-83 

Californian El Nino were detected as far north as Newport, 

Oregon (Huyer, 1983) so it does not seem unreasonable, given 

the uniformitarian view, that S^. pentas could range as far 

north as site 173 during the 3»0-3»5 Ma time frame. 
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Figure 21: The distribution of spongasterids observed from 

sample material is expressed in number of radiolarians / 

gram sediment, there are increasing numbers of both species 

to the south. Spongaster pentas occurs as far north as site 

173 



FIGURE 21 
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The distinct occurrence of an oceanic frontal zone near 

sites 471 and 476 further indicates that the Eastern 

Tropical Pacific was fairly well developed as an oceanic 

provinance at this time. The location of this boundary at 

approximately 23° N corresponds to the approximate position 

of the frontal zone today. Had transport within the 

Subtropical Gyre been enhanced at this time, the position of 

this front would likely have been somewhat to the south due 

to an expansion of the subtropics and an intensification of 

circulation in the transitional region. Romine (in press) 

places the front at 21° N during the 8 Ma time plane and 

suggests a greater penetration of the California Current to 

the south of its modern limit. Conversely, its position at 

23° N during 3*0-3.5 Ma indicates a more northern influence 

of' the Eastern Tropical Pacific and perhaps somewhat 

diminished southward transport in the transitional region. 

An interesting sidelight to this study has been the 

discovery of Spongaster pentas alive in the Pacific today. 

Although this species is known to be alive today in the Gulf 

of Mexico (McMillen and Casey, 1S76), it was thought to have 

been extinct from the Pacific since 3*4 Ma . Investigation 

into the evolutionary history of S^. pentas has led to some 

unique insights on the development of its biogeographic 

range and the evolution of the Eastern Tropical Pacific 

biotic province. Prior to its reported "extinction” at 3*4 

Ma, this species maintained a sufficiently broad geographic 
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range as to warrant its usage in a low latitude Cenozoic 

b io s tr a t igra phic zonation (Riedel and Sanfilippo, 1S78). 

Post 3 • 4 Ma, its range had constricted to such an extent 

that it was considered to have died out in the Pacific based 

on the data available. All occurrences of pentas in 

younger sediments were considered to be the result of 

sediment reworking. For instance, Dinkleman (1973) reports 

S^. pentas in Quaternary age sediments from the Panama Basin 

(fig. 22) and concludes that its occurrence at this level in 

the section is the result of reworking processes. Of course 

S^. pentas never really did die out. But, such a conclusion 

is understandable as he does not appear to be the most 

common radiolarian alive today in the Eastern Tropical 

Pacific by any means. It was only by good fortune that a 

number of individuals were captured in the DOCA net tows 

examined as part of this study. 

Figures 23a and b are plots of the first and last 

reported occurrences (described as reworked or otherwise) 

respectively of £[• pentas in the North Pacific. They are a 

result of a compilation of a number of radiolarian studies 

of sediment cores recovered from various DSDP legs (Table 

2). Approximate absolute ages of these occurrences were 

estimated through the use of correlative nannofossil 

stratigraphies of the individual sites (Table 3) and the age 

dates of Bukry (1973b). Some of these occurrences may indeed 

be the result of downcore contamination or sediment 
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Figure 22: Occurrences of Spongaster pentas in a section 

cored at DSDP site 157 in the Eastern Tropical Pacific 

(after Dinkleman, 1973) are shown. S_. pentas occurs in 

Pliocene through Quaternary age sediments in the Eastern 

Tropical Pacific 
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Figure 23a & b: The ages of first (23a) and last (23b) 

occurrences of Spongaster pentas in sections cored by the 

Deep Sea Drilling Project in the North Pacific are plotted. 

Occurrences are reported in the published radiolarian 

biostratigraphies of each DSDP site. Occurrences are listed 

by DSDP site and age in millions of years before present. 

Observe that Spongaster pentas is broadly distributed about 

the North Pacific by at least 5 Ma. At approximately 4 Ma, 

its range begins to contract; first to the tropical regions 

and then to the Eastern Tropical Pacific. By 3 Ma, S. pentas 

is only found in the Eastern Tropical Pacific where it is 

found in the plankton today. Anomalously late last 

occurrences at sites 310, 462, and 167 may be due to the 

physical isolation of the Subtropical Gyre 



FIGURE 23a 

FIGURE 23b 
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TAELE II 

DSDP POSITION IN POSITION IN RADIOLARIAN 
SITE CORE OF FIRST CORE OF LAST BIOSTRATIGRAFHY 

REPORTED REPORTED 
OCCURRENCE OCCURRENCE 

62 62.1-18-5 (84-86) 62.1-9-4 (10-12) RIEDEL, ET AL, 1571 
63 63.2-3-CC 63-3-CC RIEDEL, ET AL, 1571 
64 64•0-2-CC 64.0-2-1 (20-22) RIEDEL, ET AL, 1971 
71 71-4-1 (81-83) 71-2-4 (81-83) MOORE, 1571 
72 A 72A-6-CC 72A-4-CC MOORE, 1571 
73 73-7-3 (81-83) 73-6-1 (81-83) MOORE, 1971 
157 157-36-3 (123-125) 157-1-3 (1-10) DINKLEMAN, 1973 
158 158-11-3 (114-116) 156-4-3 (123-125) DINKLEKAN, 1973 
167 167-3-3 (80-82) 167-2-CC MOORE, 1973 
310 310-7-5 (124-126) 310- 3-1 (130- 132) FOREMAN, 1575 
315 315A-1-1 (70-72) 315-4-2 (90-52) JOHNSON, 1976 
438A 438A-43-6 (100-102) 438A-25-3 (24- 26) REYNOLDS, 1980 
462 462-4-1 (145-147) 462-1-6 (62-64) SANFILIPPO, ET 

AL, 1981 
488 48S-5-CC 48S-5-CC MCMILLEK, 1562 
4S0 4S0-48-CC 490-2-1 (78-80) MCKILLEN, 1962 
4S1 491-40-CC 491-5-2 (70-72) MCMILLEN, 1582 
492 4S2A-10-CC 452-3-CC MCMILLEN, 1982 
4S3 493-8-CC 493-5-CC MCMILLEN, 1582 

TAELE III 

DSDP SITE COCCOLITH BIOSTRATIGRAFHY 

62 BUKRY, 1971a 
63 BUKRY, 1971a 
64 BUKRY, 1571a 
71 BUKRY, 1971b 
72 BUKRY, 1971b 
73 BUKRY, 1971b 
157 BUKRY, 1973b 
158 BUKRY, 1973b 
1 67 ROTH, 1 973 
310 BUKRY, 1575 
315 MARTINI , 1576 
438A SHAFFER , 1980 
462 THIERSTEIN & MANIVIT, 19 
488 STRADNER & ALLRAM, 1582 
490 STRADNER & ALLRAM, 1982 
491 STRADNER & ALLRAM, 1582 
492 STRADNER & ALLRAM, 1582 
493 STRADNER & ALLRAM, 1582 
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reworking as the case may be, though a few generalizations 

seem to be apparent. It appears as though pentas was 

broadly distributed about the Pacific at least as early as 5 

Ma and possibly as early as 6 Ma (fig. 23a). At 

approximately 4 Ha, its range begins to contract (fig. 23b). 

Its last occurrence at site 438 in the northwestern Pacific 

is approximately 4*2 Ma. Between 4*0 and 3*0 Ma, it is found 

to occur only within the tropical region and along the 

eastern Pacific margin as evidenced by its observed 

distribution in this study (fig. 21). Post 3.0 Ma, it has 

apparently been restricted to its present modern day 

distribution within the Eastern Tropical Pacific except for 

episodic radiations possibly due to El Nino events. It is 

also reported to occur as late as 0.9 Ma at site 310 located 

within the Subtropical Gyre. This may be the result of 

sediment reworking though more interestingly, it may be a 

result of conditions peculiar to the central portion of the 

Subtropical Gyre as will be discussed shortly. 

Since the late Oligocène development of circum-polar 

circulation in the southern hemisphere (Kennett, 1977)» 

progressive climatic detioration has taken place on a global 

scale. A gradual emergence of the Panamanian Isthmus during 

the late M i o c e n e / ea r 1 y Pliocene (Keigwin, 1982) and the 

final destruction of this ancient seaway in middle Pliocene 

time set the stage for the next major climatic event; the 

development of glaciation in the northern hemisphere. 
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Synchronous with this cessation of inter-oceanic equatorial 

communication was the evolution and gradual biogeographic 

restriction of p e n t a s ♦ Surely this was not just mere 

coincidence and that the species was essentially adjusting 

to the changing oceanographic conditions of the time. 

Species under écologie pressures "adapt" to changing 

environmental conditions in various ways. They may either 

become more tolerant of new conditions, migrate or become 

restricted to regions within their écologie tolerance, or 

evolve. The latter two alternatives seem to be the most 

common reflex and it appears as though the spongaster 

lineage has done just that. Consider the following scenario: 

As the middle and higher latitudes gradually cooled 

during early and middle Pliocene in response to the gradual 

destruction of the Central American Seaway, S^. pentas could 

no longer tolerate conditions in the subtropical and higher 

latitude Pacific. By early Pliocene, its range had become 

restricted to only the tropical regions. Through the 

evolution of _S. pentas to £3. tétras tétras at approximately 

3.6 Ma (Theyer, et al., 1S78), a new species (subspecies?) 

which was more tolerant of cooler conditions in the 

«ubtropics appeared to take its place. The radiation of S^. 

tétras tétras to higher latitudes was probably effected by 

the poleward flowing paleo-Kuroshio Current. Sometime later, 

the evolution of S^. tétras irregularis occurred, presumably 

from S. tétras tétras stock, and this species (subspecies?) 
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was able to withstand, the even more variable conditions of 

the transitional region. 

The species designation of these three spongasterids is 

questioned as it may be that their morphological differences 

are more a result of environmental influence than discreet 

variance in genetic constitution. The continual transport of 

the parent species into higher latitudes by the 

pa 1 e o - Kur o s hi o Current may have led to the development of 

environmentally influenced morphological adaptations which 

resulted in an additional ecophenotypic form. The continual 

transport of this form, S_. tétras tétras, into higher 

latitudes may have led to a similar result, the development 

of S^. tétras irregularis. It may at some point be possible 

to test the effect of such ecophenotypic selection on 

spongasterid morphology if and when it becomes possible to 

culture them in the laboratory. Cultures kept in warm 

temperatures might yield a predominance of pentoid forms, 

temperate cultures a predominance of tetroid forms, and cold 

cultures might yield a predominance of irregularoid forms. 

Meanwhile, the range of S^. pentas became increasingly 

restricted to the Eastern Tropical Pacific. This was perhaps 

due to continued high latitude cooling affecting even the 

tropical regions or, alternatively, due to a warming of the 

tropics. Valentine (1S84) states that current isotopic 

pa 1e0temperature data from low latitudes suggests that 

tropical temperatures actually rose throughout the Neogene 



134 

and that many species were dispersed into the eastern 

Pacific "seeking" slightly cooler temperatures at this time. 

This latter hypothesis seems most logical with regard to S. 

pentas as tropical and subtropical species ultimately 

"seeking" warmest temperatures would presumably be most 

abundant today in the Western Tropical Pacific. A planktonic 

"Goldilocks", S_. pentas may have indeed, "found" the 

Subtropical Pacific too cold, the Western Tropical Pacific 

too warm, but the Eastern Tropical Pacific just right! 

Its singular occurrence in the center of the Subtropical 

Gyre as late as 0.9 Ma (fig. 23b) may indicate that the 

central Gyre was perhaps the last area of the Subtropical 

Pacific to feel the affects of northern hemisphere cooling. 

Such speculation is not too unreasonable as this is today an 

oceanographically isolated region characterized by 

exceptional physical stability (McGowan, 1974)* Hence, 

species whose ranges are temperature dependent might have a 

longer survivability in the event of climatic cooling within 

the insulating confines of the central Subtropical Gyre. 

The progressive quasi-isolation of the Eastern Tropical 

Pacific region from the rest of the Pacific was a direct 

response to the gradual emergence of the Panamanian Isthmus 

and resulted in its development as a kind of backwater eddy 

with its own physio-chemica1 and biological character. 

Romine (in press) states that an Eastern Tropical Pacific 

radiolarian fauna was not in evidence at the 8 Ma time plane 
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nor had one developed by the 5 Ma time plane (Wigley, 1S65). 

The b i o g e o g ra p h i c history of S. penta s is one indication 

that the Eastern Tropical Pacific eventually attained by 

middle Pliocene time, sufficient uniqueness in terms of 

physical and chemical conditions, to foster the development 

of its own endemic radiolarian fauna (and perhaps other 

planktonic flora and fauna as well). In addition, it may 

also indicate that the reorganization of equatorial 

circulation brought on by closure of the Central American 

Seaway was essentially complete. At this juncture, the 

tropical Pacific ocean/atmosphere system was perhaps for the 

first time beginning to release its excess energy in the 

form of El Nino 
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SUMMARY AND CONCLUSIONS 

In introducing this manuscript, several questions were posed 

concerning variability in the California Current system and 

its relation to the most recent 1982-83 El Nino event. In 

addition, a number of questions were raised concerning the 

paleoceanographic significance of El Nino and the inception 

of its role in Pacific climatic processes. The bulk of this 

study has dealt with the first set of these questions by way 

of observing how a particular group of marine microplankton, 

the polycystine radiolaria, responded to the 1982-83 El Nino 

event in the waters off the coast of southern California. 

A necessary prerequisite to understanding radiolarian 

distributions observed during the 1982-83 El Nino event was 

the characterization of "normal" distributional trends to 

the south and west of the primary study area. These 

preliminary studies included the study of microplankton tows 

taken along cruise transects between Long Eeach, California 

and Hawaii; and San Diego, California and Panama, during 

January and November 197S respectively. 

From these m i c r o p 1 a nk t o n tows, it was determined that 

total microplankton biomass decreases overall to the west of 

the primary study area. Total radiolarian standing crops and 

diversity increase to the west. Standing crops of cold water 

radiolarians decrease substantially at a distance of about 

700 km offshore and radiolarians hosting algal zooxanthellae 
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increase in number and importance to the total radiolarian 

assemblage in tows sampling waters of the central gyre 

region. They are in fact, the dominant group in these waters 

though only marginally. 

Total microplankton biomass increases to the south of 

the primary study area and total radiolarian standing crops 

and diversity decrease overall to the south. Symbiotic 

radiolarians increase in their importance to the radiolarian 

fauna as a whole to the south and are observed to 

overwhelmingly dominate the total assemblage in eastern 

tropical Pacific waters. The inverse relationship observed 

between microplankton biomass and radiolarian standing 

crops on both transects suggests that radiolarians are 

better suited to mesotrophic to oligotrophic conditions and 

so are an ideal plankton group to work with in studies of El 

Nino phenomena. 

One particular generic group of radiolarians, the 

spongasterids , exhibit a fairly good biogeographic 

distributional affinity on the southern tow transect. 

Spongaster tétras irregularis was observed to be the 

dominant spongasterid in California Current waters and is 

herein considered to be indicative of such. Spongaster 

tétras tétras was observed to be the dominant form in the 

central portions of the transect and is herein considered a 

central water indicator. Spongaster pentas, a third species 

variant which is widely considered to have been extinct in 
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the Pacific since 3*5 Ma, was observed to be the dominant 

spongasterid in eastern tropical Pacific waters and is 

herein considered indicative of such. 

Three microplankton tow transects were completed during 

July, August, and November of 1963 a'long CalCOFI 

oceanographic line SO in the California Eorderland. This 

collection of tows was used to characterize the radiolarian 

response to the 1982-83 El Nino event in terms of the same 

distributional parameters used in the preliminary 1979 

studies. 

Microplankton biomass was observed to increase offshore 

during July and August and was somewhat elevated relative to 

1979 values. These elevated values are most likely due to 

the normal seasonal increase in productivity and advection 

into this area during the summer months since values 

observed during the November period are less than or equal 

to that observed in the 1 979 studies. Total radiolarian 

standing crops were.seen to increase to the west during all 

three time periods sampled and most importantly, standing 

crops of all environmental groups were substantially 

elevated compared to 1979* Similarly, radiolarian diversity 

was also seen to increase to the west during all three time 

periods and was substantially elevated compared to 1979. 

During August and November, time periods for which there 

was good areal coverage, variations in the compositional 

character of the radiolarian fauna in terms of environmental 
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groups were apparent. Nearshore tows exhibited an 

overwhelming dominance of the symbiotic group whereas 

offshore tows exhibited an only marginal dominance of the 

symbiotic group. During August, cold water groups, most 

notably the transitional water group, constituted a greater 

percentage of the total fauna relative to other sampling 

periods. 

All three species variants of the spongasterid group 

were observed during the sampling periods. Spongaster tétras 

tétras was the sole species present in all July tows. 

Spongaster pentas was the dominant spongasterid found in all 

August tows and Spongaster tétras irregularis was the 

dominant form found in all of the November tows. 

All of these anomalous observations can be related to 

the recent oceanographic literature describing the 1582-83 

California El Nino event. These papers discuss the 

occurrence of El Nino induced onshore transport from the 

west and south (Simpson, 1S83> 1584)» enhanced northward 

transport in the California Countercurrent (Lynn, 1SS3)> and 

an eastward shift of the low salinity core of the California 

Current (McGowan, 1$84)« 

Eastward and northward invasion of waters from the 

central gyre, an area of high radiolarian standing crop and 

diversity, accounts for such characteristics as well as the 

sole presence of Spongaster tétras tétras in southern 

California borderland waters during July 1SS3. Invasion of 
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waters from the central gyre and an enhanced countercurrent, 

tapping waters of the Eastern Tropical Pacific during August 

1983» account for the elevated standing crops and 

diversities, the dominant presence of Spongaster pentas, the 

overwhelming dominance of the symbiotic group nearshore, and 

the marginally dominant symbiotic group offshore. The 

relatively high percentages of cold water forms during 

August are somewhat perplexing though the reported eastward 

shift of the California Current core may account for this 

anomaly within an already anomalous radiolarian fauna. 

Continued presence during November of central gyre waters 

offshore and eastern tropical Pacific waters nearshore may 

again account for the radiolarian faunal character at this 

time although the dominant presence of Spongaster tétras 

irregularis indicates a stronger presence of the California 

Current and perhaps at long last, a dampening of the effects 

of El Nino. 

In summary, the radiolarian faunas observed in the waters 

off the coast of southern California responded to the 

1982-83 El Nino event in the following ways; 

1) Faunas indicative of oceanic regions to the south and 

west were observed to invade the borderland region with 

their associated water masses. 

2) The total diversity of the radiolarian assemblage became 

elevated in réponse to an onshore shift of waters supporting 

a more diverse radiolarian fauna. 
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3) The total standing crops of all environmental groups 

increased as a result of an onshore shift of waters 

supporting a greater radiolarian standing crop. 

As a result of observed radiolarian responses to the 

1S82-83 California El Nino, a study of northeastern Pacific 

radiolarian distributions at approximately 3«0 - 3.5 Ma was 

made. The intent of this study was to learn whatever 

possible about the significance of El Nino at that time. 

Core samples from Deep Sea Drilling Project sites ranging 

from the Bering Sea to the equator were analyzed for 

radiolaria. Although preservational problems and a lack of 

detailed stratigraphic resolution hamper a study of this 
% 

kind, a number of important observations were made. 

Highest radiolarian densities and high diversities were 

observed at the équatorial sites. The symbiotic group was 

the most important group in terms of percentages at these 

sites. High densities and highest diversities were observed 

at the northern sites 173 and 33. Warm water species were 

abundant at these sites and surprisingly constituted a large 

percentage of the total fauna. South of these sites, the 

«umber and percentage of all cold water forms is seen to 

decrease overall whereas the percentage of all warm water 

forms is seen to increase overall. 

The effect of the subtropical gyre waters can be seen in 

a comparison of these two northern sites. The western site 

33 exhibits a greater number and percentage of symbiotic 
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forms whereas the eastern site 173 exhibits a greater number 

and percentage of transitional and intermediate and deep 

water forms. 

Evidence of an oceanic frontal zone in the area off 

present day southern Baja California is seen in a secondary 

peak in diversity at sites 471 and 476, a marked decrease in 

the percentage of intermediate and deep water forms south of 

site 473» and a marked increase in the percentage of 

symbiotic forms south of site 47C. In addition, the 

symbiotic group is seen to be the dominant group south of 

site 473 suggesting strongest influence of eastern tropical 

Pacific waters to the south.of this site. 

The surprisingly large number and percentage of warm 

water radiolarians at the northern sites 173 and 33 and even 

at site 185 suggest that this particular time in 

paleoceanographic history was a fairly warm one compared to 

the later Pliocene, a suggestion the current literature 

supports. A couple of hypotheses are proposed to account for 

this though the data presented herein seem to support one 

more favorably. Frequent El Nino episodes are suggested to 

have produced the observed warm water radiolarian imprint at 

the northern sites. The occurrence of Spongaster pentas, a 

predominantly eastern tropical Pacific species, as far north 

as site 173 and a fairly strong nearshore influence of the 

subtropical gyre at site 33 are the main lines of evidence 

here 
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It is important to note that this suggestion seems to 

imply that ocean-wide latitudinal shifts in climatic regimes 

may not be entirely necessary to account for latitudinal 

shifts in the distributions of tropical, subtropical, and 

subarctic microfossil assemblages as has been reported by 

other workers. A greater or lesser frequency of El Nino 

events may be satisfactory to explain such shifts. But of 

course, detailed stratigraphic resolution is necessary to 

discern the imprint and significance of interannual climatic 

events such as El Nino on the sedimentary record. This may 

ultimately prove to be impossible. An individual DSDP core 

plug one centimeter in diameter represents anywhere from one 

to one hundred thousand years or more of stratigraphic time. 

All kinds of short term climatic cycles from Milankovitch 

cycles to "greenhouse" effects may have had significant 

control on this bit of geologic history. The evidence 

presented here is, admittedly, very inconclusive but the 

suggestion of El Nino induced warm water episodes is a 

relatively new one and merits further investigation. It is 

not yet an idea which has outlived its utility. 

Perhaps the most novel result of this study of 

radiolarian distributions and El Nino has been the discovery 

of Spongaster pentas alive in the Pacific today. The use of 

this species as a b io s tr a t i g ra p h i c marker allowed a 

compilation of the stratigraphic position of S_. pentas1 

first and last occurrences in a number of Deep Sea Drilling 
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Project cores recovered from the North Pacific. Spongaster 

p e n t a s was broadly distributed about the North Pacific by 

about 6 Ma. Beginning at about 4 Ma, its range is seen to 

contract and by about 3 Ma it is restricted to only the 

Eastern Tropical Pacific. The gradual range restriction of 

this species is suggested to be a result of gradual climatic 

cooling brought on by the gradual closure of the Central 

American Seaway. Further, the evolution of its close 

relatives, S p o n g a s ter tétras tétras and Spongaster tétras 

irregularis , is considered to be a response to this same 

cooling trend with the two species variants filling the 

écologie niches vacated by pentas. 

Gradual restriction of j3. pentas to the Eastern Tropical 

Pacific is one indication that this region had, by middle 

Pliocene time, evolved into a fairly unique oceanic province 

with its own distinctive physio-chemical characteristics. 

This would seem to suggest that tropical circulatory 

patterns had by then attained their present day 

configuration. It stands to reason then that at this point, 

the stage was finally set for the onset of the modern day El 

Nino 
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FORTRAN PROGRAM FOR CALCULATING TOW EISTANCE AND 
AMOUNT OF WATER FILTERED EY A DUCA NET TOW APPARATUS 
IN AREAS NORTH OF EQUATOR AND BETWEEN 0 AND 180 
DEGREES WEST LONGITUDE 
THETA = COLATITUDE FROM NORTH POLE 
PSI=LONGITUDE 
DELTA = ANGULAR DISTANCE BTWXT POINTS 
D = DISTANCE OF TOW IN METERS 
N = HUMBER OF NET TOWS 
VOLUM - VOLUME OF WATER FILTERED IN CUBIC METERS 
C = CIRCUMFERENCE OF THE EARTH 
HOLE = AREA OF NET TOW APERATURE 
REAL LAT1,LAT2,L0NG1,LONG2 
C=2*3.14159*6378140. 
HOLE-3.14159*(.01**2) 
READING IN DATA 
READ(5,*) N 
WRITE(6,5) 

5 FORMAT(6X,' BEGIN T0W',18X* END T0W',12X,' 
CDISTANCE*,5X,’ VOLUME FILTERED') 
DO 50 1-1, N 
READ(5 t *) LAT1,LCNG1,LAT2,L0NG2 
CALCULATE INITIAL AND TERMINAL COORDINATES IN 100 
TH'S OF DEGREES 
LATITUDE OF INITIAL POINT 
P =LAT1 
11 -P 
U1-P-I1 
V1=100.*U1 
W1-V1/60. 
P=W1+I1 
LONGITUDE OF INITIAL POINT 
Q=L0NG1 
J1-Q 
X1=Q-J1 
Y1=100.*X1 
Z1=Yl/60. 
Q=Z1+J1 
LATITUDE OF TERMINAL POINT 
R-LAT2 
12-R 
U2=R-I2 
V2=100.*U2 
W2=V2/60. 
R=W2+I2 
LONGITUDE OF TERMINAL POINT 
S=L0NG2 
J2=S 
X2=S-J2 
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Y2=100. *X2 
Z2=Y2/60. 
S=Z2+J2 
CALCULATING DISTANCE IN METERS 
THETA1=(90.-P)*3.14159/180. 
PSI1=(360.-Q)3.14159/180. 
A1=SIN(THETA1)*C0S(PSI1) 
B1=SIN(THETA1)*SIN(PSI1) 
C1=C0S(THETA1) 

THETA2*(90.-R)*3.14159/180. 
PS12=(360.-S)*3.14159/180. 

A2=SIN(THETA2)*C0S(PSI2) 
B2=SIN(THETA2)*SIN(PSI2) 
C2=C0S(THETA2) 
SUB=A1*A2+B1*B2+C1*C2 
DELTA=ARCOS(SUB)*180/3.14159 
PART =DELTA/360. 

IF(PART.LE.0.00015) PART=0.0 
D =C*PART 
CALCULATING VOLUME OF WATER FILTERED 
VOLUM=D*HOLE 
PRINTING AND FORMAT 
WRITE(6,10)I1, V1,J1,Y1,12,V2,J2,Y2,D,VOLUM 

10F0RMAT(I3,1X.F5.2, ' N ' , 2X, 13,1X, F5.2, » W*,-2X,I 
C1X,F5.2,' N',2X,I3,1X,F5.2, ' W*,2X,F12.2,5X,F1 

50C0NTINUE 
STOP 
END 

O
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APPENDIX II 

SYSTEMATIC, TAXONOMIC, AND ENVIRONMENTAL REMARKS 

A partial synonomy of all of the radiolarian taxa 

encountered in this work is presented here. This includes 

references to the original descriptions and references to 

illustrated publications used to identify each taxa. The 

classification is essentially the same as Nigrini and Moore 

(197S) and Nigrini and Lombari (1S84) with the notable 

exception of the Collosphaeridae. These taxa follow the 

classification of Strelkov and Reshetnyak (1S71). Also 

included are environmental interpretations which are 

primarily those of Wigley (1985) and are based on the 

methods of Casey, et al (1979b, 1983) which are discussed in 

detail in the methods section. Occurrences listed refer to 

plankton tow and sediment samples used in this work and are 

listed alphanumerically corresponding to sample transect and 

sample number as follows: H1 = January 1979 plankton tow 

transect from Long beach to Hawaii - tow #1; P1 = November 

1979 plankton tow transect from San Diego to Panama - tow 

#1; ENJ1 = July 1983 plankton tow transect along CalCOFI 

Line 90 - tow #1; ENA1 » August 1983 plankton tow transect 

along CalCOFI Line 90 - tow #1 ; ENN1 = November 1983 

plankton tow transect along CalCOFI Line 90 - tow #1 ; DSDP 

33 = Transect of Deep Sea Drilling core samples - site 33* 
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APPENDIX II 

Phylum PROTOZOA 

Class ACTINOPODA 

Subclass RABIOLARIA Muller 1858 

Superorder POLYCYSTINA Ehrenberg 1838, 

emend. Riedel, 1967 

Order SPUMELLARIA Ehrenberg 1875 

Spumellarian group A 

Comment: Individuals which could not be identified further 

were counted here. 

Occurrences: H7» H11 

Family COLLOSPHAERIDAE Muller 1858, 

emend. Riedel and Sanfilippo,1971 

Comment: Collosphaerids are predominantly shallow warm water 

sphere radiolarians which live colonially or as solitary 

individuals. Commonly, they are found to host symbiotic 

zooxanthellae and may derive much of their nutritional needs 

from this association. Collosphaerids are usually enhanced 

in the oligotrophic gyres and the very eutrophic Eastern 

Tropical Pacific. 

Collosphaerid group A 
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Comment: Individuals which could not be identified further 

were counted here. 

Occurrences: H8, H13; ENN7 

Genus ACROSPHAERA Haeckel 18S1 

Comment: External spines. No internal spines 

Acrosphaerid group A 

Comment: Individuals which could not be identified further 

were counted here. 

Occurrences: DSEP 33, 310 

Acrosphaera collina Haeckel 

pi. 1, fig.1 

Acrosphaera collina Haeckel, 1887, p. 101,pi. 8, fig. 2 

Environment: WWS Symbiotic 

Occurrences: ENA6 

Acrosphaera flammabunda (Haeckel) 

pi. 1, fig. 2 

C ho e n i c o s p ha e r a flammabunda Haeckel, 1887, p. 103, pi. 8, 

fig. 5 

Acrosphaera flammabunda (Haeckel) Popofsky, 1S17, p. 253, 

fig. 16 

Environment: WWS Symbiotic 

Occurrences: P2, P14, P16 



Acrosphaera lappacea (Haeckel) 

pi. 1, fig. 3 
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Xanthiosphaera lappacea Haeckel, 1887» p. 120, pi. 8, figs. 

8-11 

Acrosphaera lappacea (Haeckel) Strelkov and Reshetnyak, 

1971, p. 342, pi. 6, fig. 44 

Comment: Similar to flammabunda but spines are interwoven 

and interconnected by transverse spines or bars 

Occurrences: P14» P16 

Acrosphaera murrayana (Haeckel) 

pi. 1, fig. 4 

Choenicosphaera murrayana Haeckel, 1887, p. 102, pi. 8, fig. 

4 

Acrosphaera murrayana (Haeckel) Strelkov and Reshetnyak, 

1971, p. 347, fig. 25 

Environment: WWS Symbiotic 

Occurrences: H6, H7, H8, H10, H11, H12, H13; P16 

Acrosphaera spinoza (Haeckel) 

pi. 1, fig. 5 

Collosphaera spinoza Haeckel, 1862, p. 536, pi. 34, figs. 

12, 13 

Acrosphaera spinoza (Haeckel) Strelkov and Reshetnyak, 1971, 

p. 340, pi. 5, figs. 39-41, pi. 6, fig. 43 
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Comment: Similar to A_. f lammabunda and A. lappacea but 

spines are more basally stout and shorter in general than A. 

flammabunda and are not interwoven as in lappacea 

Environment: WWS Symbiotic 

Occurrences: P4, P14, P16; ENJ1, EKJ3; ENA9; ENN1 

Genus BUCCINOSPHAERA Haeckel 1887 

Comment: Internal tubules. No external structures 

Buccinosphaera group A 

Comment: Individuals which could only be identified to genus 

level were counted here. 

Occurrences: P12 

Buccinosphaera invaginata Haeckel 

Buccinosphaera invaginata Haeckel, 1887» p. 99* pi. 5, fig. 

11; Strelkov and Reshetnyak, 1971* p. 365» pi. 4, fig. 32 

Environment: WWS Symbiotic 

Occurrences: H4, H6, H7, H8, H10, H11, H12, H13; P12, P14, 

P16, P18 

Genus COLLOSPHAERA Muller 1858 

Comment: No internal or external structures 

Collosphaera group A 
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Comment: Invividuals which could only be identified to the 

genus level were counted here. 

Occurrences: H1, H4, H9, H10, H11, H12, H13 

Collosphaera huxleyi Muller 

pi. 1, fig. 6 

Collosphaera huxleyi Muller. 1855, p. 238? Strelkov and 

Reshetnyak, 1971, p. 332, pi. 4, figs. 21-23 

Environment: WWS Symbiotic 

Occurrences: P1, P4, P5, P12, P14, P16 

Collosphaera macropora Popofsky 

pi. 1, fig. 7 

Collosphaera macropora Popofsky, 1917, p. 247, pi. 14, figs, 

a-c? Strelkov and Reshetnyak, 1971, p. 337, pi. 4, figs. 30, 

31 

Environment: WWS Symbiotic 

Occurrences: P14, P16 

Collosphaera tuberosa Haeckel 

pi. 1, fig. 8 

Collosphaera tuberosa Haeckel, 1887, p.97? Nigrini, 1971, p. 

445, pi. 34.1, fig•1 

Environment: WWS Symbiotic 

Occurrences: H8, H10, H11, H12, H13; P14, P16, P18 
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Genus SIPHONOSPHAERA Muller 1858 

Comment: External imperforate tubes. No internal structures 

Siphonosphaera group A 

Comment: Individuals which could only be identified to the 

genus level were counted here. 

Occurrences: DSDP 83A, 476 

Siphonosphaera martensi Brandt 

pi. 1, fig. 9 

Siphonosphaera martensi Brandt, 1905, p. 339, pi. 9, figs. 

10, 11; Strelkov and Reshetnyak, 1971, p. 356, fig. 28 

Environment WWS Symbiotic 

Occurrences: P6, P16 

Siphonosphaera polysiphonia Haeckel 

pi. 1, fig. 10 

Siphonosphaera polysiphonia Haeckel, 1887, p. 106; Nigrini 

and Moore, 1979, p* S21, pi. 1, figs. 6a, b 

Environment: WWS Symbiotic 

Occurrences: H3, H4, H6; P1, P2, P11 , P14, P16 

Genus S0LEN0SPHAERA Haeckel 1887 

Comment: External perforate tubes* No internal structures. 

Solenosphaera auriculata (Haeckel) 
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0tosphaera auriculata Haeckel, 1887, p. 116, pi. 7, fig. 5; 

Nigrini and Moore, 1979* p. S7, pi. 1", fig. 4 

Solenospheara auriculata (Haeckel) Hilmers, 1906, p. 28j 

Strelkov and Reshetnyak, 1971, p. 359 

Environment: WWS Symbiotic 

Occurrences: H5, H8, H9 

Solenosphaera zanquebarica (Ehrenberg) 

pi. 1, fig. 11 

Trisolenia zanquebarica Ehrenberg, 1872, p. 321, pi. 8, fig. 

11 

Solenosphaera zanquebarica (Ehrenberg) Strelkov and 

Reshetnyak, 1971, p. 360, pi. 10, figs. 74-76 

Environment: WWS Symbiotic 

Occurrences: H10, H11 ; P16 

Solenosphaera group A 

pi. 1, fig. 12 

Comment: Di tubular solenosphaerid with much smaller pores 

than S_. zanquebarica . Similar to D1 s olenla quadra ta 

(Ehrenberg) Nigrini and Moore, 1979* p. S3, pi. 1, fig. 2 

Environment: WWS Symbiotic 

Occurrences: H10, H12, H13; DSDP 77B, 83A 

Solenosphaera group B 

pi. 1, fig. 13 



175 

Comment: Tritubular solenosphaerid with much smaller pores 

than S^ zanquebarica. May be same as group A 

Environment: WWS Symbiotic 

Occurrences: H11, H13; DSDP 83A 

Genus TRIBONOSPHAERA Haeckel 1S81 

Comment: Internal spines. No external spines 

Tribonosphaera centripetalis Haeckel 

pi. 1, fig. 14 

Tribonosphaera centripetalis Haeckel, 1887, p. 98, pi. 5, 

fig. 12 

Environment: WWS Symbiotic 

Occurrences: P14» P16 

Family ACTINOMMIDAE Haeckel 1862 

emend. Riedel 1967 

Actinommid group A 

pi. 1, fig. 15 

Comment: Multispinose actinommid consisting of a spherical 

medullary shell of very delicate bars arranged hexagonally 

from which delicate beams extend outward, one from each bar 

junction. Two or more spherical cortical shells constructed 

of an open network of irregularly placed bars are supported 
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by the beams. Beams protrude further from the last cortical 

shell as long thin spines. 

Occurrences: P4» P5* P6, P8, PS, P10 

Actinommid group B 

Comment: Multispined actinommids not fitting other group 

placement 

Occurrences: H2, H12; ENA9; DSDP 77B, 83A, 493* 473* 476, 

471, 470, 469, 32 , 34, 33, 173, 183 

Actinommid group C 

Comment: Nonspinose actinommids not fitting any other group 

placement 

Occurrences: H3, H4, H5, H6, H7, H8, H10, H11, H12, H13; 

DSDP 83A, 493, 473, 471, 470, 469, 32, 34, 173, 183, 185, 

310 

Genus ACANTHOSPHAERA Ehrenberg 1858 

Acanthospheara actlnota (Haeckel) 

pi. 1, fig. 16 

Heliosphaera actinota Haeckel, 1862, p. 352, pi. 9, fig. 3 

Acanthosphaera tenuissima (Haeckel) Renz, 1976, p. 99, pi. 

2, fig. 11 

Acanthosphaera actinota (Haeckel) Boltovsky and Riedel, 

1980, p. 107, pi. 1, fig. 19 
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Environment: WWS 

Occurrences: P1, P2, P4, P10, P18; ENJ3; ENA4 , ENA6, ENA8, 

ENA9; ENN1, ENN5 

Acanthosphaera inslgnis (Hertwig) 

Pl. 1, fig. 17 

Hellosphaera inslgnis Hertwig, 1879» p. 40, pl. 5, fig. 7 

Acanthosphaera inslgnis (Hertwig) Haeckel, 1887, p. 212; 

Nishimura and Yamauchi, 1984, p. 20, pl. 7, figs. 3a, b, pl. 

49, fig. 2 

Occurrences: P1, P4, P11, P16; ENA1 

% 

% 

Acanthosphaera pinchuda Boltovsky and Riedel 

Acanthosphaera pinchuda Boltovsky and Riedel, 1S80, p. 108, 

fig* 3, pl.. 2, fig. 1 

Occurrences: ENN7 

Genus ACTINOMMA Haeckel 1862 

Actlnomma arcadophorum Haeckel 

pl. 1, fig. 18 

Actinomma arcadophorum Haeckel, 1887, p. 225, pl. 29, figs. 

7, 8; Nigrini and Moore, 1979, p. S29, pl. 3, fig. 4 

Environment: Tropical WWS 

Occurrences: P2, P4, P5, P6, P8, PS, P11 
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Actinomma mediannum Nigrini 

pi. 1, fig. 19 

Actinomma mediannum Nigrini, 1967, p. 27, pi. 2, figs. 2a, 

b; Nigrini and Moore, 1979, p. S31, pi. 3, figs. 5, 6 

Environments Middle latitudes WWS 

Occurrences: P4; ENN7 

Actinomma sp. A 

pi. 1, fig. 20 

Comment: Similar to that of Actinomma mediannum with 

irregularly spherical cortical shell though it is 

exceedingly more delicate and lacy. Medullary meshwork 

likewise very delicate and irregular. Meshwork supports 

numerous radial beams which terminate externally as lightly 

faceted spines. 

Occurrences: P1, P2, P4 

Genus ASTROSPHAERA Haeckel 1887 

Astrosphaera hexagonalis Haeckel 

pi. 1, fig. 21 

Astrosphaera hexagonalis Haeckel, 1887, p. 250, pi. 19, fig. 

4; Renz, 1976, p. 100, pi. 2, fig. 12 

Occurrences: P1, P4, P6, P8, P10, P12, P14, P16 
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Genus AXOPRUNUM Haeckel 1887 

Axoprunum angellnum (Campbell and Clark) 

pi. 1, fig. 23a, b 

Stylosphaera angelinum Campbell and Clark, 1944, P« 12, pi. 

1, figs. 14-20 

Stylotractus universus Hays, 1970, p. 215» pi. 1, fig. 7; 

Nigrini and Lombard, 1984, p. S27-S30, pi. 4, fig. 3 

Axoprunum angelinum (Campbell and Clark) Kling, 1973, pi. 6, 

fig. 18 

Comment: EXTINCT 

Environment: Intermediate and Deep 

Occurrences: DSDP 77B, 83A, 473, 476, 471, 470, 469, 32, 34, 

33, 173, 183, 185, 310 

Genus CENOSPHAERA Ehrenberg 1854 

pi. 1, fig. 24 

Occurrences: H1, H3, H9, H11; P9, P16, P18; DSDP 77B, 83A, 

473, 471, 469, 34, 33, 173, 183, 185, 310 

Genus CLADOCOCCUS Muller 1857 

Cladococcus arborescens Muller 

Cladococcus arborescens Muller, 1858, p. 31, pi. fig. 2; 

Haeckel, 1887, p. 224 
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Occurrences: H3 

Cladococcus scoparius Haeckel 

pi. 1, fig. 22 

Cladococcus scoparius Haeckel, 1887, p. 225, pi. 27, fig. 2; 

Renz, 1976, p. 101, pi. 2, fig. 5 

Occurrences: P6, P8, P10, P11 

Genus HALIOMMA Ehrenberg 1838 

Haliomma erinaceum Haeckel 1862 

pi. 1, fig. 25 

Haliomma capillacea Haeckel,- 1862, p. 426, pi. 23» fig. 2 

Haliomma erinaceum Haeckel, 1862, p. 427» pi. 23» figs. 3» 

4; Renz, 1976, p. 101, pi. 2, figs. 4a, b 

Occurrences: P8, P10 

Genus HEXACONTIUM Haeckel 1881 

pi. 1, fig. 26 

Comment: Shell three spheres, six simple equal spines 

Occurrences: H5» H6; P9; ENA6; DSDP 77B, 83A, 473» 476, 471, 

470, 32, 34, 33, 173, 310 

Genus HEXASTILUS Haeckel 1881 

pi. 1, fig. 27 
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Comment: Shell one simple latticed sphere, six simple equal 

spines 

Occurrences: P1, P2, P4, P5; DSDP 77B, 83A, 476, 33, 310 

Genus RHIZOSPHAERA Haeckel I860 

Rhizosphaera serrata Haeckel 

Rhizosphaera serra ta Haeckel, 1887, p. 284, pl. 18, figs. 

5-7} Nishimura and Yamauchi, 1S84, p. 32, pl. 6, figs. 5, 8, 

pl. 10, figs. 2, 10, pl. 45, fig. 6 

Occurrences: ENJ3 

Genus SPHAEROPYLE Dreyer 188S 

pl. 1, fig. 28 

Environment: Intermediate and Deep 

Occurrences: DSDP 83A, 473, 476, 471, 470, 32, 34, 33, 173, 

183, 310 

Genus SPONGOSPHAERA Ehrenberg 1847b 

Spongosphaera streptacantha Haeckel 

pl. 1, fig. 29 

Spongosphaera streptacantha Haeckel, 1862, p. 445, pl. 26, 

figs. 1-3; Renz, 1976, p. 105, pl. 2, fig. 13 

Environment: WWS Symbiotic 
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Occurrences: H1, H2, H4, H6, H7, H11 5 P1, P2, P4, P5, P6, 

P8, P9, P10, P11, P12, P14, P16, P18; ENA8, ENAS; ENN5» ENN7 

Subfamily SATURNALINAE Deflandre 1953 

emend. Nigrini 1967 

Genus SATURNALIS Haeckel 1881 

Saturnalls circularls Haeckel 

pi. 1, fig. 30 

Saturnalia circularis Haeckel, 1887» p. 131; Nigrini, 1967, 

p. 25, pi• 1, fig. 9 

Environment: WWS 

Occurrences: DSDP 33, 34, 310 

Subfamily ARTISCINAE Haeckel 1881 

emend. Riedel 1967 

Genus CYAPSSIS Haeckel 1887 

Cyapssls irregularis Nigrini 

pi. 1, fig. 31a, b 

Cyapssis irregularis Nigrini, 1968, p. 53» pi. 1, figs. 2a-c 

Environment: WWS Symbiotic 

Occurrences: P2, P4, P5, P6, P8, P10, P11, P12, P14, P16; 

ENJ3; ENA8 
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Genus DIDYMOCYRTIS Haeckel I860 

Didymocyrtis penultima (Riedel) 

pi. 1, fig. 32 

Panarium penultima Riedel, 1S57, p. 76, pi. 1, fig. 1 

Didymocyrtis penultima (Riedel) Sanfilippo and Riedel, 1980, 

p. 1010, fig. 1fj Nigrini and Lombard, 1984» P.S57» pi. 7» 

figs. 3a-c 

Cooments EXTINCT 

Environment: WWS probably symbiotic 

Occurrences: DSDP 493, 476 

Didymocyrtis tetrathalamus (Haeckel) 

pi. 1, fig. 33 

Panartus tetrathalamus Haeckel, 1887, p. 378, pi. 40, fig. 3 

Didymocyrtis tetrathalamus (Haeckel) Sanfilippo and Riedel, 

1980, p. 1010, fig. 1g 

Environment: WWS Symbiotic 

Occurrences: H2, H4, H7, H8, H11, H12, H13; P1, P2, P4, P5, 

P6, P8, P9, P10, P11, P12, P14, P16, P18; ENJ3; ENA1, ENA4, 

ENA6, ENA8, ENA9 > ENN1, ENN3, ENN5, ENN7» DSDP 77B, 83A, 

493, 471 

Didymocyrtis group A 
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Comments Due to broken polar caps on some individuals from 

the sediment material, they could only be identified to the 

genus level 

Environments WWS probably symbiotic 

Occurrencess DSDP 77B, 83A, 473, 476, 471 

Family PHACODISCIIDAE Haeckel 1881 

pi. 1, fig. 34 

Occurrencess P2, P4, P5* P6, P8, P9, P10, P11, P12, P14, 

P16, P18 ; ENA8 

Genus HELIODISCUS Haeckel 1862 

Heliodiscus asteriscus Haeckel 

pi. 1, fig. 35 

Heliodiscus asteriscus Haeckel, 1887, p. 445» pi. 33» fig. 

8; Nigrini and Moore, 1979» p. S73» pi. 9» figs. 1, 2 

Environments WWS 

Occurrencess H11j P5, P6, P8, P9, P10, P11 ; ENN5, ENN7; DSDP 

77B, 476, 34 

Family PORODISCIDAE Haeckel 1881 

pi. 1, fig. 36 
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Comment: Spongy discs with concentric circular rings. No 

spines 

Environment: Cosmopolitan 

Occurrences: H1, H2, H4, H7, H8, H10, H11, H12, H13; P1, P2, 

P4, P5, P 6, P8, P9, P10, P11, P12, P14* P16, P18; ENJ3; 

ENA1, ENA4, ENA6, ENA8, ENA9} ENN1, ENN3» ENN5, ENN7; DSDP 

77B, 83A, 493, 473, 476, 471, 470, 34, 33, 173, 183, 185, 

310 

Genus STYLODICTYA Ehrenberg 1847 

pi. 1, fig. 37 

Comment: Multispinose spongy discs with concentric circular 

rings 

Environment: CWS 

Occurrences: H6, H9; P1, P2, P4, P5, P6, P8, P9, P10, P11, 

P12, P18 ; ENA4; ENN5, ENN7 

Genus AMPHIROPALUM Haeckel 1881 

Amphlropalum ypsllon Haeckel 

pi. 2, fig. 1 

Amphiropalum ypsilon Haeckel, 1887, p. 522} Nigrini and 

Moore, 1979, p• S 75, pi• 10, figs. 1 a • e 

Environment: Tropical WWS 

Occurrences: H8, H11; P4, P5; ENA6, ENA9; ENN1, ENN7 
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emend. Petrushevskaya and Kozlova 1S72 
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Genus BICTYOCORNE Ehrenberg 1860b 

Dictycorne profunda/truncatum Ehrenberg 

pl. 2, fig. 2 

Dictyocorne profunda Ehrenberg, 1872a, p. 307; Nigrini and 

Moore, 1979» P* S87» pl. 12, fig. 1 

Comment: Pic tyocorne profunda and B. truncatum are 

indistinguishable to this author 

Environment: WWS Symbiotic 

Occurrences: H1, H6, H9, H11, H12, -H13; P1, P4, P5, P6, P8, 

P9, P10, P11, P12, P14» P16, P18 ; ENJ3; ENA1, ENA4, ENA6, 

ENA8; ENN3, ENN5, ENN7; DSDP 476 

Genus EUCHITONIA Ehrenberg 1860b 

emend. Nigrini 1967 

Euchltonia furcata/elegans Ehrenberg 

pl. 2, fig. 3 

Euchitonia furcata Ehrenberg, 1872a, p. 308; Nigrini and 

Moore, 1979, p. S85, pl. 11, figs. 2a, b 

Comment: Euchitonia furcata and E. e1e ga n s are 

indistinguishable to this autho 

Environment: WWS Symbiotic 
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Occurrences : H1 1 , H12 ; P2, P4, P5, P6, P8, P9, P10, P11, 

P12, P14, P16, P18; ENA8, ENA9; ENN1, ENN3, ENN5, ENN7; DSDP 

77B, 83A, 476, 471 

Genus HYMENIASTRIUM Ehrenberg 1847b 

pi. 2, fig. 4 

Comment: Individuals of this group are similar to IK 

profunda/truncatum but with longer, more slender arms which 

are more constricted proximally. Hymeniastrium is also 

similar to JK furcata/e1egans but has an equilateral 

geometry as opposed to the isosceles geometry of 12. 

furcata/elegans. 

Environment: WWS Symbiotic 

Occurrences: DSEP 77B, 83A, 493, 473, 476, 173 

Genus SPONGASTER Ehrenberg 1860b 

Spongaster kllngi Riedel and Sanfilippo 

pi. 2, fig. 5 

Spongaster klingi Riedel and Sanfilippo, 1971, p. 1589, pi. 

1d, figs. 8-10, pi. 4, figs. 7, 8 

Comment: EXTINCT 

Environment: WWS Probably Symbiotic 

Occurrences: DSDP 83A, 493 

Spongaster pentas Riedel and Sanfilippo 
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pi # 2 y 4 6â | b ÿ c 

Spongaster pentas Riedel and Sanfilippo, 1970, p. 523, pl. 

15» fig» 3; Nigrini and Lombari, 1984* P* S65» pl. S» fig. 2 

Comment: Spongaster pentas as observed in this study 

commonly exhibited thickened or denser mesh arm structures 

and /or a pylome-tube but not always. All five sided and six 

sided spongasterids were considered to be pentas. 

Environment: Tropical VWS Symbiotic 

Occurrences: P2, P4, P5, P6, P8, P11, P12, P14, P16, P18; 

ENA4, ENA6, ENA8, ENA9; ENN1, ENN3, ENN5, ENN7; DSEP 77B, 

83A, 4S3» 476, 470, 32, 34, 33, 173 

% 

Spongaster tétras Ehrenberg tétras Kigrini 

pl. 2, fig. 7 

Spongaster tétras Ehrenberg, 1860b, p. 833 

Spongaster tétras Ehrenberg tétras Nigrini, 1967, P« 41, pl. 

5» figs. 1â t b 

Environment: Central or mid-latitude WWS Symbiotic 

Occurrences: H13; P6, P8, P9, P10, P11, P12, P14, P16? ENJ3; 

ENA6; ENN1, ENN5? DSDP 77B, 83A, 173 

Spongaster tétras Ehrenberg irregularis Nigrini 

pl. 2, fig. 8 

Spongaster tétras Ehrenberg, 1860b, p. 833 

Spongaster tétras Ehrenberg irregularis Nigrini, 1967, p 

43, pl. 5, fig. 2 
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Environment: Transitional or high latitude WWS Symbiotic 

Occurrences: H1, H7; P1, P2, P4, P5» P6, P11, P12, P18; 

ENA4» ENA6, ENA8, ENA9; ENN1, ENN3, ENN5, ENN7 

Genus SPONGOCORE Haeckel 1887 

Spongocore puella Haeckel 

pi. 2, fig. S 

Spongocore puella Haeckel, 1887» p. 347, pi. 48, fig. 6; 

Nigrini and Moore, 1979, p. S69, pi. 8, figs. 5a-e 

Environment: WWS Symbiotic 

Occurrences: H9, H11j P5; DSDP 77B, 83A, 33, 173 
% 

Genus SPONGODISCUS Ehrenberg 1854 

Spongodiscus resurgens Ehrenberg 

pi. 2, fig. 10 

Spongodiscus resurgens Ehrenberg, 1854, p. 246; Boltovsky 

and Riedel, 1980, p. 116, pi. 3, fig. 13 

Environment: CWS 

Occurrences: P2, P4, P6, P8, P9, P10, P11, P12, P14, P16, 

P18; ENJ3; ENA9; EHH1, ENN3, ENN5 

Spongodiscus group A 

pi. 2, fig. 11a, b 
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Comment: biconvex discs composed of irregular spongy mesh 

with no distinct central darkening as in S^. resurgens 

Environment: Transitional CWS 

Occurrences: H2, H3, H4, H6, H7, H8, H10, H11, H12, H13} P1, 

P2, P4* P5, P6, P8, P9, P10, P11, P12, P14, P16, P18; ENJ3; 

ENA1, ENA4, ENA6, ENA8, ENA9; ENN1, ENN5, ENN7} DSDP 77B, 

83A, 493, 476, 471, 470, 32, 34, 33, 173, 183, 185, 310 

Genus SPONGOPYLE Dreyer 1889 

Comment: Indeterminate species 

Environment: CWS 

Occurrences: ENJ3; ENA8, ENA9; ENN5, ENN7 

Spongopyle osculosa Dreyer 

pi. 2, fig. 12 

Spongopyle osculosa Dreyer, 1889, p. 42, pi. 11, figs. 99, 

100} Nigrini and Moore, 1979, p. S115, pi. 15, fig. 1 

Comment: S, o s eu 1 0 sa is similar to Spongodiscus resurgens 

but exhibits an osculum 

Environment: Intermediate and Deep 

Occurrences: DSDP 470, 173, 183, 185 

Genus SP0NG0TR0CHUS Haeckel I860 

Spongotrochus glacialis Popofsky 

pi. 2, fig. 13 
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Spongotrochus glacialis Popofsky, 1908, p. 228, pi. 26, fig. 

8, pi. 27, fig. 1, pi. 28, fig. 2; Nigrini and Moore, 1979, 

p. S117, pl. 15, figs. 2a-d 

Environment: Intermediate and Deep 

Occurrences: H1, H3, H4, H5, H6, H7, H8, H9; P1, P2, P4, P5, 

P6, P8, P12, P16, P18 ; ENJ1 ; ENA8, ENA9; ENN5, ENN7 ; DSDP 

83A, 476, 32, 34, 33, 173, 183 

Spongotrochus venusturn (Bailey) 

pl. 2, fig. 14 

Perichlamydium venustum Bailey, 1856, p. 5, pl. 1, figs. 16, 

17 

Spongotrochus venustum (Bailey) Nigrini and Moore, 1979, p. 

S119, pl. 15, figs. 3a, b 

Environment: Intermediate and Deep 

Occurrences: DSDP 471, 33, 173, 183, 185 

Subfamily MYELASTRINAE Riedel 1971 

pl. 2, fig. 15 

Myelastrinae group, Riedel, 1971, p. 654; Renz, 1976, p. 98, 

pl. 3, fig. 6 

Environment: WWS 

Occurrences: P1, P5, P6, P8, P9, P10, P11, P12, P14, P16 

Family PYLONIIDAE Haeckel 1881 
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Genus TETRAPYLE Muller 1858 

Tetrapyle oetacantha/quadriloba Muller 

pi* 2} f« 16a, b 

Tetrapyle octacantha Muller, 1858, p. 33» pi. 2, figs. 12, 

13; Nigrini and Moore, 1979, p* S125» pi. 16, figs. 3a, b 

Comment: Specimens of T e trapyle octacantha and Tetrapyle 

quadriloba are indistinguishable to this author 

Environment: WWS Symbiotic 

Occurrences: H2, H3, H6, H7, H8, H11, H12, H13; P1, P2, P4, 

P5, P6, P8, P9, P10, P11, P12, P14, P16, P18 ; ENJ1, ENJ3; 

ENA1, ENA4, ENA6, ENA8, ENA9; ENN1 , ENN3, ENN5, ENN7 » DSDP 

77B, 83A, 473, 476, 471, 32, 33, 34, 173, 310 

Genus 0CT0PYLE Haeckel 1887 

Octopyle stenozona Haeckel 

pi. 2, fig. 17 

Octopyle stenozona Haeckel, 1887, p. 652, pi. 9, fig. 11; 

Nigrini and Moore, 1979, p. S123, pi. 16, figs. 2a, b 

Environment: WWS Symbiotic 

Occurrences: P2, P4, P5, P8, P9, P11, P14, P16, P18; ENJ3; 

ENA8, ENA9; ENN5, ENN7; DSDP 77B, 83A, 493, 476, 471, 173 

Genus PRUNOPYLE Dreyer 
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?Prunopyle antarctica Dreyer 

pi. 2, fig. 18 

Prunopyle antarctica Dreyer, 1889. p. 24» pi. 5* fig. 75; 

Nigrini and Moore, 1979» p. S127, pi. 16, fig. 4 

Comments These individuals may be an arctic form of the 

general species type 

Environment: Intermediate and Deep 

Occurrences: DSDP 173 

„ Family PYLODISCIDAE Haeckel 1887 

Genus HEXAPYLE Haeckel 1881 

pi. 2, fig. 19a, b 

Environment: WWS Symbiotic 

Occurrences: H4, H12, H13; P2, P4, P5, P6, P8, P9, P11, P12, 

PI 4 , P1 6 ; ENA8, ENA9 ; ENN7; DSDP 77B, 83A, 476, 471, 33, 

173, 310 

Family THOLONIIDAE Haeckel 1887 

pi. 2, fig. 20 

Environment: Intermediate and Deep 

Occurrences: P2; DSDP 77B, 32, 173 

Family LITHELIIDAE Haeckel 1862 

Genus LARCOPYLE Dreyer 1889 
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Larcopyle group A 

Comments Individuals which could only be identified to the 

genus level were counted here. 

Environments CWS 

Occurrencess DSDP 32, 33 

Larcopyle butschlii Dreyer 

pi. 2, fig. 21 

Larcopyle butschlii Dreyer, 1889, p. 124, pi. 10, fig. 70; 

Nigrini and Moore, 1979» p. S131» pi. 17» figs. 1a, b 

Environments Intermediate and Deep 

Occurrencess P12; ENN5» ENN7; DSDP 34, 173 

Genus LARCOSPIRA Haeckel 1887 

Larcospira group A 

pi. 2, fig. 22 

Comments Individuals which could only be identified to the 

genus level were counted here. 

Environments Probably WWS Symbiotic 

Occurrencess H6; P1, P6, P8, P9, P10, P12, P14» P16; ENJ3; 

ENA4, ENA8; ENN7 

Larcospira moschkovskii Krugilova 

pi. 2, fig. 23 
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Larcospira moschkovskii Krugilova. 1978,’ p. 88, pi. 27, 

figs. 3-6; Nigrini and Lombari, 1984, p. S91, pi. 13, figs.' 

2a, b 

Comment: EXTINCT 

Environment: WWS Symbiotic 

Occurrences: DSDP 77B, 476, 310 

Larcospira quadrangula Haeckel 

pi. 2, fig. 24 

Larcospira quadrangula Haeckel, 1887, p. 696, pi. 49, fig. 

3; Nigrini and Moore, 1979, p. S133, pi. 17, fig. 2 

Environment: WWS Symbiotic 

Occurrences: H11, H13; P2, P4, P6, P10, P14, P16; ENA1, 

ENA6, ENA9; ENN1, ENN5, ENN7; DSBP 77B, 83A, 471 

Genus LITHELIUS Haeckel 1862 

Llthelius alveollna Haeckel 

pi. 2, fig. 25 

Lithelius alveolina Haeckel, 1862, 694, pi. 27, fig. 8; 

Renz, 1976, p. 90, pi. 1, fig. 16 

Environment: CWS 

Occurrences: P2, P4; ENA85 ENN7 

f 

Lithelius nautiloides Popofsky 

pi. 2, fig. 26 
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Lithelius nautiloides Popofsky, 1908, p. 230, pi. 27, fig. 

4; Nig'rini and Moore, 197S, p. S137, pi. 17, fig. 5 

Environment: Intermediate and Beep 

Occurrences: DSDP 77B, 471, 33, 183 

Lithelius minor Jorgensen 

pi. 2, fig. 27 

Lithelius minor Jorgensen, 1899, p. 65, pi. 5, fig. 24j 

Nigrini and Moore, 1979, p. S135, pi. 17, figs. 3, 4a, b 

Environment: Intermediate and Deep 

Occurrences: H2; P4, P11, P14» P16; ENJ1; ENA4, ENA6, ENA91 

ENN5, ENN7; DSDP 77B, 493, 473, 476, 471, 470, 32, 34, 33, 

173, 183, 185, 310 

Lithelius group A 

Comment: loosely coiled lithelids of indeterminate species 
I 

Environment: CWS 

Occurrences: H11; P2, P6, P18; ENJ3? ENA6, ENA9; ENN5, ENN7; 

DSDP 77B, 473, 476, 471, 469, 32, 34, 33, 173 

Lithelius group B 

Comment: tightly coiled lithelids of indeterminate species 

Environment: CWS 

Occurrences: DSDP 33, 185 

Genus PILOSPIRA Haeckel 1887 



197 

Pylospira octapyle Haeckel 

pi. 2, fig. 28a, b 

Phorticum pylonium (Haeckel) Cleve, 1899, p. 31, pi. 3, 

figs. 2a-c 

Pylospira octapyle Haeckel, 1887, p. 698, pi. 49, fig. 4; 

Nigrini and Moore, 1979, p. S139, pi. 17, figs. 6a-c 

Environment: Cosmopolitan 

Occurrences: P1, P2, P4, P5, P6, P8, P9, P10, P12, P14, P16; 

ENJ1 ; ENA 1 , EN A 6, ENA8, ENA9} ENN1 , ENN5; DSDP 77B, 83A, 

493, 473, 476, 471, 470, 32, 34, 33, 173, 183, 310 

Family LIOSPHAERIDAE Haeckel 1881 

Genus STYPTOSPHAERA Haeckel 1881 

Styptosphaera spongiacea Haeckel 

Styptosphaera spongiacea Haeckel, 1887, p. 87; Renz, 1976, 

p. 116, pi. 1, fig. 13 

Environment: WWS 

Occurrences: P5 

Family SPONGURIDAE Haeckel I860 

emend. Petrushevskaya 1975 

Genus SPONGURUS Haeckel 1860 



Spongurus group A 

Comment: Indeterminate species 

Environment: CWS 

Occurrences: DSDP 77B, 83A, 476, 471, 470, 32, 34, 33, 173, 

183, 185 

Spongurus cf. elliptica (Ehrenberg) 

pi. 2, fig. 29 

ÎAcanthosphaera elliptica Ehrenberg, 1872b, pi. 7, fig. 4 

Spongurus cf. e 111ptica (Ehrenberg) Eenson, 1966, p. 189, 

pi. 8, figs. 4, 5; Nigrini and Moore, 197S, p. S63* pi. 8, 

fig. 2 

Environment: Cosmopolitan 

Occurrences: P6, P12; ENA6 

Spongurus pylomaticus Riedel 

pi. 2, fig. 30 

Spongurus pylomaticus Riedel, 1958, p. 226, pi. 1, figs. 10, 

11; Nigrini and Moore, 1979, p. S65, pi. 8, figs. 3a, b 

Environment: CWS 

Occurrences: DSDP 173 

Order NASSELLARIA Ehrenberg 1875 

Suborder CYRTIDA Haeckel 1862 

emend. Petrushevskaya 1971c 

Family PLAGONIIDAE Haeckel 1881, 

emend. Riedel 1967 



1S9 

Subfamily LOPHOPHAEINAE Haeckel 1881 

emend. Petrushevskaya 1971b 

Comment: Individuals that could not be identified lower than 

the family level were counted as miscellaneous 

lophophaenids. They could be separated into two groups based 

on the degree to which the cephalis is distinct from the 

thorax. 

Lophophaenid group A 

Comment: These individuals are characterized by a prominent 

cephalis quite distinct from the thoracic segment similar to 

Llthomelissa monoceras. 

Environment: WWS 

Occurrences: H1, H2, H3, H4, H5, H6, H7, H8, H9, H10, H11, 

H12 ; DSDP 77B, 476 

Lophophaenid group B 

pi. 3, fig. 1 

Comment: These individuals are characterized by the lack of 

a distinct cephalis. The cephalis has the appearance of 

looking rather "scrunched down" between the shoulders of the 

thorax. 

Environment: CWS 

Occurrences: H3» P18; ENA6; DSDP 77B, 33 

Genus ARACHNOCORYS Haeckel 1860b 
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pi. 3, fig. 2 

Arachnocorys group, Riedel, Westberg-Smith, and Budai, in 

press, p. 26, pi. 3, figs. 12a, b 

Environment: WWS 

Occurrences: P1, P2, P4, P5, P6, P8, P10, P12, P14, P18; 

ENA6, ENA8, ENA9; ENN5 

Genus HELOTHOLUS Jorgensen 1S05 

Helotholus histricosa Jorgensen 

pi. 3, fig. 3 

Helotholus histricosa Jorgensen, 1S05» p. 137» pi. 16, figs. 

86-88; Kling, 1977, p. 215, pi. 1, fig. 6 

Environment: CWS 

Occurrences: H2, H13; DSDP 476, 471, 33, 173, 183, 185 

Genus LITHOMELISSA Ehrenberg 1847b 

Lithomelissa monoceras Popofsky 

pi. 3, fig. 4 

Lithomelissa monoceras Popofsky, 1913, p. 335, pi. 32, fig. 

7; Renz, 1976, p. 158, pi. 6, fig. 12 

Environment: WWS Symbiotic 

Occurrences: H7, H8, H9, H10, H11, H12, H13; P5, P6, P8, P9, 

P10, P14, P18; ENJ3; ENA4, ENA8; ENN5, ENK7 
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Lithomelissa setosa Jorgensen 

Lithomelissa setosa Jorgensen, 1900, p. 81, pi. 4, fig. 21; 

Boltovsky and Riedel, 1980, p. 125* pi. 5* fig. 1 

Environments CWS 

Occurrences: ENJ1, ENJ3; ENA4, ENA6, ENA8, ENA9? ENN1, ENN7 

Genus L0PH0PHAENA Ehrenberg 1847b 

emend. Petrushevskaya 1971d 

Lophophaena butschlil (Haeckel) 

Lithomelissa butschlii Haeckel, 1887* p. 1207, pi. 56, fig. 

1 5 

Lophophaena butschlii (Haeckel) Pe trushevskaya, 1971d, p. 

109, fig. 58 

Environment: WWS 

Occurrences: P2, P4* P6; ENA6; ENN5 

Lophophaena cylindrica (Cleve) 

pi. 3, fig. 5 

Pictyocephalus cylindricus Cleve, 1900, p. 7» pi. 4, fig. 10 

Lophophaena cylindrica (Cleve) Pe trushevskaya, 1971d, p. 

117, fig. 61; Renz, 1976, p. 159, pi. 6, fig. 21 

Environment: WWS 

Occurrences: P1, P2, P4, P5, P6, P8, P9, P10, P11, P18; ENA6 

Lophophaena variabilis (Popofsky) 
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pi. 3, fig. 6 

Acanthocorys variabilis Popofsky, 1913. p. 360, figs. 71, 

72, 79 

Lophophaena variabilis (Popofsky) Petrushevskaya, 1971d, p. 

111, fig. 57 

Environments WWS 

Occurrences: P2, P4, P5, P6, PS, P9, P10, P12, P18; ENN7 

Genus L0PH0PHAEN0MA Haeckel 

emend. Pertrushevskaya 1971d 

Lophophaenoma witjazii Petrushevskaya 

pi. 3, fig. 7 

Lophophaenoma witjazii Petrushevskaya, 1971d, p. 118, fig. 

62 

Environment: WWS 

Occurrences: P2, P4» P6, P10, P12, P18; ENJ3; ENK7 

Genus PEROMELISSA Haeckel 1881 

Peromelissa phalacra Haeckel 

Peromelissa phalacra Haeckel, 1887, p. 1236, pi. 57, fig. 

11; Boltovsky and Riedel, 1980, p. 122, pi. 5, fig. 3 

Environment: WWS 

Occurrences: P2, P4, P5, P6, P8, P9, P10; ENN5, ENN7 
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Genus PERIDIUM Haeckel 1887 

Peridliim spinipes Haeckel 

pi. 3, fig. 8 

Peridium spinipes Haeckel, 1887, p. 1154, pi. 53, fig. S| 

Casey, 1971b, p. 339, pi. 23.2, figs. 17, 18 

Environment: WWS 

Occurrences: H1, H2, H4, H6, H7, H8, H11, H12, H13; P1, P2, 

P4, P5, P6, P 8, P 9, P10, P11, P12, P14, P16, P18; ENJ3; 

ENA4, ENA6, ENA8, ENA9î ENN1, ENN5, EHN7 

Genus TRISULCUS Popofsky 1913 

emend. Petrushevskaya 1971d 

Trisulcus borealis (Ehrenberg) 

Lithobotrys borealis Ehrenberg, 1872a 

Trisulcus borealis (Ehrenberg) Pe trushevskaya, 1971d, p. 

145, fig. 74 

Environment: CWS 

Occurrences: P4 

Trisulcus group A 

Comment: Typical trisulcids with well developed tri-radiate 

thoracic lobes and prominent cephalis 

Occurrences: P2, P4, P18; ENJ3; ENA8; ENN3, ENN7 
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Genus NEOSEMANTIS Popofsky 1913 

Neosemantis distephanus Popofsky 

pi. 3» fig. 9 

Neosemantis distephanus Popofsky, 1913» p. 299» pi. 29» fig. 

2; Nishimura and Yamauchi, 1984, p. 47* pi. 22, figs. 7, 10 

Environment: WWS 

Occurrences: P1, P2, P18 

Subfamily SETHQPERINAE Haeckel 1881 

Genus CALLIMITRA Haeckel 1881 

pi. 3, fig. 10 

Environment: WWS 

Occurrences: ENN7; DSDP 83A 

Genus CLATHROCANIUM Ehrenberg 1860a 

Ciathrocanium ornaturn Popofsky 

pi. 3, fig. 11 

Clathrocanium '•orna turn Popofsky, 1913, p. 343-344, pi. 33, 

fig. 2; Casey, 1971b, .p. 341, pi. 23.3, fig. 3 

Environment: WWS Symbiotic 
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Occurrences: H8; P2, P4, P5j ENN1, ENN5, ENN7 

Genus CLATHROCORYS Haeckel 1881 

Environment: CWS 

Occurrences: P2, P4 

Genus THEOPHORMIS Haeckel 1887 

Theophormls calllpilium Haeckel 

pl. 3, fig. 12 

Theophormis callipilium Haeckel, 1887, p. 1567, pl. 70, 

figs. 1—3 ; Casey, 1971b, p. 341, pl. 25.3, figs. 16, 17 

Environment: WWS 

Occurrences: H13; P2, P4, P6; ENN5 

Subfamily SETHOPHORMINAE Haeckel 1881 

Sethophormin group, Riedel, et al., in press, p. 28, pl. 4, 

figs. 1a, b 

Occurrences: H13; P5* P6 

Genus THEOPILIUM Haeckel 1881 

Theopilium tricostatum Haeckel 

p. 3, fig. 13 
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Theopilium tricostaturn Haeckel, 1867, p. 1322, pi. 70, fig. 

6 

Occurrences: H2, H6, H7, H10 

Family THEOPERIDAE Haeckel 1881 

emend. Riedel 1967 

Genus CALOCYCLAS Ehrenberg 1847 

Calocyclas vestalis Haeckel 

pi. 3, fig. 14 

Calocyclas vestalis Haeckel, 1887, p. 1382, pi. 74, fig. 3 

Comment: Distinguished from Theocorythium trachelium by 

hexagonal pores. 

Occurrences: ENJ3 

Genus DICTY0PHIMÜS Ehrenberg 1847b 

Dictyophlmus group A 

Comment: Individuals which could only be identified to the 

genus level were counted here. 

Environment: CWS 

Occurrences: DSDP 476, 33 

Dietyophimus crlsae Ehrenberg 

pi. 3, fig. 15 
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Pic tyophimus crisae Ehrenberg, 1854* P* 241; Nigrini and 

Moore, 1979, p. N33, pl. 22, figs. 1a, b 

Environment: Intermediate and Deep 

Occurrences: DSDP 83A, 32, 173* 183* 185* 310 

Dictyophimus gracilipes Bailey 

pl. 3, fig. 16 

Dictyophimus gracilipes Bailey, 1856, p. 4, pl. 1, fig. 8; 

Boltovsky and Riedel, 1980, p. 124, pl. 5, fig. 8 

Environment: CWS 

Occurrences: H3, H6, H7, H11, H13; DSDP 183, 185 

Dictyophimus infa~bricatus Nigrini 

pl. 3, fig. 17 

Dictyophimus infabricatus Nigrini, 1968, p. 56, pl. 1, fig. 

6; Nigrini and Moore, 1979, p. N37, pl. 22, fig. 5 

Environment: CWS 

Occurrences: DSDP 173 

Genus EUCECRIPHALÜS Haeckel I860 

emend. Petrushevskaya 1971d 

Environment: CWS 

Occurrences: P4, P6; DSDP 77B 

Genus EUCYRTIDIUM Ehrenberg 1847a 
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Eucyrtidium acumlnaturn (Ehrenberg) 

pi. 3, fig. 18 

Lithocampe acuminata Ehrenberg, 1844, p. 84 

Eucyrtidium acuminatum (Ehrenberg) Ehrenberg, 1847b, p. 43; 

Nigrini and Moore, 1979, p. K61, pi. 24, figs. 3a, b 

Environment: WWS 

Occurrences: H1, H2, H3, H4, H7, H8, H9, H10, H11, H12, H13; 

P2, P4, P5, P6, P8, P18; ENJ3; ENA4, ENA6, ENA8, ENAS; ENN1, 

ENN5, ENN7; DSDP 77B, 83A, 476, 173 

Eucyrtidium anamolum Haeckel 

pi. 3, fig. 19 
% 

Eucyrtidium anamolum Haeckel, 1862, p. 323, pi. 7, figs. 

11-13; Renz, 1976, p. 131, pi. 5, fig. 8 

Environment: WWS 

Occurrences: H2, H3, H7, H11; P2, P4, P5, P6, P8, P14, P18; 

ENA4, ENA8, ENA9; ENN1, ENN5, ENN7; DSDP 77B, 476, 173 

Eucyrtidium calvertense Martin 

pi. 3, fig. 20 

Eucyrtidium calvertense Martin, 1904, p. 450, pi. 130, fig. 

5; Casey, et al., 1979a, fig. 5 (19) 

Environment: Intermediate and Deep 

Occurrence: DSDP 77B, 83A, 471, 33, 173 

Eucyrtidium hexagonatum Haeckel 
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pi. 3, fig. 21 

Eucyrtidium hexagonaturn Haeckel. 1887, p. 1489, pi. 80, fig. 

11; Nigrini and Moore, 1979, p. N63, pi. 24, figs. 4a, b 

Environments WWS 

Occurrences: H11; P5; ENJ3; ENA9; DSDP 83A 

Eucyrtidium hexastichum (Haeckel) 

pi. 3, fig. 22 

Lithostrobus hexastichum Haeckel, 1887, p. 1470, pi. 80, 

fig. 15 

Eucyrtidium hexastichum (Haeckel) Petrushevskaya, 1971d, p. 

220, fig. 99} Renz, 1976, p. 132, pi. 5, fig. 9 

Environment: WWS 

Occurrences: P2, P4» P5, P6, P8; ENN7 

Eucyrtidium profundissimum Ehrenberg 

Eucyrtidium profundissimum Ehrenberg, 1872b, pi. 7, fig. 12; 

Jouse, 1977, pi. 118, fig. 23 

Occurrences: DSDP 476 

Genus GONDWANARIA Petrushevskaya 1975 

Gondwanarla dogieli Petrushevskaya 

Gondwanaria dogieli Petrushevskaya, 1975, p. 585; Nishimura 

and Yamauchi, 1984, P* 51, pi. 33, fig. 15 

Occurrences: DSDP 183 
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Genus LIPMANELLA Loeblich and Tappan 1961 

Lipmanella bombus (Haeckel) 

pi. 3, fig. 23 

Dictyoceras bombus Haeckel, 1887, pi. 71» fig. 10 

Lipmanella bombus (Haeckel) Petrushevskaya, 19711» p. 220, 

fig. 101 

Environment: WWS 

Occurrences: P2, P4, P5, P6, P8, P9, P10} ENJ3; ENA8; ENN5, 

ENN7 

Lipmanella dictyoceras (Haeckel) 

pi. 3, fig. 24 

Lithornithium dictyoceras Haeckel, 1860b, p. 840 

Lipmanella dictyoceras (Haeckel) Kling, 1973» p. 636, pi. 4» 

figs. 24-26; Boltovsky and Riedel, 1980, p. 123, pi. 3, fig. 

12 

Environment: WWS 

Occurrences: H2, H7, H8, H9, H12, H13; P6, P8, P18; ENA4, 

ENA8; ENN3, ENN5, ENN7} DSDP 173 

Genus LITHOCAMPE Ehrenberg 1838 

pi. 3, fig. 25 

Occurrences: P2, P4» DSDP 173 

Genus LITHOPERA Ehrenberg 1847a 
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Lithopera bacca Ehrenberg 

pi. 3, fig. 26 

Lthopera bacca Ehrenberg, 1872a, p. 314; Renz, 1S76, p. 133, 

pi. 5, fig. 12 

Environment: WWS 

Occurrences: H4, H12, H13; P4; ENN1, ENN5 » ENN7 

Genus LITHOSTROBUS Butschli 1882 

Lithostrobus hexagonalis Haeckel 

Lithostrobus hexagonalis Haeckel, 1887, p. 1475, pi. 79, 

fig. 20; Renz, 1976, p. 123* pi. 5, fig. 15 

Occurrences: DSDP 77B, 476 

Genus LYCHNOCANOMA Haeckel 1887 

Lychnocanoma grande (Campbell and Clark) 

Lychnocanlum grande Campbell and Clark, 1944, P* 42 

Lychnocanoma grande (Campbell and Clark) Kling, 1973, p. 

637, pi. 10, figs. 10-14 

Comment: EXTINCT 

Environment: Intermediate and Beep 

Occurrences: DSBP 33 

Genus PTEROCANIUM Ehrenberg 1847b 
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Pterocanium group A 

Comment: Individuals which could only be identified to the 

species level were counted here. 

Occurrences: DSDP 77B, 476, 470, 469, 173, 185 

Pterocanium korotnevl (Dogiel) 

pi. 3, fig. 27 

Pterocorys korotnevi Dogiel, Dogiel and Reshetnyak, 1952, p. 

17, fig. 11 

Pterocanium korotne>vl (Dogiel) Nigrini, 1970, p. 170, pi. 3, 

figs. 10, 11; Nigrini and Moore, 1979, p. N39, pi. 23, figs. 

1a, b 

Environment: Transitional CWS 

Occurrences: DSDP 469, 32, 34, 173, 183 

Pterocanium praetextum (Ehrenberg) 

pi. 3» fig. 28 

Lychnocanlum praetextum Ehrenberg, 1872a, p. 316 

Pterocanium praetextum (Ehrenberg) Haeckel, 1887, p. 1330, 

pi. 73, fig. 6; Nigrini and Moore, 1979, p. N41, pi. 23, 

figs. 2, 3 

Comment: No attempt was made to differentiate P. praetextum 

praetextum from ]?. praetextum eucolpum 

Environment: WHS 

Occurrences: H4, H6, H11, H13; ENN7; DSDP 83A 
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Pteroeanium prismatium Riedel 

pi. 3, fig. 29 

Pteroeanium prismatium Riedel, 1957, p. 87, pi. 3, figs. 4, 

5; emend. Riedel and Sanfilippo, 1970, p. 529; Nigrini and 

Moore, 1979, p. N41, pi. 23, figs. 2, 3 

Environment: WWS 

Occurrences: DSDP 77B, 83A 

Pteroeanium trilobum (Haeckel) 

pi. 3, fig. 30 

Pictyopodium trilobum Haeckel, 1860, p. 839 

Pteroeanium trilobum (Haeckel) Nigrini, 1967, p. 71, pi. 7» 

figs. 3a, b; Nigrini and Moore, 1979, p. N45* pi. 23, figs. 

4a~c 

Environment: WHS Symbiotic 

Occurrences: H1, H2, H3, H4, H5, H6, H7, H8, H9, H10, H11, 

H12, H13; P2, P4, P18 ; ENA6, ENA8, ENA9; ENN1, ENN3, ENN5, 

ENN7; DSDP 77B, 83A, 173, 183 

Genus STICHOCORYS Haeckel 1881 

Stlchocorys delmontensis (Campbell and Clark) 

pi. 3, fig. 31 

Eucyrtidlum delmontense Campbell and Clark, 1944, P» 56, pi. 

7, figs. 19, 20 
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Stichocorys delmontensis (Campbell and Clark) Sanfilippo and 

Riedel, 1S70, p. 451, pi. 1, fig. S; Kigrini and Lombari, 

1S64, P. K12S, pl. 25, fig. 4 

Comment: EXTINCT 

Environment: CWS 

Occurrences: DSDP 476 

Stichocorys peregrina (Riedel) 

pl. 3, fig. 32 

Eucyrtidium elongatum peregrinum Riedel, 1S53» p. £12, pl. 

85, fig. 2 

Stichocorys peregrina (Rièdel) Sanfilippo and Riedel, 1S7C, 

p. 451, pl. 1, fig. 10; Nigrini and Lombari, 1SS4, p. N133» 

pl. 25, fig. 6 

Comment: EXTINCT 

Environment: Cosmopolitan 

Occurrences: ESDP 77B, Q3A, 473, 476, 470, 32, 34, 33, 310 

Genus STICHOPILIUH Haeckel 1861 

Stichopllium bicorne Haeckel 

Stlchopilium bicorne Haeckel, 1887, p. 1437, pl. 77, fig. S; 

Nishimura and Yamauchi, 1S64, p. 62, pl. 35, figs. 8-1C, 

14a, b 

Occurrences: H2, H13 
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Genus THEOCORYS Haeckel 1681 

Theocorys veneris Haeckel 

Theocorys veneris Haeckel, 1887» p. 1415» pi. 69, fig. 5; 

Renz, 1S76, p. 137, pi. 5, fig. 11 

Occurrences: H13; ENN5» ENN7 

Genus THEOCCRYTHIUM Haeckel 1887 

Theocorythium trachelium (Ehrenberg) 

Eucyrtidium trachellun: Ehrenberg, 1872a, p. 312 

Theocorythium trachflium trachelium (Ehrenberg) Nigrini, 

1967» p. 79» pi. 8, fig. 2, pi. 9» fig. 2; Nigrini and 

Moore, 1979, p. N53, pi. 26, fig. 2 

Comment: Distinguished from Calocyclas vestalis by having 

circular pores. 

Environment: WWS 

Occurrences: H2, H3, H4, H5, H6, H7, H8, H10, H11, H12; P2, 

P4; ENJ3; ENA6; ENN1, ENN5, ENN7 

Theocorythium vetulum Nigrini 

pi. 3, fig. 53 

Theocorythium vetulum Nigrini, 1971, p. 447, pi. 34.1, figs. 

6a, b; Nigrini and Lombari, 1984, p. N16S, pi. 30, figs. 4a, 

b 

Comment: EXTINCT 
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Occurrences: ESEP 77B, 310 

Genus STICKOPERA Haeckel 1661 

Stichopera pectinata Haeckel 

Pl. 3, fig. 34 

Stichopera pectinata Haeckel, 1867, pl. 75, fig. 11; Kling, 

1S73, P. 636, pl. 3» figs. 25-27, pl. 10, figs. 1-5 

Environment: CWS 

Occurrences: DSDP 77E» 173 

Genus THECCALYPTRA Haeckel 1661 

Theocalyptn? jroup A 

Comment: Individuals which could only be identified to the 

genus level were counted here. 

Environment: CWS 

Occurrences: DSEP 77B, 473, 476, 470, 32, 173, 163, 165, 310 

Theocalyptra blcornis (Popofsky) 

pl. 3, fig. 35 

Pterocorys bicornls Popofsky, 1508, p. 226, pl. 34» figs. 7» 

8 

Theocalyptra bicornls (Popofsky) Riedel, 1558, p. 240, pl. 

4, fig. 4; Nigrini and Moore, 1575, p. N53, pl. 24, 

Environment: Intermediate and Deep 

f ig. 1 
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Occurrences: DSEP 83A, 34» 173 

Theocalyptra craspedota Jorgensen 

Theocalyptra craspedota Jorgensen, 1905, p. 135» pi. 17» 

figs. 98-100 

Occurrences: H6 

Theocalyptra davisiana (Ehrenberg) 

pi. 3, fig. 36 

Cycladophora ? davisiana Ehrenberg, 1861, p. 297 

Theocalyptra davisiana (Ehrenberg) Riedel, 1956» p. 239, pi. 

4, figs. 2, 3» Kigrini and Koore, 1979» -P • N57, pi. 24» 

figs. 2a, b 

Environment: Intermediate and Deep 

Occurrences: DSEP 34» 173» 183 

Subfamily PLECTOPIRAMIDIKAE Haecker 19C6 

emend. Petrushevskaya 1971c 

Genus CORNUTELLA Ehrenberg 1838 

Cornutella profunda Ehrenberg 

pi. 3» fig. 37 

Cornutulla profunda Ehrenberg, 1656, p. 31; Nigrini and 

Lombari, 1984, p. N93, pi. 22, fig. 1 

Environment: Intermediate and Deep 
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Occurrences: ESEP 476, 471, 470, 33, 163 

Genus LITHARACHINIUM Haeckel 1860 

Lltharachinium tentorium Haeckel 

Lithara chinium tentorium Haeckel, 1862, pi. 4, figs. 7-10; 

Renz, 1S76, p. 150, pi. 7, fig. 6 

Environment: KKS 

Occurrences: H11, H13 

Genus PERIPYRAMIS Haeckel 1662 

Peripyramis circumtexta Haeckel 

pi. 3, fig. 38 

Peripyramis circumtexta Haeckel, 1881, emend. Riedel, 1S58, 

p. 1162, pi. 54» fig. 5; Nigrini and Moore, 1S7S» p. N2S, 

pi. 21, figs. 4&> 6 

Environment: Intermediate and Beep 

Occurrences: ESEP 83A, 471, 470, 173, 183 

Family PTEROCORYIBAE Haeckel 1881 

emend. Riedel 1S67 

Genus ANTHOCYRTIEIUM Haeckel 1881 

Anthocyrtidium ehrenbergii (Stohr) 



pi. 3, fig.-35 

Anthocyrtis ehrenbergii Stohr, 1680, p. 100, pi 

21 S 

. 3» figs. 

21a, b 

Anthocyrtidlum ehrenbergii (Stohr) Haeckel, 1667, p. 1277; 

Nigrini and Lombari, 1984, p. N147, pi. 27, fig. 1 

Comment: EXTINCT 

Environment: WWS 

Occurrences: DSDP 77B, 63A, 476, 47C, 34* 23, 173 

Anthocyrtidium,ophirense (Ehrenberg) 

pi. 3, fig. 4C 

Anthocyrtis ophirensis Ehrenberg, 1672a, p. 301 

Anthocyrtidium cineraria Haeckel, 1867, p. 1278, pi. 62, 

fig. 16 

Anthocyrtidium ophirense (Ehrenberg) Nigrini, 1967, p. 56, 

pi. 6, fig. 3; Nigrini and Koore, 1975, p. N57» pi. 25, fig. 

1 

Environment: WWS 

Occurrences: H7, K8, H9, H10, H11, H12, H13; DSDP 476 

Anthocyrtidium group A 

Comment: Individuals which could not be identified further 

than the genus level were counted here. 

Occurrences: H2; P2, P4» EKA6 

Genus LAMPROCYCLAS Haeckel 1681 
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emend. Nigrini 1567 

Lamprocyclas maritalis Haeckel 

pi. 3, fig. 41 

Lamprocyclas maritalis Haeckel, 1887, p. 1320, pi. 74, figs. 

13* 14; Nigrini and Moore, 1S7S* pi. N75» pi. 25» figs. 4-6 

Comment: The various subspecies of L. maritalis were not 

distinguished 

Environment: WHS 

Occurrences: H12; DSDP 83A, 51C 

Genus LAKPRCCYRTIS Kling 1573 

Lamprocyrtis hannai (Campbell and Clark) 

pi. 1, fig. 42 

Calocyclas hannai Campbell and Clark, 1944, p. 48, pi. 6, 

figs. 21, 22 

Lamprocyrtis hannai (Campbell and Clark) Kling, 1573, p. 

638, pi. 5» fig. 12-14* pi» 12, figs. 10-14» Nigrini and 

Lombari, 1284, p. N165, pi. 30, figs. 2a, b 

Environment: Intermediate and Deep 

Occurrences: DSDP 33» 173 

Lamprocyrtis heteroporos (Hays) 

pi. 3, fig. 43 

Lamprocyclas heteroporos Hays, 1965» p. 173* pi. 3, fig. 1 
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Lamprocyrtis heteroporos (Hays) Kling, 1573» p. 635, pi. 5» 

figs. 15, 20 

Comment: EXTINCT 

Environment: Transitional CViS 

Occurrences: DSDP 77B, 63A, 471, 470, 32, 34, 173, 163, 310 

Lamprocyrtis neoheteroporos Kling 

pi. 3, fig. 44 

Lamprocyrtis neoheteroporos Kling, 1573, p. 635, pi. 5, 

figs. 17, 16, pl. 15, figs. 4, 5 

Commment: EXTINCT 

Environment: WWS 

Occurrences: DSDP 471, 33 

Lamprocyrtis nigriniae (Caulet) 

pl. 3, fig. 45 

Conarachnium nigriniae Caulet, 1571, p. 3, pl. 3, figs. 1-4 

Lamprocyrtis haysi Kling, 1573, p. 635, pl. 5, figs. 15, 16, 

pl. 15, figs. 1-3 

Lamprocyrtis nigriniae (Caulet) Nigrini and Moore, 1575, p. 

KS1, pl. 25, fig. 7 

Environment: WWS 

Occurrences: DSDP 471, 465 

Genus PTERCCORYS Haeckel 1861 
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Pterocorys campanula Haeckel 

Pterocorys campanula Haeckel, 1687, p. 1316, pi. 71» fig. 3 

Environment: WWS 

Occurrences: P16 

Pterocorys hertwiggi (Haeckel) 

pi. 3» fig. 46 

Eucyrtidium hertwigii Haeckel, 1687, p. 14S1» pi. £0, fig. 

12 

Pterocorys hertwigii (Haeckel) Nigrini and Koore, p. N65, 

pi. 25, fig. S 

Environment: WWS Symbiotic 
% 

Occurrences: H2, H3, H4, H6, H7. H8, H11, H12, H13; P1, P2, 

P4, P5» P6 ; ENJ3; ENA1, ENA4. ENA6, ENA8, ENAS; ENN1, ENN3, 

ENN5, ENN7 

Pterocorys macroceras (Popofsky) 

pi. 3, fig. 47 

Lithopilium macroceras Popofsky, 1S13» P» 377» figs. S1-S3, 

S5, pi. 38, fig. 2 

Pterocorys macroceras (Popofsky) Petrushevskaya, 1S71d, p. 

234, fig. 120 

Environment: WWS 

Occurrences: P6; ENA8; ENN1, ENN3, ENN5, ENN7 

Pterocorys minythorax (Nigrini) 
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pi. >, fig• 46 

Theoconus minythorax Nigrini, 1568, p. 57, pi. 1, fig. 6 

Pterocorys minythorax (Nigrini) Nigrini and Moore, 1575, p. 

NS7, pi. 25, fig. 1C 

Environments WWS 

Occurrences: ENN5 

Pterocorys zancleus (Muller) 

pi. 4. fig. 1 

Eucyrtidium zancleum Muller, 1658, p. 41, pi. 6, figs. 1-3 

Pterocorys zancleus (Muller) Nigrini and Moore, 1575, p. 

N8S, pi. 25» figs. 11a, b 

Environment: WKS 

Occurrences: H1, H2, H3, H4, H5, H6, H7, H8, HS, H10, H11, 

K12, H13; P1, P2, P4,.P5, P6, PS, PS, P10, P1S; ENJ3; ENA1, 

ENA4, ENA6, ENAS; ENN1, ENN3, ENN5, ENN7; BSEP 77B, 83A, 476 

Genus SETKOCORYS Haeckel 1681 

Sethocorys spp. Kling 

Sethocorys spp. Kling, 1573, p. 635, pi. 12, figs. 15-16 

Occurrences: DSDP 34 

Genus TETRACORETHRA Haeckel 1681 

Tetracorethra tetracorethra (Haeckel) 
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pi. 4, fig. 2 

Tetraspyris te tra c orethra Haeckel, 1887, p. 1044, pi. 53, 

figs. 1S, 20 

Tetracorethra tetracorethra (Haeckel) Petrushevskaya, 1S71d, 

p. 255$ Renz, 1S / 6 » p. 145i pi. ^i fig. 2^ 

Environment: WWS 
t 

Occurences: P6 

Genus THEOCYRTIS Haeckel 16e7 

Theocyrtis turris Cleve 

pi. 4» fig- 3 

Theocyrtis turris Cleve, 1S00, p. 12, pi. 4, fig. 7; 

Boltovsky and Riedel, 1S80, p. 128, pi. 5» fig. 23 

Occurrences: P2, P4; DSDP 33» 173 

Family ARTOSTROEIIEAE Riedel 1So7 

emend. Foreman 1S73 

Comment: Individuals which could only be identified to the 

family level were counted here. 

Occurrences: H7» H6, H11, H13 

Genus ARTOSTROEIOM Haeckel 1887 

Artostroblum auriturn (Ehrenberg) group 

pi. 4» fig. 4 
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Lithocampe aurita Ehrenberg, 1844, p. 84 

Artostrobium auriturn (Ehrenberg) group, Riedel and 

Sanfilippo, 1971, p. 1599, pi. 1h, figs. 5-8 

Environment: WWS 

Occurrences: DSDP 77B, 83A, 470, 32, 34, 33, 173, 183 

Artostrobium miraltense Riedel and Sanfilippo 

pi. 4, fig- 5 

Artostrobium miraltense Riedel and Sanfilippo, 1971, p. 

1599, pi. 1h, figs. 1-3, pi. 8, figs. 14, 15 

Comment: EXTINCT 

Environment: WWS 

Occurrences: DSDP 32, 33, 173, 183 

Artostrobium dolium (Campbell and Clark) 

pi. 4, fig. 6 

D i c t y o c e p ha 1 u s m i r alestensls Campbell and Clark, 1944, P* 

45, pi. 6, figs. 12-14 

Arto s troblum dolium (Campbell and Clark) Riedel and 

Sanfilippo, 1971, p. 1599, pi. 1h, figs. 9-17, pi. 2i, figs. 

9, 10, pi. 3e, fig. 12 

Comment: EXTINCT 

Occurrrences : DSDP 83A 

Genus LITHAMPHORA Popofsky 1908 
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Lithamphora furcaspiculata Popofsky 

Lithamphora furcaspiculata Popofsky, 1508, p. 255» pi. 3c, 

figs. 6-8; Casy, 1571b, p. 341. pi. 23.3, figs. 5, 1C 

Occurrences: H4, H7, H6, H11, H12, H13 

Genus LITHOKITRA Butschli 1862 

Lithomitra lineata (Ehrenberg) group 

pi. 4, fig. 7 

Lithocampe 1 ineata Ehrenberg, 1654». P» 130 

Lithomitra lineata (Ehrenberg) group, Riedel and Sanfilippo, 

1571, p. 1600, pi. 11, figs. 1-11, pi. 2i, figs. 14-16, pi. 

3e, fig. 14 

Environment: WWS 

Occurrences: ESEP 83A, 34» 33» 163 

Genus SIPHOCAMPE Haeckel 1861 

Slphocampe corbula (Harting) 

pl. 4» fig. 6 

Lithocampe corbula Harting, 1863» p. 12, pl. 1, fig. 21 

Siphocampe corbula (Harting) Riedel and Sanfilippo, 1571» 

pl. 1h, figs. 16-25 

Environment: WWS 

Occurrences: ESEP 77B, 33» 173 
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Genus SPIROCÏRTIS Haeckel 1681 

emend. Nigrini 1377 

Splrocyrtis scalaris Haeckel 

pi. 4, fig. 5 

Splrocyrtis scalaris Haeckel, 1887, p. 1503, pi. 7c, fig. 

14» Riedel and Sanfilippo, 1S71» p. 16C1, pi. 1g, figs. 

25-27 

Environment: WWS 

Occurrences: P2, P4. P5* F6, P8, PS; ENN1, E1IN7; DSIP 77E, 

175 

Family CANHOBCTRYIIDAE Haeckel 1861 

emend. Riedel 1367 

Genus ACROEOTRYS Haeckel 1681 

emend. Petrushevskaya 1365 

Acrobotrys cribosa (Popofsky) 

Acrobotryssa cribosa Popofsky, 1315» p. 522, fig. 23; Casey, 

1371b, p. 559, pi. 25. 2, figs. 2, 4 

Acrobotrys cribosa (Popofsky) Petrushevskaya, 1S716, p. 165 

Environment: WWS 

Occurrences: P1, F2, P4, P6, P18; ENJ5; ENA4, ENA6, ENA8, 

ENAS; EKK1, ENN7. 
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Acrobotrys teralans Renz 

pi. 4, fig. 10 

Acrobotrys teralans Renz, 1976, p. 152, pi. 7, fig. 8 

Environments WWS 

Occurrences s P4» P5» P6, P9, P16j ENN5, ENN7 

Acrobotrys group A 

Comments All other acrobotryids were placed in this catch 

all group 

Environments WWS 

Occurrences s P6, P8, P10, ENN7 

Environments 

Genus BOTRYOCYRTIS Ehrenberg 1860b 

pi. 4, fig. 11 

WWS 

Occurrences s H7, H8; P1, P2, P4, P5, P6, P8, P9, P10, P11, 

P14, P16, P18; ENJ3? ENA6, ENA8; ENN5» ENN7» DSDP 77B 

Genus CENTR0B0TRYS Petrushevskaya 1965 

Occurrences s 

pi. 4, fig. 12 

H6, H8, H11, H13; ENN5 

Family CARPOCANIIDAE Haeckel 1881 

emend. Riedel 1967 

pi. 4, fig- 15 
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Comment: All members of this group counted here are typical 

oarpocanids with nearly- indistinguishable cephalis and 

thorax. Thorax ovate with ussuàlly longitudinal pore 

arrangement. Constricted peristome occasionally bears small 

teeth. 

Environment: WWS 

Occurrences: H1, H5, H7, H8, H9, H11, H12, H13; P1, P2, P4» 

P5, P6, P8, P9, P11j ENA8; ENN1, ENN3, ENN5, ENN7, DSBP 77B, 

83A, 476, 32, 33, 173, 310 

Family ACANTHODESMIDAE Haeckel 1860b 

Acanthodesmid group A 

Comment: These individuals could only be identified to the 

family level. 

Occurrences: H1, H2, H5, H7, H13; P1, P2, P4, P5, P6, P8, 

P9, P10, P11, P12, P14, P16, P18; ENJ1, ENJ3; ENA1, ENA4, 

EN A 6, ENA8, ENA9} ENN1, ENN3, ENN5, ENN7 ; DSDP 77B, 83A, 

476, 32, 33, 173, 183, 185, 310 

Acanthodesmid group B 

Comment: D- rings were counted only as an operational 

taxonomic unit as they are commonly only fragments of a 

larger test. 
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Occurrences: H1 , H2, H3, H4, H5, H6, H7, H8, HS, H12, H13; 

P2, P4, P5, P6, P8, PS, P10, P11, P12, P14, P16, P18; ENJ1, 

ENJ3; ENA1, ENA4, ENA6, ENA8, ENAS; ENN1, ENN3, ENN5, ENN7 

Genus CANTHROSPYRIS Haeckel 1887 

Canthrospyris platybursa Haeckel 

Canthrospyrls platybursa Haeckel, 1887, p• 1051, pl. 53, 

fig. 7; Renz, 1S76, p. 171, pl. 8, fig. 10 

Occurrences: ENN7 

Genus CERATOSPYRIS Ehrenberg 1847a 

pl. 4, fis- 14 

Comment: Bilocular cephalis, large pores, no thorax, and 

numerous basal feet 

Environment: WWS 

Occurrences: P4; ENJ1 

Genus LIRIOSPYRIS Haeckel 1881 

emend. Goll 1S77 

Lirlospyris reticulata (Ehrenberg) 

pl. 4, fig. 15 

Dlctyospyris reticulata Ehrenberg, 1872a, p. 30.7 
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Liriospyris reticulata (Ehrenberg) Goll, 1968, p. 

176, figs. 9, 11, 13; Nigrini and Moore, 1979, p 

19» figs. 4a, b 

Comment: Same as Amphispyris costata 

Environment: WWS 

Occurrences: P4 

1429, pi. 

N13, pi. 

Genus PHORMOSPYRIS Haeckel 1881 

emend. Goll 1977 

Comment: Bilocular cephalis, robust shell, three basal feet, 

four large basal pores 

Phormospyris stabilis Goll 

pi. 4, fig. 16 

Phormospyris stabilis Goll, 1977, p. 390, pi. 1, pi. 2, 

figs. 7-14 

Environment: WWS 

Occurrences: H6, H8, H11, H12; P4; DSDP 83A 
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Figure 

D 
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7) 
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12) 

13) 
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15) 

16) 

17) 
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20) 

21 ) 

22) 

'23a, b) 

24) 

Acrosphaera collina Haeckel 

Acrosphaera flammabunda (Haeckel) 

Acrosphaera lappacea (Haeckel) 

Acrosphaera murrayana (Haeckel) 

Acrosphaera Spinoza (Haeckel) 

Collosphaera huxleyi Muller 

Collosphaera macropora Popofsky 

Collosphaera tuberosa Haeckel 

Siphonosphaera martensi Brandt 

Slphonosphaera polyslphonia Haeckel 

Solenosphaera zanquebarica (Ehrenberg) 

Solenosphaera group B 

Solenosphaera group C 

Tribonosphaera centripetails Haeckel 

Actinommid group A 

Acanthosphaera actinota (Haeckel) 

Acanthosphaera insignis (Hertwig) 

Actinomma arcadophorum Haeckel 

Actinomma mediannum Nigrini 

Actinomma sp. A 

Astrosphaera hexagonalis Haeckel 

Cladococcus scoparlus Haeckel 

Axoprunun angalinum (Campbell and Clark) 

Cenosphaera group 
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25) Haliomma erinaceum Haeckel 

26) Hexacontium group 

27) Hexastylus group 

28) Sphaeropyle group 

29) Spongosphaera streptacantha Haeckel 

30) Saturnalis circularis Haeckel 

31) Cyapssls Irregularis Nigrini 

32) Didymocyrtis penultima (Riedel) 

33a) 
33b) 

Didymocyrtis tetrathalamus (Haeckel) 
Internal bars 

34) Phacodiscid group 

35) Heliodiscus asteriscus Haeckel 

36) Porodiscid group 

37) Stylodictid group 
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PLATE 2 

Figure 

D Amphiropalum ypsilon Haeckel 

2) Dictyocorne produnda/truncatum Ehrenberg 

3) Euchitonia furcata/elegans Ehrenberg 

4) Hymenestrium group 

5) Spongaster klingi Riedel and Sanfilippo 

6a, b, c) Spongaster pentas Riedel and Sanfilippo 

7) Spongaster tétras Ehrenberg tétras Nigrini 

8) Spongaster tétras Ehrenberg irregularis Nigrini 

9) Spongocore puella Haeckel 

10) Spongodiscus resurgens Ehrenberg 

11a, b) Spongodiscid group 

12) Spongopyle osculosa Dreyer 

13) Spongotrochus glacialis Popofsky 

14) Spongotrochus venjustum (Bailey) 

15) Myelastrinae group 

16) Tetrapyle octacantha/quadriloba Muller 

17) Octopyle stenozona Haeckel 

18) ÎPrunopyle antarctica Dreyer 

19a, b) Hexapyle group 

20) Tholonid group 

21) Larcopyle butschlii Dreyer 

22) Larcospira sp. 

23) Larcospira mos.chkovskii Krugilova 

24) Larcospira quadrangula Haeckel 
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25) Lithelius alveolina Haeckel 

26) Lithelius nautiloides Popofsky 

27) Lithelius minor Jorgensen 

28a, b) Pylospira octapyle Haeckel 

29) Spongurus cf. elliptica (Ehrenberg) 

30) Spongurus pylomaticus Riedel 
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PLATE 3 

Figure 

D 
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6) 

7) 

8) 
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10) 

11 ) 

12) 

13) 

14) 

15) 

16) 

17) 

18) 

19) 

20) 

21) 

22) 

23) 

24) 

Lophophaenid group B 

Arachnoeorys group 

Helptholus histricosa Jorgensen 

Lithomellssa monoceras Popofsky 

Lophophaena cylindrica (Cleve) 

Lophophaena varlabilis (Popofsky) 

Lophophaenoma witjazzi Petrushevskaya 

Perldium spinipes Haeckel 

Neosemantis distephanus Popofsky 

Callimitra group 

Ciathrocanium ornaturn Popofsky 

Theophormis callipilium Haeckel 

Theopillum tricostaturn Haeckel 

Calocyclas vestalis Haeckel 

Dictyophimus crlsae Ehrenberg 

Dlctyophimus gracilipes Bailey 

Dictyophimus infabrlcatus Nigrini 

Eucyrtidium acuminatum (Ehrenberg) 

Eucyrtidium anomalum Haeckel 

Eucyrtidium calvertense Martin 

Eucyrtidium hexagonaturn Haeckel 

Eucyrtidium hexastlchum (Haeckel) 

Lipmanella bombus (Haeckel) 

Lipmanella dictyoceras (Haeckel) 



25; Lithocampe group 

26) Lithopera bacca Ehrenberg 

27) Pterocanium korotnevi (Dogiel) 

28) Pterocanium praetextum (Ehrenberg) 

29) Pterocanium prismatium Riedel 

30) Pterocanium trilobum (Haeckel) 

31) Stichocorys delmontensis (Campbell and Clark) 

32) Stichocorys peregrina (Riedel) 

33) Theocorythium vetulum Nigrini 

34) Stichopera pectinata Haeckel 

35) Theocalyptra bicornis (Popofsky) 

36) Theocalyptra davisiana (Ehrenberg) 

37) Cornutella profunda Ehrenberg 

38) Peripyramis circumtexta Haeckel 

39) Anthocyrtidium ehrenbergii (Stohr) 

40) Anthocyrtidium ophirense (Ehrenberg) 

41) Lamprocyclas maritalis Haeckel 

42) Lamprocyrtis hannai (Campbell and Clark) 

43) Lamprocyrtis heteroporos (Hays) 

44) Lamprocyrtis neoheteroporos Kling 

45) Lamprocyrtis nigrinii (Caulet) 

46) Pterocorys hertwiggi (Haeckel) 

47) Pterocorys macroceras (Popofsky) • 

48) Pterocorys minithorax (Nigrini) 
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PLATE 4 

Figure 

D Pterocorys zancleus (Muller) 

2) Tetracorethra tetracorethra (Haeckel) 

3) Theocyrtia turris Cleve 

4) Artostrobium auritum (Ehrenberg) group 

5) Artostrobium miraltense Riedel and Sanfilippo 

6) Artostrobium dolium (Campbell and Clark) 

7) Lithomitra lineata (Ehrenberg) group 

8) Siphocampe corbula (Harting) 

9) Spirocyrtis scalaris Haeckel 

10) Acrobotrys teralans Renz 

11 ) Botryocyrtis group 

12) Centrobotrys group 

13) Carpocanid group 

14) Ceratospyris group 

15) Liriospyris reticulata (Ehrenberg) - 

16) Phormospyris stabilis Goll 
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