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ABSTRACT 

Three aspects of Recent dinoflagellate cyst and acritarch paleo

ecology in the California Current are examined in the present study. 

First the biogeography of these palynomorphs is described from seventy 

surface sediment samples distributed from 480 to 240 N latitude. 

Then yearly variations in the oyst deposition in varved Santa Barbara 

Basin sediments are documented and compared with historical oceanographic 

variations. Finally, the systematics of the dinoflagellate cysts 

and acritarchs are presented. 

Six regions within the California Current were studied; aquatic 

palynomorphs varied in peak abundance as follows: Baja California 

> Southern California Bight = Gulf of California > Washington Shelf 

> San Juan Islands > Central California. One region, the Washington 

Shelf is characterized by abundant freshwater or enigmatic palynomorphs, 

while marine dinoflagellates and acritarchs dominate the others. 

Large scale dinoflagellate cyst abundance variations can be attributed 

partly to variations in annual seasonal amplitude in oceanographic 

factors, which influences the ratio of cyst forming to non-cyst forming 

dinoflagellates. In addition, the hydrographic regime 1s more conducive 

to dinoflagellate growth in the southern areas. Within the Southern 

California Bight and Gulf of California, abundance variations are 

due to a complex interaction of production, sedimentation and preservation. 

The most important dinocyst group in the region is the genus 

Spinifer1t~s, with several different species reaching dominance. 
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Linguloginium machaerophorum is the most abundant cyst in the Southern 

California Bight, however. Broad similarity is seen in assemblages 

from the six areas, with a general tendency to add species to the 

flora during the flow of the current south and into the Gulf of Califor

nia. Most of the forms found in the San Juan Islands, Washington 

Shelf and Central California persist into the southern regions. In 

comparing these cyst floras to published planktonic dinoflagellate 

censuses, several species are either over- or underrepresented in 

sediments. 

To determine whether distinctive dinocyst communities could be 

detected in particular geographic areas a two way indicator species 

analysis was run. This hierarchical technique of clustering, based 

on reciprocal averaging, revealed interregional differences in community 

composition and delineated oceanographically determined cyst regions. 

The Washington Shelf was separated from all others based on a predominance 

of freshwater palynomorphs. Other distinctive regions include the 

Inshore Southern California Bight (dominated by .L.. machaerophorum), 

the Offshore Oregon Region (Impasidinium spp. ) , and the Southern 

Current, Baja California and Gulf of California Region (Spiniferites 

spp. and others). Smaller SUbregions and areas within these divisions 

were also detected, based on subtler cyst community differences. 

The species groupings obtained from the analysis comprised a range 

from the northern and freshwater forms, through widely distributed 

species, to the strictly southern dinocysts. 

Yearly variations in cyst abundance from dated Santa Barbara 

Basin varves representing sediment deposited in the years 1925 to 
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1910 A.D. were dooumented. Wide fluotuations in total and individual 

speoies annual influx were found whioh were oompared to the years 

of known blooms of oyst-forming dinoflagellates and published sea 

surfaoe temperature time series, inoluding reoords of ooeanwide El 

Nino ooourrenoes. LingulQdinium maohaerophorum, Spiniferites spp. and 

total oyst abundanoe apparently respond negatively to annual sea surfaoe 

temperature. In addition, some blooms of Gonyaulax PolYedra tollow 

reoorded peaks in deposition of its oyst. It is proposed that the 

responses of these two major oyst types to fluotuations in ourrent 

adveotion. upwelling and temperature differ due to their divergent 

eoology and inferred survival strategies. 

The palynologioal examination yielded 64 speoies of palynomorphs 

ot whioh 33 are existing speoies, 25 are desoribed using open or ot.-type 

nomenolature and six are proposed as new. Three new genera are also 

proposed. Abundanoe distribution maps ot signifioant speoies are 

also presented. 
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CHAPTER ONE

GENERAL INTRODUCTION AND REVIEW OF PREVIOUS QUATERNARY

DINOFLAGELLATE CYST STUDIES

The cysts of dinoflagellates represent a survival strategy that 

these organisms have employed for at least two hundred million years. 

Owing to their rapid and definitive evolution, their application in 

biostratigraphy has attracted growing interest over the past fifty 

years (see Sarjeant, 1974 for review). Their use in paleoecology 

has been a more recent development. Paleoecological interpretations 

of Mesozoic and Tertiary microfloras depend on the use of modern analogs; 

therefore the rate of progress in understanding modern cyst distributions 

is important for the recognition of environments using cysts in older 

strata. 

The most efficient method yet found for the study of the paleoecology 

of Quaternary marine miorofossils is first to document the distributional 

trends of the present liVing community from the thanatocoenose (ftdeath 

assemblageft ) in surfaoe sediments; second to calibrate these distributions 

to the ambient oceanographic and sedimentologic conditions, and finally 

to compare these assemblages to those deeper in the sedimentary sequence 

to deduce conditions at the time of their deposition. The comparison 

and extrapolation procedure can be achieved either quantitatively 

and objectively, through the use of regression analysis and transfer 

functions (Imbrie and Kipp, 1971) or more subjectively, by inspecting 
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downcore abundance changes of ecological indicator species (see e. g. San

cetta, 1983). In the latter method, there is less reliance on statistics, 

some of which require spurious, and often untested assumptions about 

the properties of microfossil distributions. 

The understanding of biogeographic distributions of the microfossil 

group is the first step in the process of reconstruction. For dino

flagellate cysts, the Pacific region has been studied far less than 

the Atlantic or even Arctic Oceans. In the Pacific, the majority 

of Quaternary cyst censuses have been undertaken in the Far East, 

inclUding the seas around Japan (e.g. Matsuoka, 1976a, 1979, 1983) 

and the Philippines (Matsuoka, 1981a). On the west coast of North 

and South America, studies only of limited areas (Dobell, 1978 mB; 

York, 1984 ms) or of less than comprehensive scope (Arends and Damassa, 

1980; Ballog and Malloy, 1981) have been performed, despite the fact 

that the California Current System is one of the best studied oceanographic 

regions of the world. The concentration of scientific effort in the 

area is the result of intensive fisheries interest and high human 

population. The most complex and interesting areas of the current 

are the Southern California Bight and the Gulf of California, which 

have also attracted the greatest density of surface sediment sampling. 

The present study will focus more closely on the cyst communi ties 

from these two areas, then compare them with prevailing physical and 

chemical conditions of the overlying waters and known planktonic trends. 

These patterns are described in Chapter 2. 

The second step in this paleoecological study will be to apply 

the ecological properties of the cyst species to assemblages preserved 
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in yearly varves of the Santa Barbara Basin (SBB). These varves have 

been intensively sampled and documented for a number of sedimentological 

parameters and microfossil groups. Because actual dates can be assigned 

to the upper varves, their contents can be compared with other historical 

time series, obtained in the middle part of this century by regular 

seawater sampling done from the Scripps Institution of Oceanography, 

La Jolla. Many of these serial studies have focussed on the scale 

and cause of interannual oceanographic anomalies, especially the aperiodic 

warming of the surface waters of the Eastern Equatorial and Subtropical 

Pacific connected with the economically and socially disruptive El 

Nino-Southern Oscillation (ENSO) phenomenon of Peru. This study tests 

whether cyst abundances vary substantially between the varves, and 

if so, whether the variation can be related systematically to concomitant 

events in the California Current (Chapter 3). 

The third main objective is to describe systematically the cysts 

found in the study area, since this has not yet been done comprehensively. 

The closest area for which it has been done is the coastal" region 

of Vancouver Island and the adjacent British Columbia mainland (Dobell, 

1978 ms; Dobell and Taylor, '980). Included in that set of descriptions 

(Chapter 4) is a discussion of the problematic topic of dinoflagellate 

classification. 

Before proceeding, it is useful to review the scope of previous 

studies of Quaternary and modern dinocysts., 

,In this study the Quaternary is used to represent the last '.6 
million years (Haq ~Al., 1977) while "modern" denotes the last several 
hundred years (post-Hypsithermal). 
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PreVious Quaternary Dinoflagellate Cyst Studies 

The history of Quaternary dinoflagellate cyst research is short 

compared to that of other fields of micropaleontology and palynOlogy. 

Until the late 1950' s it was thought that the hystrichospheres (now 

known to include chorate dinoflagellate cysts) had become extinct 

by the end of the Tertiary (Reid and Harland, 1977), despite the fact 

that early plankton workers had found cysts and described them along 

with motile forms (e.g. Stein, 1883; Kofoid and Swezy, 1921). It 

was probably the relatively low density of cysts in the plankton that 

hindered the recognition of their importance in the life cycle of 

many dinoflagellate species. Before the late 1950's, few palynologists 

examined modern marine sediments. Wall (1970) has attributed this 

lack of early work on Quaternary cysts to the fact that the field 

falls between the interests of biological oceanographers and stratigraphic 

palynologists. The potential contribution of the study of Quaternary 

forms to both fields has now been recognized. The early history of 

discoveries that led to this realization has been well documented 

in a number of publications (e.g. Wall, 1970; Sarjeant, 1974; Harland, 

1977; Reid and Harland, 1977; Dale, 1983). A comprehensive bibliography 

and brief description of work up to 1977 has been prepared by Bradford 

( 1978a). I will concentrate on work done on Quaternary dinocysts 

since 1970, but will first present a brief history of pre-1970 work. 

The first undoubted descriptions of modern dinoflagellate cysts 

were published by Stein in 1878 and 1883 (Bradford, 1978a). Several 

anecdotal mentions of cysts followed in the years up to 1904, when 
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Lohmann pUblished accounts of hystrichospheres from modern plankton 

off the west coast of South America which he interpreted as planktonic 

eggs (Sarjeant, 1974). The next report of dinocysts was Paulsen's 

(1908) paper illustrating the cyst of Protoperidinium cf. pentagonum 

(Wall and Dale, 1968a). In the period up to the discovery of cysts 

in modern sediments, further documentation of planktonic forms was 

made by Huber and Nipkow (1922, 1923) for freshwater cysts, and Lebour 

(1925) and Braarud and coworkers (e.g. 1945) for marine dinoflagellates. 

During the same interval, work on pre-Quaternary organic-walled micro

fossils was published by W. Wetzel, O. Wetzel, Eisenack, Deflandre, 

and Lejeune-Carpentier (Sarjeant, 1974). The first studies that recognized 

indigenous marine cysts in modern sediments were those of Muller (1959) 

and McKee ~Ai. (1959). They ushered in the period of great expansion 

in the field, from 1959 to 1969 (Wall, 1970). 

In his review, Wall (op. cit.) stated that two other develop

ments at the turn of the 1960' s s purred the growth of interes t in 

Quaternary dinocysts: the recovery of abundant hystrichospheres from 

Pleistocene sediments by pollen and spore workers (e.g. West, 1961; 

Rossignol, 1961; 1963), and the deduction by Evitt (1961, 1963) of 

the true nature and affinity of these fossils, as well as of known 

fossil dinoflagellates, based on the recognition of the excystment 

aperture or archeopyle. Evitt's deductions were confirmed soon therafter 

by the discovery of living hystrichospheres (Rossignol, 1963; Evitt 

and Davidson, 1964) and their germination to produce motile forms 

(Wall, 1965; Wall and Dale, 1968a). 

The progress of the field since 1970 can be documented most easily 
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under four main headings: the description of new forms, marine cyst 

biogeography and paleoecology, cyst-motile stage interactions (including 

toxicity) and freshwater cysts. 

Description of new forms 

The 1960's had seen the description of many new genera and species 

of Quaternary cysts, principally by David Wall and Barrie Dale, Martine 

Rossignol, M. -T. Morzadec-Kerfourn, and Rex Harland. In the next 

fifteen years the number of known cyst types of this age nearly doubled 

(Table 1. 1) : 57 new species reported since 1970 up to December 1985 

compared to approximately 60 previously). A large number of the new 

cysts remain uncorrelated to thecae owing, in part, to their greater 

rarity than previously described types. There has been a proliferation 

of new cyst names since 1970, but many of these new binomens in effect 

just rename cysts discovered by Wall and Dale. Those superfluous 

names are not included in the enumeration of Table 1.1. Names listed 

there, either motile- or cyst-based, are those used in the cited publi

cations. 

The relatively low number of new Quaternary cyst descriptions 

is despite the large number of new regions studied. Most marine dino

flagellates are relatively cosmopolitan, as are many other pelagic 

organisms. 

In 1971 new assemblages were described from Japan (Takahashi, 

1971), the west coast of South Africa (Davey, 1971; Davey and Rogers, 

1975) and offshore Crete (Rossignol and Pastouret, 1971). Later, 

assemblages from other Japanese waters and sediments were studied 



Tab Ie 1. 1• Qua ternary dinoflagellate cysts newly discovered 
from 1970 to 198'5 
+ - not from palynologically treated sediments 
++ - freshwater cyst 
• - new genus
•• - genus new to Quaternary
o - motile stage known

Aythors 

Gonyaulacoid cysts 

Achomosphaera andalousiense Jan du Chene, 1977 
A. callosa Matsuoka, 1983 

• Amiculosphaera umbracula Harland, 1979 
•• Corrudinigm barlandii Matsuoka, 1983 

Hystrichokolpoma okinawaia Matsuoka, 1979 
n!I. pacifica 

Impagidinium japonicum Matsuoka, 1983 
nLingulodinium sadoense
n•• Melitaspgaeridium aeguabile 
n.M. angustum 

Operculodinium centrocarDum 
var. minus Morzadec-Kerfourn,1979 

Q. erassum Harland, 1979 
Q. longispinigerum Matsuoka, 1983 
O. wallii n

n• Reticulatospbaera stellata 
•• Rottnestia amphieavata Dobell and Norris 

in HarlandII ale , 1980 
x. amphieayata var. amDgicayata Dobell and Norris 
Spiniferites asperulus Matsuoka, 1983 
~. belerius Reid, 1974 
S. bentori var. globus Morzadec-Kerfourn,1979 
S. erueiformis Wall and Dale 

in Wall et .al., 1973 
~. delieatus Reid, 1974 

nS. elongatus 
~. firmus Matsuoka, 1983 
~. frigidus Harland and Reid 

in Harland ~.al.,1980 
~. inaegualis Wall and Dale 

in Wall .n. .al. , 1973 
~. lazus Reid, 1974 
S. nanus Matsuoka, 1976a 
S. oyatus Matsuoka, 1983 
~. serratus n 

Tectatodinium psilatum Wall and Dale 
in Wall ll~.,1973 

0+ Gonyaulax monilata Walker and Steidinger, 1979 
o Protogonyaylax catenella Matsuoka, 1985 
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Per1dinioid cysts 

++ Aquadulcum serpens Harland and Sarjeant, 1970 
++ A. yanchapense " Brigantedinium auranteum Reid, 1977

~. ma1usculum " Dubridinium cassiculum " Q. ulsterum " • Leipokatium inyisitatum Bradford, 1975
•• Le1eunecysta diyersiforma Bradford, 1977 

k. diyersiforma subsp. muscatense " ?Hultispinula minuta Harland and Reid 
in Harland ~~., 1980 

TrinoYantedinium oliyum Reid, 1977 
0+ Heterocapsa triquetra Anderson .ll .al., 1982b 
o Peridinium? americanum Wall .ll .Al., 1977 
o i.. faeroense Dale, 1977b 

.f.. ponticum Dale, 1983 
Protoperidinium diyaricatym Reid, 1977; 

Matsuoka .i.t. .Ai., 1982 
0+ ".f.. minutum" Fukuyo .i.t. .il,.., 1977 
0+ i.. thQrianum Lewis ~ .al., 1984 
0+ ?.f.. hangoei " 
Other cysts 

++ CQbricosphaeridium bebes Harland and Sarjeant, 1970 
++ Q. &piniferum subsp. elegans " 
++ ~. spiniferum subsp. spiniferum " 
0+ GYmnodinium catenatum Morey-Gaines, 1979 
o GYrQdinium instriatum Matsuoka, 1985 
0+ ~ uncatenum Anderson .ll .al., 1982a 
o y. resplendens Dale, 1983 
o PheoPQlykrikQs hartmanii Matsuoka and Fukuyo, 1985 
o PQlykrikQs kQfQidii Morey-Gaines, 1979 
o i.. sghwartzii Reid, 1978 

Ranges extended into the Quateruary 

AghQmQsphaera perfQrata Morzadec-Kerfourn, 1984 
A. ramulifera Takahashi, 1971 

o Pentadinium membranageum Dale, 1976 
Siligisphaera ferox Takahashi, 1971 
Spiniferites lenzi Matsuoka, 1983 
~. ramgsus subsp. rampsus Bradford and Wall, 1984 
~. pseudQrurgatus (as tertiaria) Morzadec-Kerfourn, 1979 
Leieunegysta paratenella Harland, 1977 
ThalassiphQra deligata Wall, 1970 
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SullllBry Peridinioids Gonyaulacoids Others Total 

New species 
New varieties 
Species extended 

into Quaternary 
Pre-1970 species: ca. 60 

18 
0 

1 

30 
3 

7 

9 
2 

1 

57 
5 

9 
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by Matsuoka (1976a, 1981b, 1983, 1985), Fukuyo and coworkers (1977; 

1979) and Kobayashi ~~. (1981). 

P.C. Reid (1972) first described modern cysts from surface sediments 

around the British Isles in 1972. SUbsequent workers expanded coverage 

of this area (Reid, 1974, 1977; Harland, 1977, 1978a, b; Harland ~

~., 1978; Hughes ~ ~., 1978). 1973 saw publication of Quaternary 

assemblages from the Grand Banks of Newfoundland (Harland, 1973), 

the Black Sea (Wall II .al., 1973) and New Zealand (Wilson, 1973). 

Next, new cyst forms from the Persian Gulf region were documented 

by Bradford (1975, 1977), while Dale (1976) published the first account 

of assemblages from Norwegian coastal sediments. 

In 1977 there was a flurry of publication on Quaternary dinocysts, 

but the only one which described assemblages from new areas was by 

Wall ~.al. who, as part of an ocean-wide study, documented assemblages 

from the eastern seaboard of the United States and from new regions 

of the Caribbean Sea, the Mediterranean Sea, offshore Peru and Argentina, 

the Azores and the Canary Islands. Two years later, Bay of Biscay 

cyst communities were described from the top of a DSDP core by Harland 

(1979). That same year, Rossignol-Strick and Duzer published a list 

of dinocysts from offshore West Africa and Morzadec-Kerfourn described 

specimens from the Mediterranean Sea north of Tunisia. With 1980 

came the first descriptions of Arctic dinocysts from the Beaufort 

Sea (Harland ~ ~., 1980) and subsequently Harland (1982a) published 

a paper on the cyst flora of the Barents Sea. Also in 1980, Arends 

and Damassa figured cysts found in Southern California offshore sediments 

while the next year (1981), Ballog and Malloy showed specimens from 
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a DSDP core off Baja California and Matsuoka (1981a) described cysts 

from the pelagic muds of the Philippine Sea. 

The recognition of new organic walled dinoflagellate cysts may 

increase in the future, as examination of problematic acritarchous 

palynomorphs continues. Examples of these unusual cysts include that 

of Peridinium faeroense (Dale, 1977a, see also Braarud, 1945) and 

the many unnamed forms figured by Traverse (1978). Matsuoka (1981b) 

mentions, but does not describe or figure, acritarchous gymnodinialean 

cysts. 

One group of cysts has attracted relatively little attention 

since being discovered in Quaternary sediments by Wall and Dale (1968b). 

These "are the calcareous cysts of the genera Ensiculifera Balech 1967 

and Scrippsiella Balech 1959. Some studies (Dale, 1976, 1983) indicate 

a great abundance of these bodies in certain warm-water areas. The 

paucity of reports on calcareous cysts may be attributed to the prevailing 

palynological treatment, which dissolves calcite from preparations. 

Marine Cyst Biogeography and Paleoecology 

As mentioned above, understanding cyst biogeography is a prerequisite 

for paleoenvironmental interpretations. While studies of modern assem

blages at particular locations increase our knowledge of cyst associations 

in particular environments, larger scale studies are more efficient 

for this purpose. The first such project was done by D.B. Williams 

( 1971 ) • He studied the geographic variation of modern assemblages 

from 35 locations in the North Atlantic. Using principal components 

analysis, ten distinct assemblages were recognized and a biofacies 
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map was constructed. His biofacies correspond well with surface currents 

and water masses. Williams identified certain species as indicators 

of particular oceanographic conditions, including the cold-water form 

Operculodinium centrocarpum and the predominantly oceanic cysts Nemato

sphaeropsis labyrinthea and Spiniferites mirabilis. Williams (1971) 

suggested that Quaternary assemblages might form the basis of stratigraphic 

correlations and aid in reconstructing past water movements. Reid 

and Harland (1977) incorporated Williams' biofacies into their review 

of North Atlantic assemblages: they cited fourteen distinct cyst 

regions. Finally, in an updated summary of knowledge to that time, 

Harland (1983) published comprehensive distribution maps of dinoflagellate 

cysts of the North Atlantic. 

After Williams, most work in the field has been concerned with 

smaller scale distribution patterns, with the notable exception of 

Wall ~ Ai. (1977) to be discussed below. The earliest detailed study 

was the thesis of p.e. Reid on the intertidal assemblages of the British 

Isles (1972, 1975), where a cluster analysis detected eleven regions 

based on cyst floras; the main environmental control was the degree 

of oceanic influence. These regions were found to correspooo quite 

closely to the hydrographic water masses indicated by chaetognaths. 

The regional distribution of these cysts has been further documented 

by Harland (1977). 

In 1977, two other important papers were published on the ecological 

factors influencing cyst communities. Morzadec-Kerfourn (1977) sampled 

an onshore-offshore transect on the coast of Brittany and detected 

three zones (oceanic, coastal and estuarine), using both pollenldinofla
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gellate cyst ratios and the species composition of the cyst assemblage. 

This trend was further elaborated in the monumental study of Wall 

~~. (1977) on 168 cyst assemblages from the Atlantic. Using auteco

logical and synecological approaches, latitudinal and offshore gradients 

in hydrographic and sedimentologic factors were found to be the major 

causes of variation in the communities. Eleven associations and fourteen 

environment types were identified; then the ecological and depositional 

influences were then assessed for their control on distributions; 

and, finally, species and assemblage characteristics were related 

to s tabil i ty-diversi ty concepts and selection pressures acting on 

dinoflagellates. A seminal and integrative work, these results deserve 

greater attention that they have received hitherto. 

In one of the few comprehensive projects on cyst assemblages 

and biogeography in a tropical area, Bradford (1977, ms, see also 

Bradford- and Wall, 1984) used cluster analysis to delineate eight 

cyst regions in the Persian Gulf area and also characterized the cyst 

morphotypes according to their response to restricted circulation, 

high turbulence and severe temperature and salinity fluctuations. 

The species diversities of both cyst and motile stage communities 

were reduced along a NW/SE gradient gradient of decreasing oceanic 

influence in the Persian Gulf but in the oceanic Gulf of Oman and 

Arabian Sea, motile communities continued to increase in diversity 

while cysts were sUbstantially reduced. This area provides a good 

model for the numerous epicontinental seas of the fossil record. 

Applying surface sediment assemblages to the discerning of climatic 

changes began early in the history of this field, with the study of 
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Rossignol ( 1962) on Medi terranean Sea sediments off Israel. There 

a high salinity, warm-water Polysphaeridium zoharyi-dominated assemblage 

alternates with a normal salinity cyst community composed of Lingulodinium, 

Spiniferites, and Operculodinium species. This type of alternation 

of species groups is a recurrent feature of dinoflagellate bearing 

sequences. The patterns indicate either warm/cold cycles and concomitant 

variation in circulation or changing sea levels and salinities. In 

temperate latitudes, these studies have been done in four major areas: 

the Northwest Atlantic, the Black Sea, the coast of West Africa and 

the western Mediterranean Sea. The Institute of Geological Sciences, 

Leed s, U•K. has ini tia ted most studies of offshore boreholes from 

the first of these regions; Harland and coworkers (e.g. Gregory and 

Harland, 1977) have shown that increases in North Atlantic Current 

dinoflagellates, e.g• .Q. centrocarpum, correlate with climatic amelior

ations, a result supported by the accompanying benthic Foraminifera. 

Poorer assemblages indicated periods of climatic deterioration and 

reduced influence of the current. 

Harland (1979), in a subsequent study of a longer geological 

interval, used cysts to interpret oceanographic changes in the Plio

-Pleistocene of the Bay of Biscay. Several indicator assemblages 

found in previous studies succeed each other in these cores: an upper 

East Atlantic assemblage (X. labyrintbea, ~. mirabills, Bitegtatgdinium 

tepikiense and .Q. centrocarpum) was preceded by an assemblage high 

in Protoperidlnium spp. cysts (the Southern North Sea assemblage) 

which indicates shallower water and a more southerly position for 

the North Atlantic Current. Below these assemblages species-poor 
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floras were found, possibly reflecting even more severe climates. 

Earlier Pleistocene and Pliocene samples contained both these and 

other communities (the Imoagidinium-dominated Moroccan and Intermediate 

Neritic assemblages). Impagidinium species also indicate warm periods 

in the Late Quaternary of the Western Mediterranean Sea (Morzadec-Kerfourn, 

1984) • 

A similar paleoceanographic type of study was published by Turon 

(1978), on a core from the Rockall Channel between Britain and Iceland, 

where changes in productivity were observed in Holocene sediments. 

Linking these changes to different levels of upwelling intensity, 

Turon suggested that during the mid-Holocene, an extended high pressure 

system developed from the Azores to the Faeroes, resulting in anticyclonic 

circulation of surface waters and wind-induced upwelling off the west 

coast of Ireland. The upwelling region off the west coast of Portugal 

was postulated to have been absent at that time. This second corollary 

remains to be tested. In subsequent papers on assemblages from longer 

cores in that area and the Goban Spur, Harland (1984a,b) detected 

several correlatable dinoflagellate events controlled by glacial and 

interglacial cycles. Cores from nearby Arctic regions show that North 

Atlantic Drift species invade more northern latitudes during interglacial 

stages (Mudie and Aksu, 1984; Harland, 1984c). 

These studies demonstrate the utility of dinoflagellate cysts 

assemblages for determining past oceanic circulation patterns. Other 

recent work has shown that sea level and salinity fluctuations can 

also be detected using floras from more nearshore locations. In one 

of the first such studies, Harland and Downie (1969) used the absolute 
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percentage of plankton to pollen to recognize two Pleistocene transgres

sions, separated by peat accumulation, in Lincolnshire. A similar 

line of reasoning was used by Matsuoka (1976b) in a Japanese dinoflagellate 

succession. Both these studies recall the work that established the 

usefulness of this approach, Jekhowsky (1963) and Williams and Sarjeant 

(1967). 

Salinity variations in the Black Sea were documented by Wall 

and Dale (1973). They found two quite different assemblages in cores, 

indicating that the present brackish water plankton was preceded by 

a freshwater one, when the Mediterranean Sea level was lower and connection 

to the Black Sea was severed. 

The next study involving dinocysts as sea level indicators was 

published by Morzadec-Kerfourn (1976), from cores taken along the 

coast of Brittany. She demonstrated that the practice of using increased 

absolute numbers of dinoflagellates to indicate a marine transgression 

might be misleading. In her cores, the establishment of fully marine 

conditions after a rise in sea level was signalled by a reduced number 

of cysts in an assemblage dominated by Spiniferites bentori, while 

the more numerous .L.. machaerophorum in the previous assemblage was 

thought to indicate brackish waters and lower sea level. Later the 

same author used the onshore-offshore trend in species composition 

to indicate a Late Quaternary marine transgression in the Pelagian 

Sea off Tunisia (Morzadec-Kerfourn, 1979, p. 7). Here an offshore 

assemblage overlies a nearshore one. A regressive hypersaline lagoonal 

flora was also found in the sequence. 
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Cyst-Motile Stage Interactions 

Concurrent with the descriptions of new species and assemblages 

have been the establishment of cyst-motile stage correlations and 

life cycle studies. Since incubation and maintainance of cultures 

are required for this work, it has been limited to fewer institutions 

and laboratories than other types of cyst research. By far the bulk 

of the correlations have been made by Wall and Dale, when both were 

at the Woods Hole Oceanographic Institution (Wall, 1965; Wall and 

Dale 1968a, 1969, 1970, 1971; Evitt and Wall, 1968; Wall ~~., 1967). 

The first cyst-theca germination studies were performed by Evitt and 

Davidson (1964). 

Since Wall and Dale left Woods Hole, the pace of correlations 

has slackened somewhat; however, Dale is still doing similar work 

in Norway. While several successful incubations of new cysts have 

been performed since 1970 (Wall and Dale, 1971 - Tuberculodinium ~

cQmpoae; Fukuyo ~ ~., 1977 - for a cyst they thought to be Protoperi

dinium minutum; Matsuoka ~~. 1982 - of. diyaricatym; Lewis II ~.,

1984 - of. thor~anum, ?of. hangoei; Matsuoka and Fukuyo, 1985 - Pheopoly

krikos hartmanii) ,the focus of biological work has shifted to the 

role of cysts in the life cycle of dinoflagellates. Two important 

discoveries have spurred this development: most cysts are now known 

to represent a sexual stage in the cycle (von Stosch, 1972, 1973); 

moreover, resting cysts may be responsible for the seeding of red-tide 

blooms (first suggested by Prakash, 1967). In addition, those studying 

fossil cyst assemblages began more actively to compare cyst and motile 

stage distributions in order to assess how well the cyst assemblage 
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actually reflects the overlying community. 

Taphonomic research in Quaternary dinocysts is still relatively 

new. Dale (1976), working in a Norwegian fiord, produced one of the 

first studies on preservational and related factors affecting cyst 

assemblages. He showed that: a) only 201 of the motile community 

formed cysts; b) cyst-forming species had vastly different encystment 

rates; and c) 30S of the cyst flora was destroyed by routine palynological 

treatment. The study was by far the most important and complete of 

its kind. Others (e.g. Matsuoka, 1976a) have compared cyst assemblages 

with simultaneous plankton net hauls, but it must be remembered that 

the cyst community represents an aggregate of many seasons' production, 

not an isolated "snapshot" obtained from a plankton tow. This shortcoming 

was alleviated in one study by a program of continuous plankton monitoring, 

including censuses of planktonic cysts (Reid, 1978). Reid quantified 

cyst production estimates, noting that the cyst maximum in the autumn 

was associated with the motile-stage peak, and that both were concentrated 

in the upper 30 m of the water column. While cyst distribution in 

the sediments usually reflected that of the overlying plankton in 

his study, anomalous accumulations of cysts sometimes occurred away 

from their centers of production, due to currents. 

More recently, several papers have discussed the influence of 

nearshore currents and estuarine fronts in redistributing cysts (Anderson 

.fU: ~.. 1982a; Tyler .fU: .Al.. 1982). The former authors found that 

toxic red-tide-forming Protogonyaulax (=Gonyaulax) tamarensis cysts 

were transported and deposited in embaYments where toxicity had not 

been reported previously, but probably would be in the future (see 
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also Thayer ~ ~., 1983). In a smaller scale study, these workers 

(Anderson ~ Al.., 1982b) documented the horizontal and vertical cyst 

distribution in an estuary. Significant subsurface sediment populations 

of viable cysts were found in some cores (due to factors such as currents, 

high sedimentation rates and biological mixing), which would have 

been undetected by routine surface sediment sampling. Horizontal 

variations in abundance were also substantial but more predictable, 

being based on both hydrography and habitat preferences of the species. 

Interest in the relationship of cyst formation to toxicity has 

grown recently with the growing frequency of toxic outbreaks. Following 

the pioneering work of Prakash (1967), Dale ( 1977b) was among the 

first to describe and culture .f.. tamarensis cysts and unravel some 

of the taxonomic enigmas. He documented also the formation of two 

cyst types in cultures of the related (and possibly conspecific, F.J.R. 

Taylor, pers. comm.) .f.. excayata (temporary pellicle cysts and hypno

cysts). Similar work by Anderson and Wall (1978) showed that indistin

guishable hypnocysts were formed by these two species. It· appears 

also that essentially identical thecae can be either toxic or non-toxic 

(Dale ~ .§J..., 1978) and that the habitats of the two forms are different 

(coastal and estuarine, respectively). 

The possible stimuli for the germination of dormant cysts have 

also received attention. While excystment is largely temperature 

controlled (Anderson and Morel, 1979), the season of formation of 

the cysts also exerts an influence. Anderson (1980) demonstrated 

that .f.. tamarensis cysts formed in the late spring were capable of 

excystment just several months later to take part in the fall bloom, 
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whereas those cysts formed in the autumn took longer to mature, and 

could not germinate before the next spring. 

Finally, in another series of experiments, the apparently spontaneous 

formation of cysts in culture was documented (Yentsch ~ ~., 1980). 

This encystment occurred more frequently at some times of the year 

that at others, despite the maintainance of constant conditions. 

When the populations were monitored over a five year period, two annual 

rhythms were exhibited; in growth rate and in temporary cyst formation 

(Yentsch and Mague, 1980). These results have not been repeated. 

Freshwater Cysts 

Freshwater cysts have attracted less study than marine forms 

because they are of little stratigraphic utility and assemblages are 

more rarely encountered. Indeed, the presence of dinoflagellates has 

been used repeatedly to indicate marine sediments. Recently, however, 

palynofacies analysis has shown that freshwater cysts can be quite 

abundant, and now they will undoubtedly elicit greater interest (Batten, 

1982). A summary of papers dealing with these forms begins with the 

description of cysts in Australian lake deposits by Churchill (1960) 

and Churchill and Sarjeant (1963). These assemblages were further 

investigated by Harland and Sarjeant (1970) and Harland (1971). The 

first North American records of lacustrine cysts were provided by 

Eisenack and Fries (1965) and later by Evitt and Wall (1968) on Peridinium 

from Minnesota lakes. The latter study was instrumental in illustrating 

the life cycle of a cyst-forming dinoflagellate. Later, Norris and 
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McAndrews (1970) also described Peridinium cysts from a Minnesota 

lake, illustrating the different stages of development preserved in 

the sediments. 

Throughout the 1970 1 s much of the progress on life cycles was 

made through the observation of freshwater forms (e.g. von Stosch, 

1972, 1973); through these studies it was found that hypnocysts are 

the product of sexual fusion. In addition the ultrastructure of many 

freshwater cysts has been described (e.g. Chapman .n,Al. 1981, 1982; 

Duerr, 1979). Finally, seasonal recruitment of freshwater cysts from 

sediments into the plankton has been studied by Heaney ~~. (1981). 

It is expected that future developments in the field of freshwater 

dinoflagellate cysts will parallel those of marine fossils, but at 

a lower rate of publication. Their use in paleoecology, which could 

supplement that of diatoms and pollen, must await further descriptions 

and environmental characterization. 
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CHAPTER TWO

DINOFLAGELLATE CYST BIOGEOGRAPHY OF THE CALIFORNIA CURRENT

AND GULF OF CALIFORNIA

INTRODUCTION

Flowing along the west coast of North America, the California 

Current (Text-fig. 1,2) is the equatorward surface current of the 

clockwise North Pacific Gyre. It is driven by the Subarctic Current, 

which impinges on the continent from the west at the latitude of Vancouver 

Island. At this point the current divides into the counterclockwise 

Alaskan Current, a relatively warm current, and the cool California 

Current. Three major eddies are found in the southward flow: one 

west of Cape Mendocino, the Southern California Countercurrent south 

of Point Conception, and the gyre between Guadalupe Island and the 

mainland. 

Concomitant with the equatorward surface flow is a subsurface 

(or intermittently, a surface) poleward flow concentrated along the 

continental slope. If a surface manifestation, this is called the 

Davidson Current, or, if subsurface, the California Undercurrent. 

Because of its geographic proximity and hydrographic connection 

to the southern reaches of the California Current, the Gulf of California 

forms an important adjunct to the study of that system. Like the 

areas to the northwest, it is a region of high primary productivity 

(Zei tschel, 1969), due to seasonal upwelling which produces areas 
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Text figure 1. Sample locations in the California Current and generalized 
January current Patterns. 
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Text figure 2. Generalized July current patterns in the California 
Current. 
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of laminated anoxic sediments. However its climate and relative isolation 

from Pacific influence provide useful oceanographic contrasts with 

those nearby water bod ies (e. g. thermohaline structure, timing of 

climatic cycle, ampli tude of annual variations) for unders~anding

the areas themselves and their dinocyst communities. 

The gulf comprises a large evaporative basin, the moderating 

effect of the Pacific diminishing with distance from its mouth (Van 

Andel, 1964). Within its nearly 1000 km length, large lateral variations 

in physical conditions occur which coincide with changes in the phyto

plankton (Gilbert and Allen, 1943; Round 1967). The semi-enclosed 

nature of the gulf and its variation in depth and sediment supply 

have proven ideal for other paleoecologically-oriented studies (e.g. Bandy, 

1961; Van Andel, 1964; Calvert, 1966) and the similarity of its laminated 

sediments to some Miocene deposits of California has also attracted 

interest (e.g. Summerhayes, 1981; Schrader .ll .i1.., 1980; Soutar II 

~., 1981). Moreover, since geothermal gradients and organic sedimen

tation rates are high in these modern deposits, the area is relevant 

for investigations of organic geochemistry and maturation (Simoneit 

.ll ~., 1982). 

The California Current spans 250 of latitude and a correspondingly 

wide range of phytoplankton habitats. To aid in understanding the 

lateral differences in dinocyst assemblages that are documented in 

this chapter. the extent of geographical variation in physical and 

chemical conditions of the water will be described. with emphasis 

on the areas from which my sediment samples were obtained. Previous 

phytoplankton studies in the region will next be discussed and Quaternary 
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palynological knowledge of the region reviewed. These studies provide 

an ecological context for the present work which documents the regional 

abundance, composition and distribution of dinoflagellate cysts in 

surface sediments obtained from box cores. 

LITERATURE REVIEW 

The California Curr§nt 

Oaeanosraphy 

The physical oceanography of the current system nas been studied 

intensively for the past 40 years (e.g. Sverdrup and Fleming, 1941; 

Reid ~ £i., 1958; Reid, 1960; Hickey, 1979) largely through the work 

of the California Cooperative Oceanic Fisheries Investigations (CalCOFI), 

initiated in 1949. Vast numbers of monthly observations at 200 stations 

in the region have developped the following picture. 

At all latitudes there exist at least two cores of strong southward 

flow, the nearshore one being more fully developed south of Cape Blanco 

in the spring and early summer (Hickey, 1979). The offshore flow 

center is most fully developed in late summer and fall; its distance 

from the coast varies from 250 km at Oregon to 430 km at Cape Mendocino. 

It is present all year round (Hickey, 1979, p. 229) and merges with 

the nearshore center at Cape San Lazaro. From Cape Mendocino southward 

a third core of continuous northerly flow is seen; it occurs at a 

distance of 850 km from shore at its northern limits and 500 km offshore 

at Cape San Lazaro. These offshore currents are not directly relevant 

to the present discussion because they are away from the site locations 

of the available samples, and because nearshore maxima of primary 
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production and cyst deposition have been documented elsewhere (e.g. Wall 

~~., 1977). 

The waxing and waning of strength and the surface expression 

of the California and Davidson Currents are due mainly to differences 

in the southward wind stress on the surface waters, as determined 

by the position and strength of the North Pacific atmospheric high 

pressure cell and the continental thermal low over California (Reid 

~ ~., 1958). Accordingly the strongest northerly winds and surface 

currents are seen in spring and summer: April at 280 N and July at 

470 N (Hickey, 1979). Conversely, in winter the winds vary from strong 

southwesterlies off Oregon and Washington to weak northerlies south 

of 400 N; these are times of weak southward or, in most locations, 

northward surface flow. This nearshore countercurrent occurs during 

fall and winter north of Point Conception, in all seasons but the 

spring in the Southern California Bight. and during the fall south 

of Punta Eugenia, Mex. 

During the spring and summer the strengthened current is deflected 

from the coast by the Coriolis effect; and upwelling takes place along 

much of its length (Reid ~ ~•• 1958). Coinciding with the northerly 

wind maxima, the strongest upwelling occurs in April and May off Baja 

California, in May and June off southern and central California, in 

June and July off northern California, and in July and August off 

Oregon (Reid ~u., 1958; Bakun and Nelson, 1979). From these consider

ations. it is evident that two oceanographic seasons can be designated; 

the upwelling and the countercurrent seasons. Bolin and Abbott (1963) 

have recognized a third short season at Monterey Bay - the oceanic 
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period (September and October), during which warm oceanic water is 

advected from the west. The significance of these seasons to phytoplankton 

ecology is the following: it is in areas, and at times, of upwelling 

that nutrient-rich water from below the nutricline is brought to the 

photic zone and becomes available for algal growth. At other times, 

nutrient-poor waters from the south or the west predominate. The 

seasonal patterns can therefore also be considered as variations in 

the provenance of the water (Reid .n .i.l.., 1958). Subarctic water 

(cool, low salinity, high oxygen, high nutrients) and upwelled water 

(cold, saline, low oxygen, high nutrients) alternate seasonally with 

southern (high nutrients, high temperature and salinity, low 02) and 

western (warm, saline, oxygen poor, and nutrient poor) water masses. 

These sets of conditions will determine the productivity and composition 

of the phytoplankton community and the dinoflagellate portion will 

be reflected in the cyst thanatocoenose. 

Thirteen-year- average temperature and salinity at 10 m depth 

in California coastal waters were calculated by Lynn (1966, Text-fig. 3 

herein) from CalCOFI data. Upwelling centers (indicated by isotherms 

running parallel to the coast) are found along northern and central 

. California and in the nearshore area centered on the Canada-U.S.A. 

border. To the west of this lies a tongue of warm water. The mean 

annual temperatures at these latitudes range from 240 c at the tip 

of Baja California to 100 C at Cape Mendocino. The average salinities 

vary from 33.0 0/00 near Cape Mendocino to 34.6 0/00 at Cabo San Lucas. 

The onshore-offshore salinity trend differs from that of temperature: 

because the cool upwelled nearshore water has high salinity, the low 
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Text figure 3. Thirteen-year average of the 10m temperature in the 
California Current (after Lynn, 1966). 
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salinity water advected from the north is displaced offshore. 

For marine organisms. the annual temperature range is at least 

as important as the average value. the particular months of minimum 

and maximum values influencing the timing of seasonal successions. 

Text-fig. 4 illustrates that the minimum annual temperature range 

«3.0oC) occurs in the northern California upwelling area. The range 

increases to 10·C off southern Baja California. Annual salinity fluc

tuations vary from 0.1 0/00 off northern Baja and 0.2 0/00 near Point 

Conception to 0.7 0/00 off southern Baja. 

Together. these considerations. plus others discussed by Lynn 

(1966) such as the timing of the annual temperature and salinity peaks 

and troughs, indicate persistent upwelling centers near Monterey Bay 

(see also Bolin and Abbott, 1962), in parts of the Southern California 

Bight (SCB) and off northern Baja California. 

The Southern California Bight 

This is an open embaYment south of Point Conception and north 

of Cabo Colnett, Baja California (Text-fig. 5). It has unique character

istics because it contains an eddy where various water masses mix 

(Reid ll. ,U.. 1958; Eppley ll. .al.. 1978); horizontal variation is 

high over relatively short distances (Jones. 1971). As water from 

the north enters the bight. gradually it takes on characteristics 

of water to the west (warm, saline, nutrient poor. oxygen rich). 

Inshore of the main current. the semipermanent Southern California 

Countercurrent may be continuous with the Davidson Current north of 

Point Conception. Countercurrent water is a mixture of warmed California 
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Text figure 4. Thirteen-year average of the annual range in the 10 
m temperature of the California Current (after Lynn, 1966). 
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Text figure 5. Sample locations and bathymetry in the Southern California 
Bight. 

1. Santa Barbara Basin. 
2. Santa Monica Basin. 
3. Santa Catalina Basin. 
4. Tanner Basin. 
5. Santa Cruz Basin. 
6. Santa Rosa Island. 
7. Santa Cruz Island. 
8. San Nicolas Island. 
9. Santa Catalina Island. 
10. San Clemente Island.

Contour interval 1500 fm.



330 



42

Current water and upwelled water. 

The seasonal changes of surface temperature and geostrophic currents, 

illustrated by Jones (1971), are seen in Text-fig. 6 and in Stevenson 

(1962). The countercurrent's effect on the isotherms is most pronounced 

in July; as nearshore is approached, they bend to the north. A nearshore 

upwelling area near Ensenada and a warm water region to the east of 

Catalina and San Clemente Islands are also apparent in July. The 

most prevalent upwelling areas within the bight are: south of the 

Northern Channel Islands, in the center of the Santa Barbara Channel, 

along the coast from Los Angeles to Oceanside, and around San Diego 

(Stevenson, 1962). In January, temperatures are fairly uniform throughout 

the area, geostrophic flow is reduced and nearshor,=, water movement 

is diffuse. 

The Current North of California 

The two nearshore current regimes recorded further south can 

be detected in the northern coastal waters also (Hickey, 1979, data 

from Budinger.itt.~., 1964). The geostrophic data show that the nearshore 

(out to 70 km) southward flow is strongest in the fall (Hickey, 1979), 

while in winter, the northward flowing Davidson Current entirely displaces 

the nearshore southward flow. During the spring and summer months, 

this northward flow is sandwiched between the two southward regimes. 

The surface temperature and salinity of the northern current 

have been described by Reid (1960) from the data of Robinson (1957). 

Off Washington, the temperature ranges from 60 c in April to 14. 50 C 

in August. By the time the current reaches southern Oregon, the nearshore 
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Text figure 6. Sea surface temperature and currents (a-January, b-July) 
in the Southern California Bight (after Jones 1971). 
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minimum (at 1270W longitude) has risen to 90 C and the maximum to 16.Soc. 

The salinity in this region is largely influenced by the outflow of 

the Columbia River, which produces a sharp pycnocline at a depth of 

about 20 m in its plume (Reid, 1960). The plume produces a low salinity 

tongue (ca. 31 0 
/00) which flows northward in winter and southward 

in summer. 

The San Juan Islands (Text-fig. 7) are also under fluvial influence; 

while the salinity of water supplied to them from the sea is 33.8 

0/00, ambient salinities vary from 29.S to 31.S 0/00 annually (Herlinvaux 

and Tully, 1961 ) • The temperature range in this region is narrow, 

like those of the other northern current areas: from 6.Soc in February 

to nearly 10.SoC in September. Due to the shoal depth of the bays 

there, tidal reworking of sediments is to be expected. 

Phytpplankton 

The primary producers are controlled closely by the seasonal 

cycle of oceanographic regimes. Most studies indicate that, while 

the exact timing differs, the peak productivity is in the spring and 

early summer when upwelling is strong (Allen, 1941; Reid ~ ~., 1970, 

Briand, 1976). At this time the thermocline is shallow and nutrients 

are available to the photic zone. Second and third productivity peaks 

may occur later in the year (Reid ~~., 1970). 

The two major algal classes in the plankton, diatoms and dino

flagellates, alternate in their season of dominance due to their different 

functional morphology and physiology (Margalef, 1978; Sournia, 1982). 

Usually diatoms predominate during the spring, when upwelling is most 
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Text figure 7. Map of the San Juan Islands, Washington, showing sample 
locations. 
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intense. Conversely, dinoflagellates and other flagellates are prevalent 

in the late summer stratified season, when upwelling is somewhat reduced 

(Blasco, 1977; Estrada and Blasco, 1979). Another dichotomy between 

the two groups in this area, but not generally, is the greater abundance 

of dinoflagellates in more nearshore environments, while diatoms tend 

to have their population maxima offshore (Kleppel, 1980). 

The documentation of habitat differentiation within the phytoplankton 

of the California Current is not voluminous, despite the intensive 

oceanographic study there. In many cases algal abundance is either 

measured in chlorophyll A or net/nannoplankton volumes (Eppley and 

Harrison, 1975; Hemingway, 1979; Eppley ..e.t. ~., 1978; 1979; Cullen 

and Eppley, 1981; Cullen ~ ~., 1983; Malone, 1971; Garrison, 1976). 

On the other hand, many of the earliest studies were of a purely taxonomic 

nature (e.g. Kofoid, 1909; Kofoid and Swezy, 1921; Cupp, 1943), with 

only anecdotal observations on spatial and seasonal distributions. 

The CalCOFI program, of monthly sampling along transects perpendicular 

to shore. has concentrated its efforts on analysis of physical and 

chemical measurements, zooplankton and fish. Most of the available 

information on assemblages and succession comes from the studies of 

individual areas, predominantly in the upwelling centers. 

Within the CalCOFI portion of the current regime, the most areally 

comprehensive seasonal information comes from the monthly factor analysis 

of Hemingway (1979). He related the nearshore fisheries to a series 

of environmental variables and constructed monthly distribution maps 

of the abundance of seven combined factors: mixing, stratification, 

nutrients. primary production, young and old anchovy larvae and sardine 
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abundanoe. 

Studies of the Baja California phytoplankton speoies do not dooument 

the yearly suooession at any looation. In an early work. Allen (1935) 

found very low dinoflagellate abundanoes in a November oruise to the 

Gulf of California. Other researoh there has investigated red tides 

of Gonyaulax polyedra, whose oyst is Lingulodinium machaerophorum, 

at Ensenada (Sweeney. 1975) and at Punta Hippolyto (Walsh ~~. 1974; 

Blasoo 1977; and Estrada and Blasco, 1979) • These studies emphasize 

the source of the upwelled water as important in determining the nature 

ot the bloom, either dinoflagellate or diatom (see also Dugdale. 1983). 

Another upwelling area, Monterey Bay. has attraoted the interest 

of phytoplankton researchers. Malone (1971) and Garrison (1976) both 

compared phytoplanton size fraotions during different seasons. The 

yearly suocession of algal genera was documented by Bolin and Abbott 

(1963) and Abbott and Albee (1966). The eoological charaoteristics 

of genera and some species were disoussed in these reports. Gonyaulax, 

common further south, was never an important part of these commu'nities. 

The Southern California Bight 

The best long-term information on these dinoflagellate assem

blages comes from daily net tows performed from 1920 to 1939 at the 

Scripps Pier, La Jolla and at Point Heuneme (Allen, 1941). More reoently, 

Reid .tl .al. (1970) dooumented !La Jolla phytoplankton succession in 

spring and summer; they included quantitative data on naked dinofla

gellates. Spatial distribution of algal species was investigated 

by Reid ~~•• (1977) and Cullen ~Ai. (1982). Other studies further 
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north, included those of Briand (1976, Seal Point); Kleppel (1980, 

Santa Monica Bay); and Morey-Gaines (1979, Los Angeles Harbour). 

Projects on whole communities include Beers ~~. (1980), for offshore 

La Jolla, and Lasker (1978), for the entire bight. 

Particular blooms of dinoflagellates have been well documented, 

many fundamental advances on vertical migration and behaviour related 

to nutrient and light physiology being made in these waters by Eppley 

.n ~. (1968), Holmes ~ ~., (1966), Kamykowski (1974), Kiefer and 

Lasker (1975) and Cullen ~Al. (1982), among others. 

The Current North of California 

Outside the CalCOFI sampling grid phytoplankton species data 

are less abundant than within it. The Columbia River area has been 

the topic of some projects (see Anderson, 1972). Further north, in 

the Vancouver Island coastal area, the dinoflagellates, tnough subordinate 

to diatoms, are of greater interest because of recurrent bouts of 

paralytic shellfish toxicity. Their peak abundance usually occurs 

in August (Stockner .itt. ~., 1977; F.J.R. Taylor, pers. comm.). In 

most of the phytoplankton papers (e.g. Prakash and Taylor, 1966; Prakash, 

1967; Turpin II §.l., 1978) non-toxic species were not enumerated. 

In her thesis, Dobell (1978 ms) listed several of the early plankton 

surveys in the region (e.g. Wailes, 1939) but she did not compare 

her cysts to those communities. Several other papers on the plankton 

of Georgia Strait were listed by Spies .n Al. (1983, p. 98). Nearby, 

Robinson and Brown (1983) documented a red tide of Gymnodinium sanguineum 

off Vancouver Is. while further communities from a station west of 
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the island were identified by Taylor and Waters (1982) as part of 

a trans-North Pacific census. 

Quaternary Palynology 

Like the oceanographic and phytoplankton workers, palynologis ts 

in this area have concentrated for the most part of describing assemblages 

from particular areas at different levels in the sediment column. 

Ballog and Malloy's (1981) report illustrates this approach: they 

figured several cysts from a DSDP core in the Sou'thern California 

Bight, while focussing on pollen and spores. Arends and Damassa (1980) 

made a more extensive areal coverage in their study of diatoms, silico

flagel"lates and palynomorphs. They enumerated Lingulodinium maghaero

phorum as a percentage of the entire palynomorph assemblage, and they 

illustrated several other marine forms. In the varved deposits of 

the Santa Barbara Basin, first Heusser (1978) and then Byrne ~~. (ms) 

followed downcore changes in terrestrial palynomorphs. More recently 

York (1984 ms) documented the abundance of pollen and spores and seven 

categories of recent dinoflagellate cysts from the central part of 

the Southern California Bight from the Channel Islands to Los Angeles. 

In the Pacific northwest and British Columbia coastal waters, 

palynology has aided efforts at marine-continental correlation in 

the Quaternary (e.g. Heusser and Florer, 1973) and climatic and vegetation 

reconstruction (Heusser, 1983). Several studies in this region discuss 

dinoflagellate cysts. Dobell (1978 ms) and Dobell and Taylor (1981) 

investigated cyst assemblages from the Strait of Georgia area, recording 

several new cyst forms, while Heusser and Balsam (1976) estimated 
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the absolute abundance of cysts in their examination of North Pacific 

coretop palynomorphs. 

The Gulf of California 

Oceanography 

Oriented along a northwest-southeast axis, this structurally 

complex trough reaches near oceanic depths towards the south and continues 

north on the mainland as the Imperial Valley. The most obvious charac

teristic of the gulf is its linearity, expressed as troughs, basins 

and deep V-shaped basins. The western slope is much steeper than 

the mainland side. The detailed geology of the gulf is described 

in Rusnak .n. ~. (1964) while Van Andel (1964) discussed the Recent 

sedimentation. Aspects of these topics will be included where pertinent 

to the dinoflagellate distribution. 

The gulf is divided in two by the archipelago at about 29°N which 

includes Angel de la Guarda, San Lorenzo, San Esteban and Tiburon 

Islands (Text-figure 8). North of the chain, the inner gulf is subject 

to more severe environmental fluctuations than the central and outer 

gulf, where several water masses mix and ambient conditions depend 

on the prevailing currents (Stevenson, 1970). 

Due to shifts in atmospheric pressure cells and winds, surface 

circulation patterns vary seasonally. Both prevailing winds and currents 

are southeasterly in the late summer and autumn, when the eastern 

arm of the continental cyclone influences the gulf. Upwelling is 

then produced on the Baja side (Schrader and Baumgartner, 1983; Text-figure 

9). Conversely, in winter and spring, the circulation pattern shifts 
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Text figure 8. Sample locations and bathymetry in the Gulf of California. 



. '/ 

'. '.J 

'(~Lor.n~

r·· . 
to' 

~\" .• " 

~ deCedros 

('.. 

~~... 

Cy~~~
BAJA 

CALIFORNIA 

e09 

.98•25 

2'r'N 

/,10ao w 

'> ~



52

Text figure 9. a) Round's (1967) sediment zones and areas of upwelling 
b) plankton zones and areas of phytoplankton blooms in the Gulf 
of California (after Van Andel, 1964 and Round, 1967). 
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to northwesterly, as the western arm of the low pressure cell and 

the eastern arm of the North Pacific High coincide to entrain water 

out of the gulf (see Figure 2 in Schrader and Baumgartner, 1983; also 

Calvert, 1966). This is the season of strong upwelling on the mainland 

side, although some upwelling may take place on the western side also 

(Donegan and Schrader, 1982). In the southern gulf, rainfall is greater 

on the mainland coast and limited to the summer months, but winter 

rains occur in the northern region (Roden, 1964) • Thus, unlike the 

Santa Barbara Basin (in which dark winter laminae alternate with light 

summer upwelling laminae), the deposits on the mainland Mexico slope 

have light winter upwelling laminae alternating with dark layers produced 

during the summer rainy season. The seasonal shift in current direction 

seen in the southern gulf does not happen north of 29°N; there water 

movements are mainly tidal (Roden, 1964). 

August and February temperature and salinity at 10m are shown 

in Text-figures 10 and 11. The annual temperature range increases 

from 9°C near the entrance to the gulf to 15°C near the Colorado River 

mou th (Roden, 1964) • Summer salinities range from 34.6 °/ 00 on the 

southern mainland coast to 36° /00 in some enclosed bays of the inner 

gulf; in winter these levels are slightly reduced. Both temperature 

and salinity are substantially higher than in adjacent areas outside 

the gUlf, especially towards the north. 

As with the California Current, seasonal variations in physical. 

and chemical parameters can be considered as changes in the source 

of the water (Wyrtki, 1967; Stevenson, 1970; Schrader and Baumgartner, 

1983), each type with its characteristic biota. The three main surface 
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Text figure 10. Average sea surface temperature in the Gulf of California 
(after Roden, 1964). 
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Text figure 11. Average sea surface salinity in the Gulf of California 
(after Roden, 1964). 
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water masses are California Current water, Gulf water and Equatorial 

water. 

Phytoplankton 

Unlike that of the California coast, the full seasonal succession 

of phytoplankton species has not been documented for this region. 

Evidence from the collections made to date indicate that many species 

are common to the two regions (Allen, 1923) and that the maximum production 

is centered on the time of upwelling, i.e. February and March (Gilbert 

and Allen, 1943), after which the waters begin to stratify and algal 

growth subsides. The exact timing and variability of the diatom and 

dinoflagellate peaks cannot be stated with certainty due to lack of 

any yearlong studies on phytoplankton, but a sequence similar to that 

of the California Coast is probable. 

The lateral variation in production and species composition during 

the spring maximum is well understood. Gilbert and Allen (1943) used 

plankton communities to detect four water masses in the gulf, separated 

by the nodes of an internal wave. Later, Round (1967) used diatoms 

and dinoflagellates, and Murray and Schrader (in press) used silicoflagel

lates, to delineate water masses. The locations of maximum primary 

productivi ty most often correspond to patches of strong upwelling 

in two areas: near the coasts and in the north central gulf between 

La Paz and Tiburon Island (Osorio Tafall, 1943; van Andel, 1964; Text

-figure 9b herein). As elsewhere, diatoms and dinoflagellates here 

have seperate and distinct distribution patterns. The highest dino

flagellate standing crops are found away from production maxima, either 
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in the oceanic southern gulf, in the region north of 290 N (Gilbert 

and Allen, 1943; Round, 1967) or in small embayments (Kiefer and Lasker, 

1975). It is sediments from these areas that might be expected to 

contain the greatest numbers of dinoflagellate cysts. 

Quaternary Palynology 

Five previous palynological studies have been made in this area, 

four of which dealt with DSDP cores. While Sirkin (1982) found only 

monotonous Quaternary pollen assembalges from two cores (474 and 479), 

one from the tip of Cape San Lucas and another from the Guaymas Basin, 

both Heusser (1982) and Byrne (1982) were able to detect climatically 

induced changes in the pollen spectra of Hole 480 from the Guaymas 

Basin (Late Pleistocene and Holocene). In that same DSDP volume, 

Rueda-Gaxiola II ~. (1982) reported on an optical analysis of 74 

samples from seven holes. 

Cross ~~. (1966) have provided the only geographically extensive 

distributional results of palynomorphs in the gulf. In 120 surface 

sediment samples, they enumerated spores and pollen, fungal spores 

and tracheids, and estimated abundances of dinocysts and foraminiferal 

shell linings. Their analysis, which concentrated on the southern 

part of the sea, showed peak abundances of cysts near the entrance 

to the gulf and in areas offshore from pollen maxima. They attributed 

these results to localized production and redeposition of nearshore 

specimens down the steep continental slope. 
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MATERIALS AND METHODS

Source of Samples 

The California Current samples examined are listed in Table 2.1. 

Sampling was concentrated in five main areas: the Southern California 

Bight. Central California. the Washington shelf. Baja California and 

the San Juan Islands (see Text-fig. 1 for locations). 

The samples were chosen in the following way: first. all west 

coast box cores were located in a computer search of the Index tQ 

Marine Geological Samples (The Core Curators' File) cQmpiled by NOAA. 

BQulder. CQlQradQ. A printout of 2001 core samples was produced. 

From this. only thQse depths greater than 300 m and Qf dQminant grain 

size finer than sand were chosen. except where no cores in an area 

met these criteria. 

The majQrity of the bQX cores identified from the search were 

from the Southern California Bight (SCB). Only one sample was from 

far offshore (74 -- Oregon). Within the SCB, where 24 samples were 

chosen (51-73, 28), there was a high amount of site duplica-tion in 

the sample list and spatial coverage was nQt uniform and four coretops 

chQsen fQr this study were of the unwanted sandy grain size. 

Five different box core sites (82-86) were chQsen from the WashingtQn 

Shelf. They were analysed sedimentolQgically and geochronolQgically 

by Nittrouer (NittrQuer .n .&1.., 1979). Because box core cQverage 

between the Washington Shelf and the CalifQrnia Bight was nQnexistent, 

a search Qf Qther core types was made. Five dart cores were chosen 

from the collection hQused at Scripps InstitutiQn Qf Oceanography. 

Of the Qther suitable CQres there, mQst of the tops had been already 
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Table 2-1. Sample locations and lithology of samples used in the 
California Current study. (* - sandy sediment) 

Number oN lat. oW long. Depth (m) 

51 33 47 119 15 311* 
52 34 17 120 20 375 
53 33 26 119 13 922 
54 33 46 119 47 1858 
55 33 45 119 13 229* 
56 34 17 120 16 421 
57 32 51 118 12 860 
58 32 57 118 12 860 
59 33 42 118 51 898 
60 33 40 118 57 896 
61 33 43 118 26 661 
62 33 40 118 48 966 
63 33 36 118 37 614 
64 32 46 119 25 1298* 
65 32 49 119 34 1340 
66 33 00 119 46 1469 
67 33 16 117 51 732 
68 33 23 117 43 631 
69 33 30 117 56 494 
70 33 04 117 50 951 
71 33 24 117 59 82* 
72 33 08 117 30 530 
73 34 09 120 07 463 
28 34 15 120 02 581 
74 44 20 129 58 4824 
82 47 29 124 35 47* 
83 47 55 125 07 146 
84 46 00 124 18 119 
85 47 40 125 00 108* 
86 46 15 124 16 70* 
98 25 14 112 43 506 
09 25 24 112 43 310 
25 25 12 112 42 530 
16 35 04 121 27 411* 
17 35 05 122 25 446* 
18 36 03 122 11 1759 
19 37 17 123 04 730 
20 39 00 123 51 102 
21 48 34 122 53 ca. 10 
22 48 40 122 53 ca. 25 
23 48 31 122 55 ca. 10 
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consumed in other studies. The five chosen were from the Antipode 

Expedition, from Scripps on the R.V. Melyille, June 1970 to October, 

1971. 

Sediments from the San Juan Islands, Washington (21-23) were 

obtained in August, 1983 with a dredge by the crew of the University 

of Washington R. V. Nusset. The Baja California gravity cores were 

obtained by the 1982 cruise of the R.V. illYmA. 

The Gulf of California samples were obtained by two expeditions: 

BAM80 on the R. V. Matamoros in November 1980 and BAP82 in May and 

June 1982 on the R.V. jl ~ (Text-fig. 9, Table 2.2). All sediment 

samples were obtained by box cores similar to those used in the California 

Current and stored under refrigeration in the Core Laboratory at Oregon 

State University. The samples were chosen to cover all geographic 

regions sampled on those cruises and to attempt coverage of Round's 

(1967) plankton and sediment zones, as well as the sediment dinocyst 

maxima of Cross .n li. (1966). Several subsurface samples, as yet 

undated (from Guaymas Basin core 1511 -- samples 2723-25, Baumgartner 

and Soutar, in press, and from SBB Bx 4 -- 2712-16, 48, 49, Dunbar, 

1983) were also processed. 

Carins Method 

In biogeographic studies, surface samples have been taken by 

a number of coring techniques (piston core, dredge, gravity core). 

In unconsolidated, fine grained or highly organic sediments the downward 

force of the corer and the water trapped beneath it usually dislodges 

flocculent surface material; thus the true sediment surface is lost. 
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Table 2-2. Locations and depths of Gulf of California samples used 
in this study. (* - calcareous sand; otherwise fine-grained 
pelagic or hemipelagic sediments). 

Number oN lat. oW long. Depth (m) 

75 30 00 114 03 344 
76 27 53 112 32 620* 
77 29 59 113 47 364* 
78 27 47 111 45 804* 
87 24 33 110 16 725 
88 29 57 114 11 465* 
89 27 59 112 18 1070 
90 25 23 110 52 670 
91 25 52 111 08 256 
92 23 49 108 16 895 
96 27 50 111 24 683 
97 23 42 109 27 978 
99 24 09 109 30 850 
00 26 10 109 41 320 
01 28 04 111 42 389 
02 25 41 109 36 163 
03 28 05 111 27 220 
04 26 03 111 01 710 
05 28 01 111 41 477 
06 24 45 108 33 645 
07 24 05 108 03 2Z7 
10 26 26 109 56 515 
11 29 59 113 39 230 
12 26 17 110 02 745 
13 29 01 113 00 348 
14 25 32 110 43 256 
15 27 38 111 05 832 
26 27 55 111 42 608 
27 28 21 112 28 915 
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When attempting to sample sediment representing modern conditions, 

this loss can be critical. Only box coring allows consistent surface 

sediment recovery (see e.g. Soutar ~~., 1977). 

It is now common to use Pb 210 dating techniques to detect whether 

a core has retrieved intact surface sediment; there is a loss of activity 

at the top of the core only when the sediment-water interface is recovered 

([oide ~ ~., 1973). This characteristic can also be used to detect 

disturbances in upper sediment layers due to biological or physical 

mixing processes. Radiometric measurements have been made for several 

basins in the Bight, giving new estimates of sedimentation rates to 

replace the old radiocarbon methods (Emery, 1960). Examples of basinal 

2 1sedimentation rates given by Bruland et al., 1974, in mg cm- yr

are: Santa Barbara 89; Soledad 39: San Pedro 28; Santa Monica 24. 

Unfortunately, sedimentation rates have not been determined in this 

way for the intervening ridges. However, on the Washington shelf 

also, sedimentation has been investigated extensively by this method 

by Nittrouer ~~. (1979). 

The top one or two centimeters of sediment was sampled from the 

box cores. In the Santa Barbara Basin (e.g. sample 28) this would 

represent less than five years' accumulation. For some of the Washington 

shelf samples, similar time scales would be represented but, for all 

others, the sediment interval represents longer time spans (e.g. San 

Pedro Basin, 11 years). For the dart cores, gravity cores and dredges, 

no time estimate can be given, owing to sediment disturbance during 

coring. 
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Sample Preparation 

The preparation techniques followed those of most Quaternary 

palynologists. Depending on availability and lithology, between 0.3 

and 3.5 g of sediment was used and dried to constant weight at 50·C. 

Then tablets of Lycopodium spores were added: either 2 or 4 tablets 

of 10,380 spores per gram of sediment. The sample and tablet were 

allowed to soak overnight. In some cases Quaternary "0", a special 

liquid detergent, was added to disperse the clays, but this was seen 

to have little positive effect on the final strew mount. Darvan 14 

(4%), added later in the sequence, similarly had undetectable effects. 

The remainder of the procedure is as follows: 

1. 10% HC1, heat for 5 min.; 

2. Hot concentrated HC1, neutralize; 

3. Concentrated HF, heat for 5 min., neutralize; 

4. Concentrated HC1, heat for 1 min., neutralize; 

5. Wash twice with glacial acetic acid; 

6. Acetolysis: 9:1 acetic anhydride: 

sulfuric acid, heat for 3-5 min.; 

7. Wash with glacial acetic acid, neutralize; 

(4% Darvan #4 - R.T. Vanderbilt Co., 

Norwalk, CT, 06855) 

8. Wash with 10% HC1; 

9. Heavy liquid (ZnC12, density = 2.0) 

centrifugation for 20 min. at 2500 r.p.m.; 

10. Sieve through 150 micron mesh; 

11. NH40H, 10%, heat for 3 min., wash until nearly 
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neutral; 

12. Stain with Safranin "0" solution (1:500) for 1 5 

min.; 

13. Sieve through 12 micron mesh; 

14. Mount with 1.5' Cellusize (Union Carbide. Toronto. 

Ont.) and phenol in Canada Balsam. 

Because of the high organic content (3-5' in borderland basins. 

Emery. 1960). the strew mounts prepared by this method--especially 

those wi th a fine grained inorganic matrix--retained a substantial 

amount of amorphous debris. Besides the two dispersants. two stronger 

oxidants were applied to several duplicate preparations; Schultze 

solution (10 mL lCI03 in 500 mL HN0 ). and concentrated nitric acid.3

Both substances removed the unwanted debris. but also they dissolved 

a portion of the Protoperidin1um cysts. For this reason strong oxidation 

was not used, even though debris hampered some identifications. 

Examination Technique 

Slides were scanned at 320X magnification in phase contrast illumin

ation on a Zeiss Standard Microscope No. 4886971 .to which all coordinates 

refer. In nearly all cases. at least one full slide was scanned at 

this magnification and then unless either 400 (if 4 Lycopodium tablets 

per gram were added) or 200 (if 2 tablets/g were added) Lycopodium 

spores were counted on that slide, another slide was scanned at 320X. 

Usually at least 1/100 g of sediment was covered at this high magnifica

tion. Then, if the number of marine palynomorphs encountered was 

less than one hundred, further slides were scanned at 128X magnification. 
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Statistical Analysis of Assemblage Data 

A Two-Way Indicator Species Analysis (TWINSPAN). developed by 

Hill (1979) was applied to the data. This technique allows simultaneous 

classification of samples and species into coherent groups and is 

an objective version of the phytosociological methods of Braun-Blanquet 

(see Gauch. 1982). First the data are ordinated by reciprocal averaging. 

then those species that characterize the reciprocal averaging extremes 

are emphasized in order to polarize the ordination axis (Gauch. 1982). 

Two clusters of samples are formed and the procedure repeated on each 

cluster until clusters have a chosen minimum number of members. (A 

discussion of the technique is found in Gauch. 1982. p. 201-210). 

The FORTRAN IV program of Hill (1979) executed the classification. 

The program was run on all samples except those with less than 

20 marine palynomorphs in four slides. This removed the following 

samples: 53.55.64.71.72.16.17,18.19.20,21.23.88.00. 

02. so that 55 samples were analyzed. The data matrix was expressed 

in the form of percentages. which are then coded by the program into 

categories. called pseudospecies. according to certain cutoffs: OJ. 

3J. 10J. 20S and 50S. Two species groups were analyzed collectively. 

due to difficulty of reliable identification to the species level: 

Br1gantedinium spp. includes all brown spherical peridinioid cysts; 

while Sp1n1fer1tes spp. encompasses all species of the genera Sp1n1fer1tes 

and Achomosphaera except ?Aahgmosphaera sp. a and ?Achomosphaera sp. b. 
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RESULTS

Cyst Abundance 

Seventy samples were examined for algal palynomorphs from the 

California Current. The yield (seen in Table 2-3) ranged from a low 

of 19 per gram in one San Juan Island sample (23) to 22311 g-1 in 

a sample from Baja California (09). Of the six regions, the Central 

California and San Juan Islands areas had the lowest average abundances 

of cysts, less than 1000 individuals g-1. 

The geographical area of highest cyst productivity is the Baja 

California Coast, which averaged 11,675 g-1 followed by the Gulf of 

California (average 3454 cysts g-1, range from 28 [sample 88] to 11,001 

[87]) and the Southern California Bight (range 102 [sample 55] to 

11290 [68] g-1, average: 3257). Fourth in abundance is the Washington 

Shelf and offshore Oregon, with 2108 individuals g-1, followed by 

San Juan Islands (975 g-1) and Central California (459 g-1). 

Foraminiferal shell linings were abundant in most samples, with 

Baja California exhibiting highest abundances (6126 g-1), followed 

by the Gulf (1978), Southern California Bight (1721) and the Washington 

Shelf (367) • Unlike the algal palynomorphs, shell linings were more 

abundant in the Central California area than in the San Juan Islands. 

Within the Southern California Bight (SCB) the abundance of algal 

palynomorphs did not vary in an areally consistent manner on the scale 

sampled (Text-fig. 12). There is a slight trend for samples from 

areas inshore of the Channel Islands to have higher cyst densi ties 
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Table 2-3. Abundance (grains g-1 dry weight of sediment) of marine 
palynomorphs in sampled areas of the California Current. 

~ California Dinoflag./ Foraminifera Total 
Acritarchs 

98 7448 4468 11916 
09 22311 10432 32743 
25 5266 3477 8743 
average 11675 6126 17801 

Southern California Bisht 

28 3340 726 4066 
51 288 0 288 
52 4705 1662 6768 
53 967 552 1518 
54 3095 3759 6854 
55 102 609 711 
56 1521 1254 2775 
57 2875 899 3774 
58 3952 2208 6160 
59 3657 1868 5526 
60 476 792 1268 
61 4453 4211 8799 
62 8505 1584 10089 
63 6433 3958 10391 
64 1000 1000 2000 
65 2284 2169 4453 
66 2181 2006 4187 
67 5792 2317 8109 
68 11290 1659 12949 
69 965 227 1192 
70 3240 2335 5575 
71 293 795 1088 
72 423 352 775 
73 6325 4348 10673 
average 3257 1721 4979 

Central California 

16 1626 1192 2818 
17 149 0 149 
18 317 0 317 
19 37 0 37 
20 167 45 212 
average 459 247 707 



Washington Shelf 

74 
82 
83 
84 
85 
86 
average 

San Juan Islands 

21 
22 
23 
average 

Gulf of California 

75 
76 
77 
78 
87 
88 
89 
90 
91 
92 
96 
97 
99 
00 
01 
02 
03 
04 
05 
06 
07 
10 
11 
12 
13 
14 
15 
26 
27 
average 

Dinoflag./
Acritarchs

905 
2265 
4252 
2267 
2166 
795 

2108 

925 
1980 

19 
975 

7747 
369 

10827 
6064 

11001 
28 

4510 
4113 
7975 
1530 
6403 

961 
1439 
622 
661 
224 
788 

5898 
5197 
4591 

44 
2944 
3738 
1621 

115 
5825 
2266 
2555 

103 
3454 

68 

Foraminifera Total 

57 962 
338 2603 
886 5138 
412 2679 
510 2676 

0 795 
367 2476 

0 925 
258 2238 

56 75 
105 1079 

492 8239 
0 369 

97 10924 
3731 9795 
3471 14472 
470 498 

1397 5907 
3468 7581 
4681 12656 
1225 2755 
2668 9071 
1442 2403 
1799 3238 
1036 1658 
910 1571 
956 1180 

1182 1970 
2172 8070 
2243 7440 
9183 13774 

222 266 
2486 5430 
1035 4773 
2431 4052 

488 603 
4972 10797 

599 2865 
2164 4719 

343 446 
1978 5432 
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Text figure 12. Abundance of marine palynomorphs (per gram sediment) 
in the Southern California Bight; open circle - <2000 Cys¥/g- ; 
half-filled circle - 2000-7500; filled circle >7500 cysts/g- • 
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than offshore areas. In addition, four samples from sandy sediments 

had low cyst abundances (Table 2-3). The two samples yielding the 

highest concentrations of palynomorphs are from nearshore locations 

62 near Santa Monica Bay and 68, southeast of San Pedro Bay. 

Within the Gulf of California, four abundance zones can be delineated 

by the 7500 and 2000 cysts g-1 levels (Text-fig. 13). The northernmost 

contains three samples of relatively high abundance (75, 77, 11) including 

two greater than 7500 g-1. South of about 30 0 N lat., lies a group 

of four samples (76, 88, 13, 27) which contain less than 500 cysts 

per gram. Continuing south of this low abundance zone is a region 

of 14 samples of moderate (2000-7500 g-1) cyst densities. The fourth 

and southernmost area contains nine samples, of which seven have specimen 

densities less than 2000 g-1. 

Species CompQsitiQn 

The species composition of each geographical area is tabula ted 

in Tables 2.4-2.9, together with the ranked abundance of each species. 

For systematic descritions and illustrations, refer to Chapter Four. Only 

non-zero occurrences are tabulated in the averages. Spiniferites 

spp. were the most important palynomorphs of the two southern regions 

(Gulf and Baja); this category is displaced by LinsulQdinium macbaerophQrum 

in the Southern California Bight. The most important peridinioid 

cysts of both the Gulf of California and the SCB are PrQtQperidinium 

conicum and, in the Baja region,~. QblQnsum. The overall similarity 

between the three regions is reflected in the number of shared species 

among the 24 most impQrtant. The Gulf Qf California and Baja share 
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Text figure 13. Abundance of marine palynomorphs in the Gulf of California 
(Legend as in Text figure 12). 
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Table 2-4. Dinoflagellate cyst and acritarch species composition 
of the Gulf of California (* - thecate form previously found). 

Species Name 

1 Spiniferites spp. 
2 Protoperidinium conicym* 
3 Solisphaeridiym sp. a 
4 .F.r.. oblongum 
5 "Argodiniym schraderi" 

6 Solisphaeridiym sp. b 
7 ?Achomosphiera sp. a 
8 .F.r.. sybinerg 

9 Schizocystia "californica" 
10 Q. centrociroum 
11 Polysphieridium zoharyi 
12 BrigaQtedinium spp indet 
13 Prasinophyceae 
14 Protoperidinium cQmpressym 
15 ?Achomosphaera sp. b 
16 Lingulodiniym machaerophotym 

[thin variety] 
17 .F.r.. tholus 
18 .F.r.. cf. aspidotum 
19 Lingylodiniym machaerophorum* 
20 TybercYlodiniym vancampoae 
21 Q. israelianym 
22 Pediastrum boryanum 
23 Zygabikodiniym lenticulatym 
24 .F.r.. aff. tholYs 
25 .F.r.. claudicaQs 

Also present: Q. cf. longispiQigerum, 
cylod inium sp. a/ b, l.t.. denticulatym, 

Freguency 
(n=29) 

28
25
25
24
24

23
23
22

19 
18 
17
15
14
14
13

12
12
12
11
11 
11
10
10

9
8 

Average
Percentage

21.3 
7.0 
6.9 
7.2 
6.2 

7.2 
6.2 
3.9 

5.5 
4.0 
5.9 
3.2 
6.3 
2.3 
2.5 

5.0 
3.2 
2.2 
6.2 
2.8 
2.2 
4.7 
2.4 
2·.2 
1.7 

Protoperidinium leonis*, ?Qper
.F.r.. pynctulatym, Le jeunecysta 

diversiforma, ImpagidiQiym sphaericwn, Nematosphaeropsis labyrinthea, 
TectatodiQiym pellitum,.IX. arf. ayellaQa, Polykrikos kofoidii, Lecaniella 
sp., Q. cf. echigoeQse, "Saganeutes ~", "Skiagiopsis octaster",
"s. hialiQa", ?Schizosporis sp., ?Conqentricystites rubinus, Fili
spha~ridium sp., Le1euQeqysta cf. pulqhra, Leipokatiym invisitatum. 

Spiniferites species present: beQtorii, hyperqanthys, mirabilis, 
cf. oyatus, Qodosus, paqhydermus, pSeudofyrqatus, rampsus, sp a, sp. b, 
sp. c, Aqhompsphaera sp. 1, A. cf. ramu11fera. 

CJ'st-f'oraiDg thecae for which cJ'sts not found: ?Protogonvaylax catenella, 
Protoperid1Qiym depressym, ~. lat1ssimym, ~. pentagonum. 
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Table 2-5. Dinoflagellate cyst and acritarch species composition 
of samples from off Cabo San Lozaro, Baja California. 

Frequency Ayerase 
(n=3) Percentage 

1 Spiniferites spp. 3 15.1 
2 Protoperid;1nium oblonsum 3 9.6 
3 Solisphaeridium sp. a 3 5.5 
3 .1X. subinerme 3 5.5 
5 .1X. conicum 3 5.0 
6 ?Aqhomosphaera sp. a 3 4.1 
7 .1X. aff. tholus 3 2.3 
8 Brigantedin;1um sp. indet 3 1.7 
9 ?Aqhomosphaera sp. b 3 1.4 

10 Linsulodinium maqbaerophorum 2 18.1 
11 Solisphaeridium sp. b 2 11.8 
12 Operqulodinium qentroqarpum 2 2.4 
13 .1X. qlaudiqans 2 1.3 
14 h. cf. ayellana 2 1.2 
15 Zygab;1kod;1nium lentiqulatum 2 1. 1 
15 Q. israelianum 2 1. 1 

17 .1X. dentiqulatum 1 3.2 
18 h. qompressum 1 2.9 
19 .1X. cf. aspidotum 1 2.5 
20 .1X. leonis 1 2.3 
21 Polysphaeridium zoharyi 1 1.8 
22 "Arsodin;1um sqhraderi" 1 1.4 
22 .1X. thQlus 1 1.4 
24 Teqtatodinium pellitum 1 1.3 
25 Pediastrum boryapym 1 1.2 

Also present: Lingulodinium maqhaerophorum (thin variety) , ?Operculodinium 
sp. alb, Polykrikos kofoidi, Operqulodinium cf. 1ongispiniserum, 
ShizoqystiA "qaliforniqA", "Saganeutes ~", "Skiagiopsis oqtaster", 
Lejeuneqysta cf. pulchrA. 

Sp1niter1tes species present: ramOSUS (dominant), bentorii, hyperacantba, 
PAqhydermus, (dominant), pseudofurcatus, Aqbompspbaera sp. 1. 
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Table 2-6. Dinoflagellate cyst and acritarch species composition 
of samples from the Southern California Bight (. - motile form 
present). 

.Rank Frequency Ayerage 
(n=24) Percentage 

1 Lingulodinium machaeroohorum. 22 37.8 

2 Spiniterites spp. 21 29.0 

3 Protoperidinium conicum. 16 5.6 

4 Operculodinium centrQcarpum 13 7.6 

5 ?Achomosphaera sp. a 12 5.1 

6 ~. subinerme 9 4.2 
7 SQlisphaeridium sp. a 9 4.0 
8 Pediastrum bQryanum 9 3.8 

9 Impagidinium aculeatum 8 4.0 
10 PrQtQperid~nium thQlus 8 3.9 

11 Brigantedinium sp. indet. 7 4.9 
12 ~. QblQngum 7 4.4 
13 ~. aff. thQlus 7 3.9 
14 ?AchQmosphaera sp. b 7 3.4 

15 ~.cf. aspidQtum 6 4.8 
16 Q. israe11anum 6 3.9 
17 NematQsphaerQpsis labyrinthea 4 9.7 
18 Prasinophyceae 4 2.1 
19 ~. leQnis 3 1.5 
20 ~. claydicans. 2 8.1 
21 Lejeunecysta d~yersifQrma 2 4.6 
22 PQlysphaeridium zoharyi 2 3.4 
23 TectatQdinium pellitum 2 3.0 
24 PQlykrikQs kQfQidii. 2 1.3 

Also present: ~. sphaericYm, .1. cf. paradoxum, LingulQdinium machaero
phQrum (thin variety), ?OperculQdinium sp. alb, PrQtQperidinium denti
qulatum, l.I:. punqtulatum, l.I:. cQmressum, "ArgQdinium sqhraderi", 
Q. cf. lQngispinigerum, Pediastrum sp. 4, SqhizQsporis sp., "SkiagiQpsis 

Qctaster" 

Spin:iterites species present: bentQrii, hyperqanthus, mirabillis, 
nodQsus, paqhydermus, pseudQfurqatys, ramosys (dominant) sp. a, sp. 0, 

AqhQmQsphaera sp. 1. 

CJ'st torIIiDg aot11e stages for which the cJ'st 1s .1881118: PrQtQperidinium 
depressum. 
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Table 2-7. Dinoflagellate cyst and acritarch species composition 
of samples from Central California and the San Juan Islands. 

Central California 

1 - cf. ?Achomosohaera sp. b, 2 - Prasinophyceae, 3 - Operculodinium 
centrocarpum; also Protoperidinium oblongum,~. aff. tholus, Polysphae
ridium zoharyi,.H. labyrintbea, h. subinerme,~. conicum, Solisphaeridium 
sp. a, "Argodinium schraderi", Lecaniella sp., Pediastrum boryanum. 

San Juan Islands 

1 - ?Operculodin1um sp. alb, 2 - Protoperidinium leonis; also Brigante
dinium spp., Polykrikos kofoidii, Protoperidinium oblongum, ~. denticu
latum, Lecaniella sp., Pediastrum boryaoum, Spiniferites spp. iodet. 
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Table 2-8. Dinoflagellate cyst and acritarch species composition 
of samples from the Washington Shelf and offshore Oregon. 

Frequency Ayerage 
(n=6 ) Percentage 

1 Lecaniella s p. 5 54.4 

2 Pediastrum boryaoum 5 20.2 

3 i.. cf. duplex 4 2.9 

4 Schizosooris ap. 4 2.1 

5 Spiniferites ap. 3 3.7 

6 Protoperidinium leonis 3 2.4 

7 ?Achomosphaera ap. a 3 1.9 

7 Lingulodinium machaerophorum 3 1.9 

7 Solisphaeridium ap. b 3 1.9 

10 Pediastrum sp. a 3 1.6 

11 Operculodinium centrocarpum 2 20.7 

12 h. conicum 2 6.0 

13 Solisphaeridium ap. a 2 3.2 

14 h. subinerme 2 2.4 

15 h. cf. aspidotum 2 2.1 

Also present: ?Achomosphaera ap. b. Impagidinium aculeatum.~. strialatum. 
Linsulodin1um machaerophQrum (thin variety). Nematosnhaeropsis labrinthea. 
Polysphaeridium zoharyi • .Q. of. longispinigerum. ?.Q. sp. a/b. "Argodinium 
schraderi". "Saganeutes.Q.U.Q". Zygabikodinium lenticulatum. Brigantedinium 
spp., h. tholus. Pre aff. tholus. 

SQ1niterites species present: of. ?Achomosnhaera sp. b. 
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19 species, Baja and the SCB 18, and the Gulf and SCB 17. In all, 

the three regions share 15 forms. 

In the three northern areas poor recovery in two of the three 

(SJI and Central California) precludes a similar detailed comparison 

from being made. The Central California region (Table 2-7) was most 

similar in its composition to the SCB, except that .I... machaerophorum 

is missing and the Prasinophyceae become more important. Q. centrocarpum 

is an important member of the assemblage here, as it is in all regions 

but the SJI. 

The Washington Shel f I Oregon Offshore assemblages (summarized 

in Table 2-8) were characterized by a preponderance of freshwater 

and presumed freshwater forms including Lecaniella sp., Pediastrum 

boryaoum, £. cf. duplex, Pediastrum sp. 3, and ?Schizosporis sp. within 

the top 15. Cf. ?Achomosphaera sp. b is the most important marine 

palynomorph. Among the less frequent species, Q. Qentrocarpum averaged 

20.71 in two assemblages--including the offshore Oregon sample (74), 

which also contained Impasidinium spp. and Nematosphaeropsis labYr'inthea. 

The three San Juan Islands samples yielded an impoverished assemblage 

dominated by ?Qperculodinium sp. alb and .Ex. leonis; the latter is 

also an abundant species in the Washington shelf region. 

The geographic distribution of all species found is summarized 

in Table 2-9. There were no species limited to the northernmost area 

the San Juan Islands, indeed all of the species found there are also 

present in the Gulf of California assemblages. Two species are limited 

to the Washington-Oregon surface samples (Pediastrum sp. 3, and Impasi

dinium strialatum); all others being encountered further south, most 
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Table 2-9. Presence (+) and abundance rank of cyst species in the six 
California current areas studied. SJI - San Juan Is., SCB - Southern 
California Bight 

Region (no. of species) 

SJI WASH. CEHTRAL SCB BAJA GULF 
fOREGON CALIF • 

(9) (27) (13) (42) (37) (55) 

?Operculodinium + + + + 
sp. alb 

Protoperidinium leonis 2 6 19 20 + 

Brigantedinium + + 11 8 12 
spp. indet. 

Pre denticulatum + + 17 + 

Polykrikos kofoidii + 24 + + 

Pre oblongum + + 12 2 4 

Lecaniella sp. + + + 

Pediastrum boryanum + 2 + 8 25 22 

Spiniferites spp. + 5 1 2 1 

?Achomosphaera sp. b + 14 9 15 

Pediastrum sp. 3 10 

Impagidinium strialatum + 

?Schizosporis sp. 4 + + 

?Achomosphaera sp. a 7 5 6 7 

Lingulodinium 
machaerophorum 

7 1 10 19 

Solisphaeridium sp. b 7 11 6 

Operculodinium 
centrocarpum 

11 3 4 12 10 

Pre conicum 12 + 3 5 2 
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SJI VASH. 
fOREGO. 

camw. 
CALIF • 

SCB BAJA GULF 

Solisphaeridium sp. a 13 + 7 3 3 

~. subinerme 14 + 6 4 8 

~. cf. aspidotum 15 15 19 18 

~. aculeatum + 9 

Linsulodin1um 
machaerophorum 
[thin variety] 

+ + + 16 

NematQsphaeropsis 
labyrinthea 

+ + 17 + 

Polysphaeridium 
zoharyi 

+ + 22 21 11 

"Saganeutes J2.nQ." + + + 

"Argodin1um schraderi" + + + 22 5 

Zygabikodin1um 1enticu1atum + 15 23 

~. tholus + 10 22 17 

~. aff. tholus + + 13 7 24 

Prasinophyceae 2 18 13 

.Q. israe1ianum 16 15 21 

~. claudicans 20 13 25 

J... diyersiforma 21 + 

Tect§tgdinium pelIi tum 23 24 + 

~. sphaericum + + 

~. cf. par§doxum + 

Pediastrum sp. 4 + 

~. punctulatum + 

~. compressum + 18 14 

(continued on next page) 
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SJI WASH. 
fOREGO. 

CDTRAL 
CALIF • 

SCD BAJA GULF 

~. aff. ayellana 14 + 

Schizocystia 
"californica" 

+ 9 

"Skiagiopsis 
octaster" 

+ + 

Lejeunecysta cf. 
pulchra 

+ + 

Tuberculodinium 
yancUlpoae 

20 

~. cf. echigoense + 

Coocentricystites 
rubinus 

+ 

ftSkiagiopsis hialinaft + 

?Filisphaeridium sp. + 

LeipQkatium inyisitgtum + 

Spiniter1tes and Aohoaosphura Spp.: 

cf. ?A. sp. b + + + 

Spiniferietes bentorii + + + 

~. hypercinthus + + + 

~. mirabilis + + 

~. nQdosus + + 

~. pachydermus + + + 

~. cf. pseudQfurcatus + + + 

~. ramosus + + 

~. sp. a + + + 

~. sp. c + + 

(continued on next page) 



81 

SJI WASH. 
IOREGO. 

CBftRAL 
CALIF • 

SCD BAJA GULP 

Achomosphaera sp. 1 + + + 

~. sp. 

A. cf. 

b 

ramulifera 

+ 

+ 
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even in the Gulf region. From Oregon, ~. aculeatum extends south 

only to the Southern California Bight area but no further. 

One category of algal palynomorphs was found no further north 

than Central California; the Prasinophyceae also occurred in the SCB 

and Gulf to the south. 

The SCB provides the northernmost habitat for ten sPecies, one 

of which, the rare ~. cf. paradoxum occurred nowhere else. Opercu

lodinium israelianum, Protoperidinium claudicans and lX. compressum 

are found only in the three southern regions. 

The Baj a group of 3 samples contained no unique palynomorphs 

but 4 species appear only there and in the Gulf: ProtQperidinium 

cf. ayellana, "Skiagiopsis octaster", Shizocystia "californica" and 

Lejeunecysta cf. pulchra. 

Of the fifty-five species present in the Gulf of California samples, 

six are found only in this area among those studied, including Tubercu

lodin1ym yancampoae.· 

The distribution of Spiniferites spp. as listed in Table 2-9 

and in the tables summarizing each region. The following species 

form more than 50S of the total Spiniferites spp. count in the six 

regions: ~. hyperac@nthys (sample 76), ~. pachydermus (samples 87, 

91, 92, 97, 00, 01, 02, 03, 04, 07, 10, 13, 14), ~. sp. a (75, 77, 

78, 05) and A. cf. ramulifera in the Gulf; ~. ramOSY§ (09) and~. pachy

dermYs (98) in Baja; ~. ramOSYS in the SCB (51-28), Spinif§rites spp. 

indet. (cf. ?Achomosphaera sp. b) in Central California and the Washington 

Shelf. 

To further characterize the assemblages, the peridinioid and 
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gonyaulacoid cysts were summed in the six regions (Table 2-10). The 

Washington Shelf had the lowest peridinioid percentage (7. 3~), and 

Baja the highest (41. 1~ ) • The Gulf and San Juan Islands (each 28~)

and Central California and SCB areas (15.5 and 16.9') had similar 

percentages of that cyst type. Within the two regions of more extensive 

sampling, a pattern of higher peridinioid proportions (>15') is found 

in the northwest and offshore area of the SCB (Text-fig. 14). No 

pattern can be discerned in the Gulf (Text-fig. 15). 

Cyst-Motile Stase Relations 

The potential cyst-forming motile stages for the Southern California 

Bight, Gulf of California and San Juan Islands area are listed in 

Tables 2-11 to 2-13. The former region (Table 2-11) contains 15 known 

cyst-formers of which six produced cysts found in this study. Six 

cysts that were found in sediments, have not been recorded in the 

plankton. 

The Gulf of California has been the site of fewer phytoplankton 

studies. Eight cyst-forming motile stages have been reported (Table 

2-12), half of which were found in the sediments. Thirteen sPecies 

of cyst were found for which the corresponding planktonic form was 

absent in previous surveys. 

The San Juan Islands area (Table 2-13) showed the poorest represen

tation of thecae by their cysts. Only three of thirteen cyst-forming 

species were actually found as cysts in the three sediment samples 

examined. Two cysts have not been recorded as thecae in the plankton. 
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Table 2-10. Percentage of gonyaulacoid and per1d1nio1d dinoflagellates 
in each region studied. 

Gonyaulacoids Peridinioids 

Gulf of California 40.6 28.9 

Baja California 32.6 41.1 

Southern California 
Bight 68.8 16.9 

Central California 45.3 15.5 

Washington Shelf 20.8 7.3 

San Juan Islands 27.8 28.4 
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Text figure 14. Percentage of peridinioid cysts in the Southern California 
Bight (filled circle - >15%, open circle - < or = 15%). 
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Text figure 15. Percentage of peridinioid cysts in the Gulf of California 
(open circles <20%; half-filled circles 20-40%; closed circles 
>40%) • 





87

Table 2-11. Cyst forming dinoflagellates of the Southern California 
Bight. References: 1 - Allen, 1941; 2 - Balech, 1960; 3 - Reid 
.n .il., 1970; 4 - Briand, 1976; 5 - Morey-Gaines, 1979; 6 - Cullen 
.n .il.. , 1982; 7 - Blasco, 1978. Some cysts (+) may not be fossiliz
able. 

Reference Cyst found in 
this study 

Cachonina ~ + 5 
D1plopeltpps1s minpr 2 
GonYaulax polyedra 1-7 •
,a. scrippsae 3,4 •
.G,. spinifera 3,6 • 
ProtpgpnYaulax monilata + 4 
.£. catenella + 1,2 

Protpperidiniumclaudicans 4 •
~. cpnigum 3,4,6 • 
~. debressum + 1,3,4,6 
~. minutum + 1,2,4 
~. pentagonum 1 
~. thprianum 2 

Polykrikps kpfpidii • 
.f. sghwartzii 

Sgrippsiella trpgboidea calcareous 

Cysts for which the 80tlle fora has not been reported previously 1n 
the Southern California Bight. 

GonYaulax grindleyi (Opergulodinium gentrpgarpym) 

Prptpperidinium ayellana 

~. gon1gp!des 

~. pblongum 

~. subinerme 

Pyrodinium bahamense (Polysphaeridium zpharyi) 
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Table 2-12. Cyst forming dinoflagellates of the Gulf of California. 
1 - Gilbert and Allen, 1943; 2 - Klement, 1960; 3 - Round, 1967; 
4. Osorio Tafall, 1943; - - cysts found in this study.

Reference Location of
,population maximum 

Protogonyaulax catenella 1, 2 inner gulf 

Gonyaulax polYedra- 1, 3 not stated 

Protoperidinium conicum- 2, 3 mid-south 

h. depressum 1, 2, 3 south (found throughout) 

h. latissimum 2 south 

h. leonis- 2 south 

h. pentagonUDl 2 south 

Pyrodinium bahamense 4 

Cysts tor which the IlOtile stage haa not been reported previously 
in the Gult ot Calitornia. 

Protoperidinium oblongum 

h. Bubinerme 

h. compressum 

h. cf. aspidotum 

h. claud1cans 

h. denticulatum 

h. punctulatum 

.fI:.. aff.avellana 

GonYaulax grindleyi (Qperculodinium centrocarpum) 

,a,. scrippsae 

,a,. spinifera 

Pyrophagus yangampoae (Tuberculodinium yangampoae) 

Polykrikos kofoidii 
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Table 2-13. Cyst forming dinoflagellates of the San Juan Islands 
area. From Wailes, 1939. 

Cyst round in this study 

Gonyaulax grindleyi 

.G.. spinirera • 

.G.. digitale 

Diplopsalis minor 

Heterocapsa triquetra 

ProtQperidinium ayellana 

.f. conicoides 

.f. conicUJD 

.f. leonis • 

.f. minutum 

.f. pentaionum 

.f. subinerme 

.f. thorianum 

Polykrikos koroidii • 
C~sta for which the .otlle tora h88 Dot been preY1ousl~ reported troa 
the san Juan Islands area 

ProtQperidinium oblongum 

.f. denticulatum 
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IWINSPAN Analysis of Dinoflagellate Assemblages 

The resul ts of this analysis are displayed in dendrogram and 

tabular form and in its geographic distribution in Text-figs. 16-20. 

The characteristics distinguishing each assemblage are listed below 

after the breakdown is described. For convenience, a hierarchy of 

designations is set up as follows: region, subregion, area, subarea. 

The first cleavage in the data separates the Washington Shelf 

(Region I) from all other samples. At level two each of these groups 

is divided. The Washington Shelf Region separates into the Columbia 

River Estuarine (sample 86) and Non-Estuarine Subregions (1B and 1A). 

The Non-Washington Shelf group has only one sample (74) removed from 

their number at this level, forming Region II--Offshore Oregon. Level 

3 produces the final division for the Washington Shelf samples: IA 

is separated into the southern three Non-estuarine samples (IA1) and 

the northernmost sample (83, Area IA2). 

From the remaining Non-Washington Shelf samples a large dichotomy 

is created at Level 3: Region III includes most of the inshore Southern 

California Bight, as well as sample 98 from the Baja Region and sample 

12 from the south central Gulf of California while Region IV comprises 

offshore Southern California Bight (and one nearshore location, sample 

28), the two remaining Baja California samples (25, 09) and all of 

the remaining Gulf of California stations. Also in Region IV is the 

single San Juan Islands assemblage that qualified for the analysis 

(Text-fig. 17). 

At level 4, Regions III and IV are further subdivided (Text-fig. 18): 
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Text figure 16. Hierarchical relationships of the TWINSPAN groups 
of samples. Division levels are given at top of diagram. 
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Text figure 17. TWINSPAN regional sample groups in the California 
Current. See text for group descriptions. 
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Text figure 18. TWINSPAN regional sample groups in the Southern California 
Bight. See test for group descriptions. 
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Text figure 19. TWINSPAN regional sample groups in the Gulf of California. 
See text for group descriptions. 
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Subregion IlIA consists of one inshore SCB station (69--near San Pedro 

Bay), while IIIB contains the remainder of that Region's samples. 

Region IV is likewise divided into a Subregion (IVB) consisting of 

one sample--22 from the San Juan Islands, and the remainder of the 

Offshore SCB, Baja and Gulf (Subregion IVA). This large group of 

samples is divided at level 5 into Area IVA1: the Offshore SCB, the 

two Baja locations and one sample (97) from the mouth of the Gulf 

of California, and Area IVA2, the Gulf of California itself (Text-fig. 19). 

Subregion IIIB also divides at level 5 into two sample areas: the 

Southern Borderland Shore (IIIB1), vs IIIB2,the Santa Barbara Channel 

(including station 98, Baja). Finally, at level 6, areas are subdivided 

further: Area IIIB2, is comprised of the southern Channel IIIB2a 

(52, 56, 59, 73 and Baja 98); and the northern channel IIIB2b (51, 

70); Area IVA1 divides into a (54, 60, 65, 97) and b (66, 28, 25, 

77) of no geographic continuity. Most significantly, among the sample 

groups at this level--Area IVA2 divides into subarea a--the Main Gulf 

of California and b--the samples near the Mid-Gulf Islands. 

A more detailed description of the areas, with their binary codes 

(seen in Text-fig. 20), indicator and positively preferential SPecies 

and their pseudospecies cut levels (in brackets) as follows: 

Region I (1) Washington Shelf. Samples 82, 83, 84, 85, 86. 

Indicator: Leoaniella sp (3) 

Preferentials: h. leonis (1,2), ?Sohizosporis sp. (1,2), of. boryawm 

(1-5), Leganiella sp. (1-5). 
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Text figure 20. Two-way table of species and samples obtained from 
TWINSPAN. 

1. "Argodinium schraderi" 
2. Schizocystia "californica" 
3. "Skiagiopsis octaster" 
4. Tectatodinium oellitum 
5. Leipokatium inyisitatum 
6. Le1eunecysta cf.pulchra 
7. Protoperidinium compressum 
8. Tuberculodinium yancampoae 
9. h. claudicans 
10. h. oblongum 
11. Lejeunecysta diyersiforma 
12. ?Qperculodinium sp. alb pars 
13. Prasinophyceae 
14. Q. israelianum 
15. Polykrikos kofoidii 
16. Impsgidinium spp. 
17. LingulQdinium maohserQphQrum 
18. NematQsohaeropsis labyrinthes 
19. Spiniferites spp. 
20. PQlysphaeridium zQharyi 
21. Q. centrQcgrpUJQ 
22. ?AchQmQsphaera sp. b 
23. h. thQlus 
24. h. aff. thQlus 
25. ?AchQm9sphaera sp. a 
26. h. cQnicum 
27. SQlisphaeridium ap. b 
28. Brigantedinium app. 
29. Peridinioida indet. 
30. LingulQdinium mSchgerQphQrum (thin variety) 
31. h. subinecme 
32. SQlisphgeridium ap. a 
33. h. cf. aspidotum 
34. Q. cf. lQngispinigerum 
35. ?SchizQsDQris ap. 
36. Pedigstrum boryanum 
37. Lecgniella ap. 
38. 11:.. leQnis 
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Subregion 1B (11) Columbia River Estuary. Sample 86. 

Indicator: none 

Preferentials: Soiniferites spp. (1,2),.IX. leonis (2), of. boryanum 

(4,5). 

Subregion 1A (10) Non-Estuarine Washington Shelf. Samples 82, 83, 

84, 85. 

Indicator: ?Schizosporis sp. (1) 

Preferentials: ?Achomosphaera sp. a (1), 1L. maghaerophorum (1), 

?Achomosphaera sp. b (1), 1L. macgaerophorum (thin variety) (1,2), 

.2. aentrocarpum"( 1), of. zoharyi (1),.IX. cf. aspidotum (1), Brigante<iinium 

spp. ('),~. aon~aum (1,2),~. sUbinerme (1),~. tgolus,.IX. spp. indet. 

( 1 ,2), h. aff. tgolus (1), .2. cf. longispinigerum" (1), ?Sahizosporis 

sp. (1,2), Solispgaeridium sp. a (1,2), Solispgaerigium sp. b (1), 

"Argodinium scgraderi" (1), Leaaniella sp. (5). 

Area IAl (100) Southern Non-Estuarine Washington Shelf. Samples 82, 

84, 85. 

Indicator: none 

Preferential: twenty-one species 

Area IA2 (101) Northern Washington Shelf. Sample 83 

Indicator: ?Acgomospgaera sp. b (1) 

Region II (00) Offshore Oregon. Sample 74. 

Indicator: Impagidinium spp. (3) 
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Preferentials: Imoagidinium spp. (1-4), lie labyrinthea (1-3), 

~. centrocarpum (2-4). 

Region X (not analyzed) Central California. Samples 16-20. See Table 

2-7. 

Begion III (010) Inshore Southern California Bight. Samples 51, 52, 

56, 57, 59, 61, 62, 63, 67, 68, 69, 70, 73, also 12--mid Gulf, 98--Baja. 

Indicator: .1&.. machaerophorum (3) 

Preferentials: .1&.. machaerophorum (1-5), ~. kofoidii (1) 

Subregion IlIA (0100) San Pedro Bay. Sample 69. 

Indicator: Prasinophyceae (2) 

Preferentials: ~. zoharyi (1,2), Brigantedinium spp. (1,2), 

~. boryanum ( 1,2), Prasinophyceae (1,2) ,02. centrocarpum (2), 1... machaero

phorum (5). 

Subregion IIIB (0101) South Shore, Santa Barbara Channel. Samples 

51, 52, 56, 57, 59, 61, 62, 63, 67, 68, 70, 73, 12, 98. 

Indicators: none 

Preferentials: ?Achomosphaera sp. a (1,2), ?Achomospbaera sp. b 

(1), Impagidinium spp (1), .2. israelianum (1), .Er.. conicum (1-3), 

.Er.. leonis ( 1), .Er.. oblongum (1), .Er.. subinerme (1), .Er.. tholus (1), 

~. spp. indet (1,2),~. aff. tholus (1),~. kofoidii (1), Solisphaeridium 

sp. a (1), ~. sp. b (1,2), Spiniferites spp. (3,4). 
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Area IIIB1 (01010) South Shore. Samples 57, 61, 62, 63, 67, 68, 12. 

Indicators: .1&.. machaerophorum (5), lX. obloIlSum (1), ?Achomosphaera 

ap. a (1), Q. centrocarpum (1). 

Preferentiala : ~. cf. aspidotum (1), h. obloIlSum (1),.2. centro

carpum (2), Solisphaeridium sp. b (3), ~. machaerophorum (5). 

Subarea IIIB1a (010100). Mid Gulf. Sample 12. 

Indicator: h. obloIlSum (2 ) 

Subarea IIIB1b (010101) South Shore. Samples 57,61,62,63,67, 

68. 

Indicator: none 

Area IIIB2 (01011) Santa Barbara Channel. Samples 51, 52, 56, 59, 

70, 73, 98. 

Indicators: Spiniferites spp. (4), lX. spp. indet. (2) 

Preferentials: ? Achomosphaera ap. b (1), li. labyrinthea (1), 

h. claudicans (1), h. leonis (1), lX. subinerme (1), h. tholus 

( 1),.EI:.. spp. indet (1,2), .f.. kofoidii (1), lX. conicum (3), Spiniferites 

spp. (4,5). 

Subarea IIIB2a (010110) Southern Santa Barbara Channel. Samples 52, 

56, 59, 73, 98. 

Indicator: none 

Subarea IIIB2b (010111) Northern Santa Barbara Channel. Samples 51, 
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100

70.

Indicator: ~. labyrinthea (1) 

Resion IV (011) Southern Current, Baja, Gulf, San Juan Islands. Samples 

54, 58, 60, 65, 66, 28, 09, 25, 75, 76, 77, 78, 87, 89, 90, 91, 92, 

96,.97,99.01,03,04,05.06,07.10,11.13, 14, 15,,26,27, 

Indicator: none

Preferentials: Linsulodinium machaerophorum (thin variety) (1,2),

Z. zoharyi (1), ~. yancampoae (1), ~. cf. aspidotum (1), Le1eunecysta 

cf. Dulqhra (1), Brisantedinium spp. (1), ~. qompressum (1), Q. cf. 

IOpSispingerum (1), Schizoqystia "californiqa" (1,2), ?QperquIodinium 

sp. alb (1), "Argodinium sqhraderi" (1,2), Prasinophyceae (1), ~. ~

Iongum (2,3),~. subinerme (2),~. tholus (2), lX. spp. indet (2,3), 

Solisphaeridium sp. a (2,3). 

Subregion IVA (0110) Southern Current, Baja, Gulf. Samples 54, 58, 

60,65,66,28,09,25,75.76,77,78,87,89,90,91,92,96,97, 

01, 03, 04. 05, 06, 07, 10, 11, 13, 14, 15, 26, 27. 

Indicator: Spinirerites spp. (1) 

Preferentials: 25 species including Spiniferites spp. (1-4), 

~. obloogum (3). Solispharidium sp. a (1-3). 

Area IVA1 (01100) Southern Current, Baja. Samples 54, 60, 65, 66, 

28, 25, 77, 97. 

Indicators: k. maqhaerophorum (2), Br~santedinium spp. (2). 
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Preferentials: Impagidinium spp. (1,2), L. machaerophorum (1,2), 

?Schizosooris sp. (1), ?Achomosphaera ap. b (2), Brigantedinium spp. (2,

3), h. aff. tholus (2),,f. boryanum (2), h. oblons;um (3),.f£. subinerme 

(3), ~. app. indet. (3), Spiniferites spp. (4,5). 

Subarea IVA1a (011000). Samples 54, 60, 65, 97. 

Indicator: none 

Subarea IVA1b (011001). Samples 66. 28, 25, 77. 

Indicator : ~. oblons;um (1) 

Area IVA2 (01101) Gulf of California. Samples 58. 09, 75. 76, 78. 

87, 89. 90. 91. 92, 96. 99, 01. 03, 04. OS, 06, 07. 10. 11. 13, 14. 

15, 26. 27. 

Indicators: Schizocystia "californica" (1). ,f. zoharyi (1). 

"Argodinium schraderi" (1). Solispbaeridium sp. a (2) 

Preferentials: .E,. zoharyi (1.2), .I. yancampoae (1).~. claudicans 

( 1), h. tholus (1), 1&.. diyersiforma (1). .2. cf. loOSispinigerum (1). 

Sghizocystia "californiga" (1,2). ?Sghizosporis ap. (1), "A. sghraderii" 

(1,2), ?Aghomosphaera ape a (2), ~. corlgum (2.3), SolisphaerAAium 

sp. a (2,3). 

Subarea IVA2a (011010) Main Gulf. Samples 58, 09, 75, 78, 87, 89, 

90. 91. 92, 96. 99. 04. OS, 06. 10, 11. 14. 15, 26. 

Indicator: Brigantedinium spp. (1) 
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Subarea IVA2b (011011) Mid Gulf Islands. Samples 76, 01, 03, 07, 

13, 27. 

Indicators: ~. zoharyi (2), ~. boryaoum (1) 

Subregion IVB (0111) San Juan Islands. Sample 22. 

Indicator: none 

Preferentials: .IX. leonis {1-4),.IX. aff. tholus (1,2), of. kofoidii 

(1,2), Leoaniella sp. (1,2), Brisante4inium spp. (2,3), .IX. spp. indet. 

(3,4). 

Speoies sroups 

Besides isolating sample groups; the TWINSPAN analysis generated 

groups of species (or genera) that parallel the sample group indicators. 

In the dendrogram in Text-fig. 21, the order of species is identical 

to that of the arranged data set (Text-fig. 20). Sixteen groups of 

one or more species were found. Groups near the top of the dendrogram 

contain southerly species while the bottom two groups comprise Washington 

Shelf and San Juan Island species. A description of each group follows: 

regional indicators are noted after the species. 

Southern Groups 

Group 1 "Arsodinium sohraderi" (IVA2 - Gulf of California). Also 

preferential to IA (Non-estuarine Washington Shelf). 

Group 2 Sohizooystia "oaliforniqa" (IVA2 - Gulf of California), "Skia

Siopsis ootaster", Teotatodinium pellitum. ~. "oalifornica" is also 

preferential to IV (Southern Current, Baja, Gulf). The two other 

species are found in the Gulf, Baja and Southern SCB. 
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Group 3 Leipokatium inyisitatum, Lejeunecysta cf. pulchra. The latter 

species is preferential to IV (Southern Current, Baja, Gulf); the 

former is found in two samples: in the northern Gulf and the Santa 

Barbara Basin. 

Group II Protoperidinium compressum' Tuberculodinium yancampoae,.IX. clau

diqans, .IX. oblongum (IIIBI - South Shore), Le1eunecysta diyersiforma, 

?Operqulodinium sp. alb (pars); Prasinophyceae (IlIA San Pedro Bay, 

IIIBla - Mid Gulf). These species are generally more abundant in 

the Gulf. 

Group 5 Operqulodin,ium1sraelianum, Polykr1kos kofo1d1i. .Q. 1srae11anum 

is found only south of 34°N latitude, while ,E.. kofo1d11 is a more 

widespread cyst. 

Offshore Group 

Group 6 Impag1d1n,ium spp. (II - offshore Oregon). This genus is 

also preferential to IIIB (South Shore and Santa Barbara Channel) 

and IVA1 (Southern Current, Baja). 

Groups of species Q9"P)D to Southern And SCD ArIM 

Group 7 Lingulod1n,1um machaerophorum (III - Inshore SCB; IIIB1 

South Shore; IVA 1 - Southern Current, Baja) Nematosphaerops1s labyrinthea,. 

Most abundant in the SCB. 

Group 8Spin1fer1tes spp. (IIIB2 - Santa Barbara Channel; IVA - Southern 

Current, Baja, Gulf), Polysphaer1dium zoharyi (IVA2 - Gulf of California; 

IVA2b - Mid Gulf Islands). Both taxa are linked by their commonly 

high abundance in both the SCB and the Gulf. 

Group 9 Operculod1n,ium qentroqarpum (IIIB1 - South Shore). Preferential 

to IA (Non-estuarine Washington Shelf), II (Offshore Oregon) and IlIA 
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(San Pedro Bay), this is a latitudinally widespread species. 

Group 10 ?Achomosphaera sp. b (IA2 - Northern Washington Shelf), 

~. tholus, ~. aff. tholus. These species are preferential to IA 

(Non-estuarine Washington Shelf), the South Shore - Santa Barbara 

Channel (IIIB2), and are slightly more abundant in the inshore SCB 

than the Gulf. 

Group 11 ?Achomosphaera sp. a (IIIB1 - South Shore), h. conicum, 

Solisphaeridium sp. b (IVA2). This group is very similar to Group 

10 being preferential to IA and IIIB; in addition, in two cases, species 

are preferential to IVA2, the Gulf of California. All are slightly 

more abundant in the Gulf than in the SCB. 

Group 12 Brigantedinium spp. (IVA1 - Southern Current, Baja, IVA2a 

- main Gulf), Protoperidinium spp. indet. (IIIB2 - Santa Barbara Channel). 

Both cyst categories are preferential to IA (Non-estuarine Washington 

Shelf), IV, IVA 1 (Southern Current, Baja, Gulf) and IVB (San Juan 

Islands) • 

Both IIIB2 and IVA1 are under strong southerly current influence while 

IVA2a comprises most of the Gulf upwelling locations. 

Group 13 LingulQdinium machaerophQrum (thin variety), 1.1:. subinerme, 

Solisphaeridium sp. a (Gulf of California - IVA2). These species 

are all preferential to IA (Non-estuarine Washington Shelf) and IV 

(Southern Current, Baja, Gulf); the latter two species are preferential

to IIIB, the Inshore SCB.

Group III 1L. cf. aspidQtum, Operculodinium cf. 1 Qngispinigerom.

Like groups 12 and 13, these species are both preferential to IA and

IV. 
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Text figure 21. Dendrogram showing species grouping obtained from 
TWINSPAN analysis. See Text figure 20 for legend. Division 
levels are given at top of diagram. 
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lorthern ,00 freshwater groups 

Group 15 Schizoaporia sp. (IA - Non-estuarine Washington Shelf), 

Pediaatrum boryanum (IVA2b - Mid Gulf Islands), Lecaniella sp. (I 

- Washington Shelf. All of these species have freshwater affinities. 

Group 16 Protoperidinium leonia. This species is most abundant in 

the Washington Shelf and San Juan Islands. 
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DISCUSSION

Cyst Abundance 

The geographic distribution of cyst abundance can be evaluated 

on two extreme areal scales. Global and interregional studies yield 

information on the effects of large water mass characteristics and 

climate on cyst production, while meso- and microscale studies provide 

insights into the local effects of sedimentologic, topographic and 

oceanographic processes. The present study focusses primarily on 

geographically large-scale variation. 

The sediment cyst densities observed in the six regions fall 

wi thin the range found in other palynologically treated sediments 

in upwelling regimes (Wall.n .Al., 1977). The highest abundance 

(22311 cysts g-1) in the Baja Region and the more moderate numbers 

found in the Southern California Bight (11290) and Gulf of California 

(11001) are comparable with the Peruvian (14700) and South African 

(11200) upwelling areas. These cyst abundances are predictably high, 

owing to large standing stocks of dinoflagellate cells found in the 

nutrient-rich surface and subsurface waters of late summer and autumn 

(e.g. Allen, 1941). However, these numbers are not significantly 

higher than those obtained from other coastal waters not subject to 

upwelling episodes, such as Argentina (18257 cysts g-1). Even higher 

cyst abundances can be found in enclosed temperate bays, estuaries 

and fjords--up to 50000 cysts g-1 (Baaken & Koneczny, IPC Conference 

1984) • 

Lower values of cyst densities were observed in most samples 
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in this study, especially in the northern areas, even though most 

samples were taken from continental shelf sediments from similar depths 

()200 m.) and having grain size distribution (silt or finer) favorable 

for cyst preservation. Sedimentation rates do not vary substantially 

between the regions for which estimates exist. Representative rates 

(in mm/yr) are: Washington Shelf - 1.0 to 4.0 (Nittrouer, 1979); 

Southern California Bight - 0.3; outside the Channel Islands, to 1.0 

(near Santa Monica Bay), and 2.0 in the Santa Barbara Basin (Schwalback, 

1982 ms); Gulf of California - 0.5 in the basins to 1.85 on the continental 

slopes. Reasons for the substantial interregional variations must 

I ie in ei ther divergent abundances of cyst forming dinoflagellates 

and/or different rates of encystment. 

While overall phytoplankton production is high throughout the 

California Current (eg. Kleppel, 1980), the dinoflagellate proportion 

and composition changes with north/south position along the current. 

In northern coastal locations such as the San Juan Islands, diatoms 

are the most abundant phytoplankton group, accompanied by subordinate 

athecate dinoflagellates (Gymnodinium spp., Robinson & Brown, 1983), 

non-cyst-forming Ceratium spp., Noctiluca scintillans, Oxyphysis spp. and 

Prorocentrum balticUll, the gelatinous cyst-producers Protogonyaulax 

tamarensis and.f,. catenella (whose cysts are of questionable fossilization 

potential), two cyst-forming species of Goovaulax, Q. grindleyi .s.m1 

y,. spinifera, and Protoperidinium spp. (often found associated with 

diatom blooms; Taylor, in press). Species of Protooeridinium are 

the most abundant fossilizable cyst-forming dinoflagellates found 

in the plankton of the Northern California Current region near the 
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San Juan Islands. The samples examined from the San J\.lan Islands 

are poor representatives of the local flora, however, when compared 

to nearby British Columbia samples (Dobell, 1978 ms); the shallow 

depth and resultant tidal scour in the region may have been responsible 

for sparse assemblages of dinocysts. 

In the coastal region from Vancouver Island south to Point Concepcion 

diatoms still outnumber dinoflagellates but the influence of the oceanic 

non-cyst forming dinoflagellates is more apparent (Abbot & Albee, 

1966). Coastal bays from this region (not sampled in this study) 

can often produce red tides. The most abundant dinoflagellate genera 

in these regions are Protooeridinium and Ceratium (Bolin & Abbot, 

1963). The influence of the Columbia River plume on phytoplankton 

production in the Washington Shelf area is to change the timing of 

the seasonal succession compared to outside the plume; however, neither 

production nor species composition are thought to be affected (Anderson, 

1972) • 

The increased abundance of cysts in sediments parallels a "greater 

number of cyst-bearing planktonic dinoflagellates (listed in Tables 

2-10 to 2-12) in the three southern areas where dinoflagellate blooms 

are common (eg. Sweeney, 1975; Round, 1967). These areas evidently 

provide superior habitats for dinoflagellate production and the species 

present are cyst formers. The conditions responsible for enhanced 

dinoflagellate growth will be discussed below. 

That the northern areas produce fewer cysts per gram of sediment, 

would appear to contradict the general trend found by Wall .n.aJ... (1977) 

for greater cyst numbers in cooler waters than in warmer latitudes. 
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Here. however. a temperate and subtropical region provided a more 

sui table habitat for dinoflagellate growth and encystment. In the 

Washington Shelf and Central California. the vertical stability of 

the water column required by dinoflagellates is not achieved to the 

degree that it is further south. where surface waters can warm substan

tially between upwelling episodes. Another controlling factor may 

be the greater seasonality of sea surface temperatures observed in 

the southern regions. Since cyst formation is thought to be a strategy 

for wi thstanding environmental fluctuations (Dale, 1983). less seasonali ty 

reduces the stimulus for cyst formation. 

On the smaller areal scale of abundance variation. other trends 

are apparent. The Southern California Bight has a slightly greater 

density of cysts in areas inshore of the Channel Islands than offshore. 

This result was also found by Vork (1984 ms) for the central part 

of the Bight. Because the sampled area comprises a series of narrow 

basins and ridges, it redistributes cysts differently than the simple 

continental shelf and slope envisaged in the cyst dispersion scheme 

of Wall stk .&1.. (1977 ) who found an offshore abundance maximum near 

the slope-rise transition. Here basins become the areas of higher 

abundance, oWing to sediment focussing (Vork, 1984). The nearshore 

locus of higher cyst abundance parallels the higher standing stocks 

of motile dinoflagellates in that area, especially near the urban 

center of Los Angeles (Kleppel, 1980; Lasker, 1978). 

In the Gulf of California, four regions of abundance are seen 

that resemble only broadly the four plankton and sediment zones of 

Round (1967) (Text-fig. 10). Those zones correspond to different 
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degrees of isolation from Pacific Ocean waters. In the northernmost 

area, with high cyst abundance (>7500 g-1) dinoflagellates experience 

the most severe seasonal fluctuations of salinity, temperature and 

runoff from the Colorado River (Text-fig. 11) and corresponds to a 

portion of Round's Region 4 (Inner Gulf). The major bloom species 

in the area is Gymnodinium catenatum (?= Protogonyaulax catenella), 

while the most abundant cyst is "Argodinium schraderii". To the southeast 

of this area, low cyst abundances were found near the northern islands, 

despite reports of high phytoplankton populations there due to tidal 

mixing of central water with northern water (Round, 1967). Apparently 

formation and/or deposition of cysts does not accompany this high 

plankton abundance. To the south of this low abundance area is a 

region of intermediate cyst abundances, corresponding to the central 

Gulf basins and slopes. East of ca. 110·W longitude, Pacific water 

penetrates, producing a zone of low cyst abundance «2000 g-1) where 

oceanic waters prevail and low abundances are to be expected. 

Species Composition 

The cosmopol i tan nature of plankton populations is manifes t in 

the low number of biogeographic provinces in the north Pacific Ocean 

(McGowan, 1971 ) • The California Current comprises part of several 

zones, including the subarctic, transition and Eastern Equatorial 

Pacific. The dinoflagellate cyst assemblages reflect the moderating 

effect of the current on north/south gradients by the wide latitudinal 

range of most species and degree of community similarity between distant 

locations. These assemblage characteristics were first assessed subjec

tively through lists of species abundance ranks, then objectively 
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by the TWINSPAN analysis. Despite the high numbers of shared species, 

distinctive abundance-based associations were found to characterize 

individual regions and subregions. 

In four of the regions studied, Spiniferites species were the 

most important category of dinoflagellate cyst, not unexpectedly since 

thirteen species comprise this broad cyst morphotype. However, several 

distinct Spipiferites species reach dominance at various locations 

in the Current: ~. hypercanthus, ~. pachydermus, ~. sp. a and AchamQ

sphaera cf. ramulifera are important in most Gulf and Baja assemblages, 

while ~. ramosus and cf. ?AchQmQsphaera sp. bare dQminant only in 

cQmmunities frQm Baja nQrth. These findings are cQnsistent with previQus 

literature. BradfQrd & Wall (1984) nQted that bQth ~. pachydermus 

and S. hypercapthus (as ~. ramQSUS multibreyis) are more prevalent 

in warmer waters (warm temperate to trQpical) while~. ramQSUS a broader 

latitudinal range. 

The two northernmost areas, despite their pQQr assemblages, both 

possess a high proportion of b::,. leQnis cQmpared tQ regions further 

south. Among differences in the assemblages Qf the two northern regions 

are the high numbers of ?Operculodipium sp. alb in the anQmalous San 

Juan Islands samples, an abundance of freshwater palynomorphs in the 

WashingtQn Shelf samples and the occurrence of the classic offshore 

assemblage (eg. Wall et al., 1977; Williams, 1971) in the offshore 

Oregon sample (74). The Central California area, also one of poor 

productivity, provides a transition to the more diverse and abundant 

cyst floras to the SQuth. 

Spipiferites species are supplanted by Lingulodipium machaerophorum 
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as the most important cyst in the Southern California Bight. The 

latter cyst is usually important only in estuarine or estuarine-coastal 

environments (Wall ~ ~., 1977). Protoperidinium conicum, the world's 

mos t abundant peridinioid cyst, is the dominant cyst of this type 

in two of the southern regions, displaced by ~. oblongum in the Baja 

samples. 

The wide latitudinal range of several species is further shown 

in Table 2-9. Those environmentally tolerant forms encountered in 

the harsh environment of the San Juan Islands were all found in the 

Gulf, which provides vastly different oceanographic conditions. Far 

more species are limited in a northerly direction than in a southerly 

and there is a tendency to gain species as one follows the current 

sou th. Two Impagidinium species, .I. strialatum and 1.. aculeatum, 

appeared to be limited in a southerly direction but this may be simply 

a function of their rarity. Other than the rare .I. cf. paradoxum, 

all of the species found in the Southern California Bight were also 

present in all three southern regions. 

Comparing cyst with motile floral lists, nearly half of the known 

cyst-formers in both the southern California Bight and Gulf were not 

represented in sediments (Table 2-11, 2-12), and many of the cysts 

found in the sediments have not been reported as planktonic forms, 

despi te fairly extensive phytoplankton surveys. An example of an 

over-represented species that is present in the cyst stage, but missing 

in the motile phase in both areas is GonYaulax grindleyi. Dale (1976) 

found that same species to be over-represented in Norwegian Coastal 

waters. Besides these known cyst-motile stage pairs, other major cyst 
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species missing from the plankton record are those for which the motile 

stage is as yet unknown. Most numerous are ?Achomosohaera sp. a and 

b, Solisohaeridium sp. a and b and the distinctive "Argodinium schraderi". 

The absence of a cyst type in the sediments when it is common 

as a motile stage (under-representation) can be due to several causes. 

Initially, the motile stage population may not encyst at a particular 

location if it is carried elsewhere by currents before ambient conditions 

can induce cyst formation. Alternatively, the cysts may be formed 

and then themselves displaced by currents, destroyed by sediment reworking, 

or buried below the sediment depth sampled. Patchy sediment cyst 

distributions in shallow nearshore areas were demonstrated by Anderson 

.n.~. (1982b). Acombination of these influences is certainly responsible 

for cases of cyst under-representation observed in this study. As 

suggested above, sites nearby to the San Juan Islands were quite productive 

in the missing cyst types, especially Gonyaulax grindleyi (Dobell, 

1978 ms). 

RegiOnal SUbdivision by IWINSPAN Analysis 

The TWINSPAN analysis revealed interregional differences not 

found by manual inspection. Especially informative are the hierarchical 

nature of the analysis and the explicit statement of those species 

(and pseudospecies) responsible for each division. The technique 

thus disregards cosmopolitan or non-discriminatory categories. By 

referring to Text-figs. 16 and 20 the structure of each division is 

revealed. as well as some specific cyst characteristics. 

The distinctive freshwater input of Lecaniella sp. (at 10-201 
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abundance) results in the first order division of the data into the 

Washington Shelf and non-Washington Shelf samples (producing Region 

I). The only dinoflagellate species preferential to Region I is the 

environmentally tolerant Protoperidinium leonis; all other preferentials 

are freshwater forms. This group of five samples cleaves into IA 

-- the Estuarine sample (close to the Columbia River mouth), which 

lacks Schizosporis sp., and the nearby non-estuarine samples, which 

include this species. The distribution here provides a clue to its 

provenance; if it were a strictly freshwater form, one would expect 

Schizosporis sp. to be most abundant nearest to the river mouth. 

Alternatively, its absence there may not be significant. Third order 

division of the four non-estuarine samples is based on the presence 

of ?Achomosphaera sp. b in the northernmost sample (83); this sample 

is also furthest from the Columbia estuary and thus is subject to 

the lowest amount of terrigenous material and to near normal salinity. 

Among Non-Washington Shelf samples, the offshore Oregon sample 

is first isolated from the rest at the 2nd hierarchical level, based 

on an Impagidinium spp. abundance of at least 101. Also preferential 

to this region, were Nematosphaeropsis labyrinthea «101) and~. centro

carpum (3-501). This assemblage is most similar to Association X1 

of Wall .n .il.., (1977), but without the Spiniferites spp. comIDOn to 

that association. 

The remainder of the samples (except for 22) represent the three 

southern sample areas, where community differences are subtler. The 

Level 3 division into Regions III and IV separates the Inshore Southern 

California Bight (III) from the Southern California Current, Baja, 
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San Juan Island, Gulf of California assemblage (IV). The indicator 

species of Region III is LingulQd1nium machaerQohQrum (at least 10J) 

and the added preferential is PQlykrikQs kQlQidii. Region IV is nQt 

distinguished by a particular indicatQr; instead, the absence Qf thQse 

tWQ pseudo-species and a number Qf preferential species, including 

mQst Qf the southerly cysts frQm Table 2-9, is utilized. 

RegiQn III includes the Santa Barbara Channel upwelling IQcatiQns 

and the inshQre areas influenced by the SQuthern CalifQrnia CQuntercurrent 

(Text-figs. 6, 18). In additiQn, sample 98 frQm Baja and sample 12 

frQm the mid-Gulf are grQuped with these samples. CQmmQn to all these 

IQcations are proximity to shore and anthropQgenic nutrients and a 

relatively higher temperature (Text-fig. 6) compared to offshore waters 

Qf the current. These nearshore areas alsQ have a lQwer prQpQrtion 

of peridinioid cysts (Text-fig. 14). This area is atypical Qf most 

waters with high.L.. machaeroohQrum abundances, which are usually estuarine 

or estuarine coastal (eg. Association VI of Wall.n~., 1977). Ubiquitous 

in that association are Spiniferites bullQideus, ~. ramQSYS, PrQtQper

idinium cQnicum and ~. subinerme. 

The large amount Qf study devoted to GonYaulax pQlyedra, the 

theca Qf ~. machaerqphorum, is relevant tQ understanding the envirQn

ment of Region III. This, like the other areas of the California 

current is subject to upwelling, and at least two types of water can 

be upwelled: 1) deep saline water with high nutrient levels, from 

the California Undercurrent (Davidson Current); and 2) IQW salinity 

water from lesser depths (Estrada & Blasco, 1979). Dinoflagellates, 

especially y. oQlyedra, occur when the upwelling is nQt strong enough 
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to bring high salinity water to the surface (Blasco, 1975; 1977). 

In addition, y. polyedra can occur before or after a strong upwelling 

event. Other studies indicate that y. polyedra blooms from inshore 

sources spreading offshore from these seed beds (Kleppel, 1980; Eppley 

.n .al., 1978 ) • 

Once blooms are established, upwelling events can dissipate and 

destroy them. From these considerations the inshore SCB localities 

appear to have several qualities that promote~. machaerophorum deposi

tion: warmer, slightly more stable and less saline water than the 

offshore areas, and anthropogenic nutrient. Long term studies show 

tha t .G.. pQlyedra is a less cQnstant member Qf the assemblage than 

nQn-cyst formers such as Ceratium furca (Allen, 1941). 

After separation of Subregion IlIA (sample 69, San Pedro Bay), 

two Qther areas within Region III, IIIB1 and IIIB2 were subdivided. 

The South Shore area, IIIB1, is the locus of highest ~. machaerophorum 

abundance, over 50J. Other indicators here are ~. oblongum, ?AchQmo

sphaera sp. a, and Q. centrocarpum. The Santa Barbara Channel (IIIB2) 

together with Baja sample 98 all have abundant (30-50J) Spiniferites 

spp. (a California Current indicator) and 3-10J ProtQperidinium spp. in

det., a heterotrophic group which has previously been associated with 

upwelling conditions (e.g. Wall H.al.., 1977) and high diatom abundances. 

The difference in marine climate between these two regions is marked. 

Besides warm inshore southerly water, the Santa Barbara Channel receives 

strong California Current influence from nearby Point Concepcion. 

LingulQdinium machaerQphQrum, while still present in the Santa Barbara 

Channel, is subordinate to Spiniferites spp. brought in from the main 
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current core. 

Region IV contains the sample from the San Juan Islands, which 

lacks Soiniferites spp., and, at Level 4, that sample becomes subregion 

IVB. In Area IVA1, which comprises the Southern Current and Baja, 

the indicators are 3-10% Linsulodinium machaerophorum and the presence 

of Brigantedinium spp. The main differences between this and the 

Santa Barbara Channel assemblage are a lower k. machaerophorum content 

(20% vs 10%), a lower Spiniferites spp. proportion, higher Brigantedinium 

spp. percentages, and several added warm water preferentials; otherwise 

the two areas are similar. 

Region IVA2 is the unique Gulf of California assemblage with 

a number of indicator species including the two new species Schizo

cystia "californica" and "Argodinium schraderi", the warm saline indicator 

Polysphaeridium zoharyi, and Solispharidium sp. a. ,f. zoharyi is 

more important (3-10%) near the Mid Gulf Islands, where salinities 

approach 360 
/00. 

The TWINSPAN analysis also isolated 16 species/genus clusters 

of which five are considered warm-water groups. One is predominantly 

offshore, eight contain Southern Current and Southern California Bight 

species, and two groups comprise mainly northern and/or freshwater 

forms. Wi thin the eight southern and SCB groups distinctions are 

made based on relative abundance in the various TWINSPAN areas. 

The sample areas and species groups detected in the analysis 

can be rationalized based on differences in water mass characteristics. 

Because of the nature of the cyst stage, the cosmopolitan nature of 

planktonic dinoflagellates and the homogenizing effect of the current 
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on the cyst thanatocoenose, unique water mass marker species are rare 

in this system. The oceanographic properties of the water masses 

do produce unique combinations of species and abundances that can 

be used to map the sediment surface in this complex area. These also 

point to species to be used as potential current strength indicators 

in the downhole analysis described in Chapter 3. 
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CHAPTER THREE

YEARLY VARIATIONS IN SANTA BARBARA BASIN CYST ASSEMBLAGES 

INTRODUCTION 

One of the goals of Quaternary geologists is to develop more 

refined time scales, in which environmental variations can be measured. 

As the resolution improves, the type of information available from 

certain deposits becomes the realm of interest of those climatologists 

who investigate interannual or historical environmental variability. 

The most refined sediment records in the marine realm are from finely 

laminated (varved) anaerobic deposi ts formed beneath seasonally upwelling 

wa ter masses. Besides allowing resolution of time scales as short 

as 0.5 yr, they contain a far wider range of information than other 

chronological records such as incremental growth of trees, corals 

and stromatolites or snowfield strata (Soutar and Isaacs, 1974). 

There have been several previous palynological studies of varved 

sediments, mainly involving enumeration of pollen and spores in laminae 

of proglacial lak es (Muller, 1971 in Bowen, 1978; Terasmae, 1963) 

or marine deposits (Byrne et Al., in press; Rocha-Campos and Sundaram, 

1981). The main advance produced by those workers were: 1. to demon

strate that seasonality of pollen producers can be resol ved between 

light and dark laminae (Muller, 1971, in Bowen, 1978); and 2. to show 

that particular forest fires could be detected, using charcoal peaks 

in the varves (Byrne et· al., in press). Marine palynomorphs have 

not yet been investigated in varved sediments. 



121

The best known and understood varved marine sequence being deposi ted 

today is in the Santa Barbara Basin. Sedimentary time series of fish 

scale abundance (Soutar and Isaacs, 1974), diatcms (Soutar, 1975), 

runoff and rainfall (Soutar and Crill, 1977) and heavy metals (Bruland 

e tal., 1974) have been published from these deposi ts, as well as 

longer term paleoclimatic records of pollen (Heusser, 1978), radiolaria 

(Pisias, 1978), skeletal calcite (Dunbar, 1983) and sediment lithology 

(Fleischer, 1972). The varves also contain dinoflagellate cysts, 

which are investigated in this study. 

The Santa Barbara Basin 

This is one of several nearshore silled basins in the Southern 

California Continental Borderland. Formed in Late Miocene times (Emery, 

1960), it is located 20 km from the shore and runs parallel to the 

coast and the Transverse Ranges, from which comes much of its sediment 

fill. Because the area has attr-acted offshore oil exploration, it 

has been thorougly studied in all geological aspects; the early work 

was summarized by Emery (1960). 

The maximum depth of the basin in 590 m and the sill depth, 480 

m, coincides with the equatorial Pacific oxygen minimum zone of less 

than 1.0 mL L-1 (Summerhayes, 1983). In the coastal basins, the oxygen 

deficit is further enhanced by bacterial breakdown of the abundant 

organic matter on the sediment surface (Summerhayes, op cit.). Below 

the sills, circulation is restricted, but some turnover does take 

place (Sholkovitz and Geiskes, 1964). The climate of southern California 

is markedly seasonal: dry warm summers alternating with rainy winters. 
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This, coupled with the lack of sediment disturbance due to anoxic 

condi tions (0. 1 to 0.3 mL L-1, Summerhayes, 1983) , creates the al terna tion 

of laminae readily visible in the varves (Soutar and Crill, 1977, 

Fig. 6): highly organic light coloured summer laminae and denser, 

dark coloured winter laminae (Hulsemann and Emery, 1961). The capture 

of organic material on the sediment surface in spring and summer is 

enhanced by the presence of a mat of sulfur-reducing Beggiatoa bacteria 

(Soutar and Crill, 1977). The terrigenous sediment source is predominantly 

from the east, the Santa Clara and Ventura Hi vers (Drake, 1971). Some 

sediment is redeposi ted from nearshore «20 m deep) areas by intermediate 

or deep water currents (Drake II al., 1972). Much lesser amounts 

of detritus are carried by the northwesterly California Current, active 

in spring only. 

Besides the laminated calcareous olive grey lutite (Fleischer, 

1972), several other lithologic types are present in the basin succession. 

Below Holocene varves are homogeneous layers that indicate oxidizing 

conditions during glacial periods (Fleischer, 1972). Within the varved 

sequences there are thick grey layers, which were originally thought 

to be turbidites (Hulsemann and Emery, 1961), then flood year deposits 

(Drake II al., 1972) or possible earthquake-induced mudslides; however 

there are objections to each of these hypotheses (Soutar and Crill, 

1977). 

The grey layers interrupt the orderly chronology of varves but, 

despite this, painstaking intercorrelation of different cores, together 

with corroborating uranium series dating and reliable marker horizons, 

has allowed Soutar and his co-workers (1974, 1975, 1977) to assign 
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years to each individual varve with certainty. In their statistical 

analysis of the varves, Soutar and Crill (1977) found that there were 

defini te correlations between varve thickness, rainfall, temperature 

and southern California tree-ring thicknesses. Besides strengthening 

the confidence of date assignments, this showed that varve charcteristics 

were environmentally controlled. As one might expect, the sedimentation 

process acted as a fil ter for the climatic signal: sediment redistribution 

smoo thed and created lags in the variations in varve thicknesses. 

These effects must be borne in mind when correlating varve contents 

to yearly conditions. In their study of the charcoal content of the 

present core, however, Byrne II .li. (in press) found that most of 

the charcoal from two large fires was deposited in the varves in less 

than a year, notwithstanding the sediment reworking. 

These studies indicate that the interannual variation in amounts 

of land derived particles deposited is large enough (> 100 ~) to be 

detected in the varves. Pelagic sediments and organisms could reflect 

the equally great variation in marine climate. 

Eastern Pacific Climatic Fluctuations 

One reason for the growing interest in worldwide climate variation 

is the effect these changes have on biological resources. On the 

west coast of both North and South America, the most important climatic 

anomaly is the EI Nino-Southern Oscillation phenomenon, an aperiodic 

warming linked to slackened trade winds which has disastrous effects 

on fishing and other marine-based industries, while causing massi ve 

floods in Peru and Ecuador (Wooster, 1960). 
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El Nino originally referred to a warm current that flows southward 

along the coast of Ecuador and Peru and ends the local fishing season 

in January or February. The term is now reserved for the anomalous 

event covering the equatorial and subtropical Pacific. Philander 

(1983), Barber and Chavez (1983) and Cane (1983) have described various 

large-scale oceanographic aspects of the phenomenon, while Bacastow 

(1976), Bacastow et ale (1980), Quinn et ale (1978), and Rasmussen and 

Wallace (1983) described it from a meteorological point of view. Work 

on the biological effects of El Nino was summarized by Wooster (1960) 

and Barber and Chavez (1983). 

During one of these anomalous events, warm equatorial an<;l subtropical 

water is advected into the eas tern boundary current regions of the 

Americas and sea level ·rises. The relation of this rise to water 

and air temperature has been documented by Namias and Huang (1972), 

Saur (1972) and Tont (1978). A concomitant deepening of the thermocline 

and mixed layer is usually observed (Barber and Chavez, 1983) and 

primary productivity is severely reduced. Barber and Chavez (op~ cit.) 

have contrasted these conditions to those normal to spring and summer: 

low sea level, shallow thermocline and mixed layer, all of which favor 

high productivity. However, this typical relationship is not wi thou t 

exceptions: warm, nutrient-rich water can cause either low productivity 

or phytoplankton blooms, depending on other circumstances (Barber 

and Chavez, 1983, p. 1203). As a prelude to an El Nino, the eighteen 

months preceding are characterized by strong easterly trade winds 

and attendant low sea level and cool surface temperatures in the boundary 

current regions. This has been termed an anti-el Nino (Schrader and 
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Baumgartner, 1983). 

Not surprisingly, the best continuous information on interannual 

variabili ty exis ts for the west coas t of North America. There, long 

term records have been kept of sea surface temperature, salinity and 

sea level for a number of stations (Roden, 1960, 1966; Reid, 1960; 

Namias and Huang, 1972; Tont, 1978; Chelton, 1981). These records 

have been correlated to fluctuations in plankton diatom biomass (Tont, 

1976, 1981; Tont and Platt, 1979), diatom species composition in varves 

(Soutar, 1975; Baumgartner and Soutar, in press) and plankton dinofla

gellate species composition and abundance (Balech, 1960; F.M.H. Reid, 

in prep.), and radiolarian species composition (Weinheimer et li., 

in press). CalCOFI data show a time lagged relationship between the 

strength of advection and· upwelling and subsequent zooplankton abundance 

fluctuations (Chelton, 1981; Smith and Eppley, 1982). 

These oceanographic records, together with the long term dinoflagel

late abundance variations listed by Allen (1941) for two coastal stations 

and red tide occurrence summarized by Holmes et al., (1968), provide 

a good background for comparison to the Santa Barbara Basin downcore 

dinocyst spectra revealed here. 
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MATERIAL AND METHODS

The Core 

Core 262 was recovered by A. Soutar (Scripps) in September of 

1971 from the Santa Barbara Basin at a depth of 592 m, using a box 

core device described by Soutar and Crill (1977). The sediment-water 

interface was recovered intact. Core dimensions were 20 cm X 20 cm 

X 40 cm deep. The core was immediately frozen and cut into slabs 

1.5 cm thick at Scripps. 

The varve· chronology was established by Pb dating and hand210 

counting laminae from X-radiographs of slabs (Soutar and Crill, 1977). 

The characteristics of individual varves and their sequence can be 

used to correlate between cores. The varves above the A.C. 1926 level 

were well preserved but a grey layer interrupted the sequence at that 

point. The varves were thawed and allowed to reach room temperature 

before being sequentially sectioned. 

SamPle Preparation 

The varve samples were prepared for palynology in the laboratory 

of Dr. R. Byrne (University of California, Berkeley) using the standard 

techniques for Quaternary samples. In contras t wi th the techniques 

used for surface samples prepared in the Universi ty of Saskatchewan, 

a more severe oxidation was employed, including a four minute exposure 

to concentrated HN0 (cold) as well as 10% KOH. This was necessary
3 

to remove the high amount of amorphous acid-resistant material, thought 
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to be bacterial filaments (Byrne, pers. comm.). Unfortunately, this 

also removed the spherical peridinioid cysts. 

As previously, the samples were spiked with spores to enable 

calculation of absolute influx. This time, instead of adding tablets 

on a weight of sediment basis, it was surface area that was sampled. 

The final influx can thus be expressed as grains cm-2 yr-1• The sediment 

area sampled, number of tablets added and conversion to equi valent 

weight (using an average of 0.09 g cm-2 [Soutar and Crill, 1977]) 

are as follows: 

For 1954 to 1970: 

Dimensions: 15 mm X 8.5 cm = 12.75 cm2 

Spores added: 2 tablets X 12,500 spores = 25,000 

Spores cm-2 yr-~: 1,961 

Spores g-1: 21,789 

For 1926 to 1954: 

Dimensions: 15 mm X 18 cm = 27 cm2 

Spores added: 4 tablets X 12,500 spores = 50,000 

Spores cm-2 yr-1: 1,852 

Spores g-1: 20,578 

Slides were mounted in silicone oil (a dimethylpolysiloxane, 

200 fluid, 2,-00 centistokes viscosity, Dow Corning Corp., Midland 

Michigan, 48640). 

Examination Technique 

The technique used is similar to that described in Chapter Two; 

a t leas t 200 grains of Lycopoginium were counted, representing an 
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amount of sediment scanned similar to the previous analysis. 
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RESULTS AND DISCUSSION 

The results of the palynomorph varve counts will be described 

and compared here to several historical time series. Two Southern 

California sea surface temperature (SST) records that were chosen 

for the period studied are the Pt. H.1e.neme Tide station yearly average 

(1926-61), figured in Text-fig. 22 (from Dunbar, 1983) and the Southern 

California Bight standardized summer SST anomaly of Soutar {1975} 

in Text-fig. 23. Since the former record is from a station in closer 

proximity to the sampling site, and is of annual average temperature, 

not just summer temperatures, it is used here as primary source of 

comparison until the 1961 varve year. From 1962-70, the Soutar temperablre 

record is the only published time series available for comparison. 

Other studies have listed years of eastern Pacific Ocean-wide EI Nino 

warming events and cooling trends (e.g. Baumgartner and Soutar, in 

press; Bacastow, 1980; Weinheimer ~Al., in press). Combining multiple 

citations of warm and cold years, the following anomalies are considered 

most reliable: three main temperature peaks in 1930-31, 1940-42, 

and 1957-60 with subsidiary smaller peaks in 1963 (-1964 Weinheimer 

et al., in press) and 1966-68; and four major troughs in annual SST 

- 1928, 1934,1944-5 and 1956, with minor troughs in 1939 and 1962 

(-1963 Weinheimer ~ Al., in press). The major anomalies evidently 

are more widely recorded and are probably more reliable and significant 

than the minor ones. Spurious El Ninos in 1951 and 1953 (Baumgartner 

and Soutar, in press) appear to have no record in the Pt. Hueneme 

Tide station temperature or summer temperature index, so are excluded 
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Text figure 22. Average annual sea surface temperature at the Pt. Heuneme 
Tide Station (after Dunbar, 1983). 
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Text figure 23. Annual Southern California Bight sea surface temperature 
anomaly (after Soutar, 1975). 



+3 

)( 
Q)
"c: 0 

-3 

I < l \ jo.t l > < >< ====t / > d ( } I" ><,ac:::::::: :> .» .,t r c , < 

1926 128 '30 132 '34 '36 '38 '40 '42 144 146 '48 '50 '52 '54 IS6 '58 '60 162 '64 '66 '68 '70 



132

from the years listed. It can be noted that in two of the three recorded 

El Nino periods, the classic cool anti-el Nino preceded them by two 

years. The 1940-42 warm period had no preceding cold phase, while 

the cold year of 1934 did not foreshadow an E1 Nino. 

Another time series is then compared with cyst levels. Blooms with

in the Southern California Bight of the main cyst forming species there, 

Gonyaulax polyedra, reported during the years in question are compared 

with that cyst's (Lingulodinium machaerophorum) fluctuations in abun

dance. It must be remembered that these records, and the stated approxi

mate areal extent of the blooms, are purely anecdotal and blooms in one 

part of the bight do not necessarily coincide with blooms in the Santa 

Barbara Basin itself, for which no continuous record exists. 

Total Abundance 

The total marine palynomorph abundance is plotted in Text-fig. 24 

and the numerical values listed in Table 3.1. The forty-five year 

average influx is 668 cysts cm-2 yr-1 with an order of magnitude range 

from 1702 in varve-year 1944 to 146 in 1954. The major abundance 

peaks (over 900 individuals) occur in varve-years 1926, 1934-36, 1944-46 

and 1956. Of these, the latter three peaks in algal palynomorphs 

correspond to cold SST years, while the former does not. The 1934 

peak in cyst influx continued for three years; this was the coldest 

year on record at the Pt. Hueneme Tide station. 

The years of abnormally low influx (less than 400 individuals 

cm-2 ) were 1939, 1950-51, 1954-55, 1958-59 and 1967. Only the 1958-59 

low yields correspond to temperature peaks, indicating that most of 
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Text figure 24. Total dinoflagellate cyst abundance fluctuations 
in Core 262. 
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TABLE 3.1 Annual dinoflagellate cyst and acritarch abundance (cysts 

cm-2 yr-1) variations in Santa Barbara Basin Core 262 Varves. 

[1900 - warm years .19..QQ - cold years] 

Year· Total Abundance Year· Total Abundance 

1926 1033 1950 345 

1927 778 1951 211 

J.m. .Q.2.!l 1952 405 

1929 738 1953 626 

1930 668 1954 146 

1931 600 1955 261 

1932 845 .illQ. .ill. 
1933 624 1957 525 

..till. .lQ.lQ. 1958 337 

1935 1061 1959 192 

1936 1341 1960 686 

1937 1040 1961 637 

1938 457 1962 641 

1939 385 1963 629 

19110 7111 1964 830 

19111 1108 1965 394 

1942 434 1966 406 

1943 687 1967 338 

~ 1.Z.QZ 1968 871 

.1.9..!l2. .2Z.Q. 1969 697 

1946 975 1970 824 

1947 697 

1948 498 Avg.(N=45) 667.76 

1949 744 S 308.309 

·indicates e.g. winter - 1925 to summer 1926. 
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the poor cyst yields are not due to high temperature phenomena. The 

warm years of 1941-42 and 1930-31 produced below average to average 

cyst abundances. Warm years therefore are more likely to produce 

average or less than average cyst influxes than to produce high influxes. 

Response of Individual Species 

The five major dinocyst morphotypes of the Southern California 

Bight are Lingulodinium machaerophorum, Spiniferites spp., Pro conicum, 

Operculodinium centrocarpuffi, and ?Achomosphaera sp. a (Table 2.6) . 

Their yearly influx levels in the Santa Barbara Basin varves are summarized 

in Table 3.2 together with those of another persistent species, PrQtQ

peridinium claudicans. The annual abundances vary from lows Qf 0-10 

up to 565 cysts cm-2 g-1, the latter for .1&,. machaeroohorum, the most 

numerous cyst in the study. That species and h. conicum are the 

only two cysts occurring in each of the 45 yearly varves; Q. centrocaroum 

was fQund only in 30 varves, and its range of variation is the lowest: 

0-49 cyst cm-2 yr-1• 

The yearly variations of each of these six species are now described 

individually. 

Lingulodinium machaerophorum (=Gonyaulax polyedra) This cyst exhibits 

peak abundances centered on the years 1934, 1944 (following a low in 1940), 

then 1956 (Text-fig. 25). During the 1960's influx fluctuations were 

erratic. Years of low abundance include 1950-54, 1958-60, and 1965. Com

paring these levels with annual SST's (Table 3.3a) the three highest peak 
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TABLE 3.2 Summary of selected abundant dinocysts and acritarchs of 

the Santa Barbara Basin Core 262 varves. 

Years Average 

Present Abundance Range 

(n=45 ) (cm-2yr-1) 

Lingulodinium 45 124.2 10-565 

machaerophorum 

Spiniferites spp. 44 93.4 0-387 

Protoperidinium conicum 45 58.1 9-300 

?Achomosohaera sp. a 42 90.6 0-322 

Operculodinium 30 10.0 0-49 

centrocarpum 

Protoperidinium 35 21.5 0-74 

claudicans 
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Text figure 25. Abundance fluctuations of Lingulodinium machaeroohorum 
in Core 262. 
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• - year of Polykrikos kofoidii cyst bloom 

I - followed by Gonyaulax oolyedra (=Lingulodinium machaerophorum) bloom 

within two years 
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TABLE 3. 3b Peridinioid cyst responses to major peaks and troughs 

in sea surface temperature. 

.ft.. conicum 11:. claudicans Total 
peridinioids 

Main peaks 

1930-31 mixed low low 

1940-42 low decreasing low 

1957-60 mixed mixed decreasing 

Minor peaks 

1963 low low high 

1966-68 increasing mixed increasing 

Main troughs 

1928 

1934 

1944-45 

1956 

Minor troughs 

1939 

1962 

low 

high 

increasing 

low 

low 

high 

low low 

low high 

high high 

low increasing 

increasing low 

high high 
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temperatures all coincide with years of low varve cyst influxes, while 

the three latest major troughs in annual SST all coincide with years of 

peak of at least increasing abundance of this cyst. In addition, blooms 

in the plankton of Gonyaulax polyedra (Table 3.4) follow the two latest 

cold year cyst peaks (Allen, 1945; Holmes ~ al., 1968). While not 

following a cold water peak by two years as the others did, the wide

spread 1938 bloom of Q. polyedra follows the 1936 peak of its cyst, ~.

machaerophorum, by two years. The erratic cyst deposition during the 

1960's may reflect the greater observed bloom frequency during that time 

or may be an artifact of more active monitoring by oceanographers and 

fisheries groups. 

Soiniferites spp. This, cyst category has more sporadic fluctuations 

in the varves than 1... machaerophorum. Peak years of abundance are 

1944, 1956 and 1968 (Text-fig. 26), with numerous intervening minor 

peaks and troughs. The lowest ebb occurred in varve year 1954 when 

no cysts of this type were recorded in the sediments. The first two 

peak abundance years correspooo to years of cold temperature, while 

the 1968 record coincides with a minor warm SST year (Table 3. 3a) . 

The response of Spiniferites spp. to the first cold year, 1934, is 

an increase in the varve cyst density of this cyst type in 1935-36. 

Summarizing the responses of this group, a slight to moderately 

posi tive abundance response in cold years is postulated, peak warm 

water years coinciding with low to medium cyst influxes. Despi te 

the high abundance of this cyst type, no blooms of the corresporx1ing 

motile stage, GQnyaulax soin;i.fera were reported,. during the 
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Text figure 26. Abundance fluctuations of total Spiniferites spp. in 
Core 262. 
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TABLE' 3.4 Red tides of Gonyaulax oolyedra reported in the Southern 

California Bight during the years 1926-71. (1 - Allen, 1945; 

2 - Holmes et al., 1968; 3 - Eppley & Harrison, 1975). 

[l2QQ - following~. machaerophorum peak and cold year; 

1900 - following warm year] 

Year (reference) Areal Extent 

1938* - 1,2 25 miles around La Jolla Bay 

19_2 - 1,2 La Jolla 

..1.9!2 - 1,2 Laguna Beach to San Diego 

J.9.5.a - 2 Ensenada to Ventura 

1964 La Jolla- 2 

1965 - 2 La Jolla 

1966 - 2 La Jolla 

1968 - 3 La Jolla 

1970 - 3 La Jolla 

*2 years after k. machaerophorum cyst peak in 1936 
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years sampled. 

Operculodinium centrocarpum While a consistent accessory species 

in most California Current assemblages, this species never reaches 

dominant status as it does elsewhere. Peak varve a~undances occur 

in 1928, 1934, 1946, 1949, 1956, 1960-66 and 1968 (Text-fig. 27). 

Three of the seven peaks fall in cold water years (1928, 1934, 1956, 

Table 3.3a) but these abundances are no greater than those observed 

in other normal or warm water years (e.g. 1931, 1960). No causal 

relationship between temperature and abundance can be suggested here. 

?AcbolDOsphaera sp. a Major peaks in abundance for this cyst (Text

fig. 28) occur in 1944 .( where it reaches a high of 322 individuals 

cm-2 yr-1), 1946 and 195~. Low levels are found in the varve years 

1928, 1941, 1954 and 1958-59 (where no cysts of this species were 

recorded). The temperature response (Table 3.3a) is one of low to 

mixed abundance in warm years and low to high (or locally high) cyst 

influxes in cool years. The 1951 high and 1954 low in annual influx 

do not correspond to warm or cold years. Apparently, this species 

is not responding strongly to the temperature signal in this area. 

Protoperidiniwa conicg The apparent response of this cyst (Text-fig. 29) 

to cold and warm SST years is mixed. The peak year of its abundance 

is 1926, nei ther a cold nor a warm year; however the pre-1926 cys t 

history is not known and may be an influence. Warm water years 1930-31, 

1940-42 and 1957-60 correspond to mixed or low cyst abundances, while 
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Text figure 27. Abundance fluctuations of Operculodinium centrocarpum 
in Core 262. 
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Text figure 28. Abundance fluctuations of ?Achomosphaera sp. a in 
Core 262. 
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Text figure 29. Abundance fluctuations of Protoperidinium conicum 
in Core 262. 
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cold water years also evoked an inconsistent response: 1928 - low; 

1934 - high; 1944-5 - increasing; 1956 - low. This cyst responds 

poorly to oceanic climate (Table 3.3b). 

Protoperidiniwa claudicans Another erratic annual influx curve is 

seen for this form (Text-fig. 30). In both the cold water years and 

warm water years no consistent response was seen; (Table 3.3b). Peaks 

of abundance occur irrespective of the average yearly SST. 

Total Peridinioid Cysts The peaks in this cyst category, which included 

all but the fragile Brigantedinium species category (dissolved by 

HN0 ) and Pl". cf. aspidotum, occur in 1927, 1929, 1934, 1936, 1944-45
3 

and 1960-62 (Text-fig. 31). Low influxes of this cyst category usually 

correspond to warm SST years, while cool years tend to produce high 

cyst abundances. Still, the peaks in 1927, 1929 and 1936 are not 

related to cold years. Like the two main constituent species above, 

the abundance of this group is apparently not strongly controlled 

by the marine climate. 

Minor Species Table 3.5 lists the minor species found in the Santa 

Barbara varves and their years of occurrence. Most appear to occur 

irrespective of temperature anomaly; however Polysphaeridium zoharyi 

is found in all three warm periods out of its nine occurrences, while 

the Prasinophyceae occur in three of the four cold periods in 11 appear

ances and in no warm water years. "Skiagiopsis octaster", found in 

no other samples in the Southern California Bight, is present in 20 
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Text figure 30. Abundance fluctuations of Protoperidinium claudicans 
in Core 262. 
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Text figure 31. Abundance fluctuations of the total peridinioid cyst 
fraction (exclusive of Brigantedinium spp. and ~. cf. asoidotum) 
in Core 262. 
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TABLE 3.5 Years of occurrence 

Barbara Basin varves. 

[00 - warm years; 

00 - cool years] 

Species frequency 

(n=45 ) 

"Skiagioosis 20 

octaster" 

Imoagidinium spp. 7 

"Saganeutes ~" 5 

Polysohaeridium . 9 

zoharyi 

Prasinophyceae 11 

Protoperidinj,.um 17 

leonis 

Lejeunecysta 6 

diyersiforma 

Omanodinium tholus 9 

Pre subinerme 18 

of minor species enumerated in Santa 

Years of Occurrence (19__) 

26, 27, 29, 30, 

37, 39, JlO, Jll, 

46, 60, 67, 70. 

31, 

42, 

32, 

43, 

.3!l, 
44, 

36, 

45, 

29, 35, 43, 47, 61, 66, 69. 

35, 36, Jl1, 42, 52. 

29, 

66. 

30, 32, 40, 43, 44, 58, 61, 

26, 28, 36, 

63, 65, 66. 

37, li, 47, .5.Q., 62, 

29, 

58. 
70. 

32, 

60, 

JI 1 , 

61 , 

42, 

62, 

44, 

63, 

47, 

64, 

51, 

65, 

.5..Q., 

68, 

37, 42, 43, 44, 46, 52. 

29, 

64. 

31, 33, !5" 48, .5..6.., 59, 62, 

29, 33, 

50, 51 , 

68, 70. 

,J.!, 

54, 

36, 

57, 

38, 

58. 

42, 

59, 

43, 

61, 

49, 

62, 
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of these varves. 
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CONCLUSIONS 

The Santa Barbara Basin varves provide a valuable medium for 

preserving some components of marine palynomorph assemblages which 

appear to respond to large scale oceanographic events. For the first 

time, a long-term yearly record of dinocyst influx to sediments is 

available. As described by Soutar and Crill (1977), the record is 

fil tered: a large posi tive signal to the sediment also spills into 

the next several varves. Responsible for this is reworking and redepo

sition of inshore sediments. 

The cys t ca tegories (besides the total abundance) apparently 

responding to the oceanographic signal are Lingulodinium machaero

phorum, Spiniferites spp., and possibly Prasinophyceae. All of these 

categories apparently exhibit a negative relationship with annual SST. 

Polysphaeridium zoharyi appears to be positively related to SST. Other 

abundant species are controlled by other factors or are not abundant 

enough to be detected in adequate numbers in these varves. 

Although the time series compared here reflect only one parameter 

- annual SST - directly, this property has important correlated oceano

graphic properties, e.g. current advection strength, upwelling intensity 

and nutrient supply, all of which vary negatively with temperature. 

Highest annual temperature anomalies occurring in El Nino conditions 

result in slackened equatorward flow, reduced upwelling and an influx 

of warm, nutrient-poor water into the boundary current region from 

the south and west, with the attendant warm water fauna and flora. 

The reason a warm cyst flora is not advected during El Ninos may lie 



153

in the fact that most of the immigrants are tropical oceanic species 

which do not produce cysts. In the best studiedel Nino, 1957-60, 

Balech (1960) documented an marked influx into Southern Calfornia 

waters of warm water non-cyst forming dinoflagellates (e.g. Ceratium 

spp. ), compared with normal or anti-el Nino years. In the present 

study, only Polysphaeridium zoharyi, the cyst of Pyrodinium bahamense 

is a warm, saline water species; but it is also commonly found in 

other Southern California locations. 

The two cold water or strong current indicators, ~. machaerqphorum 

and Spiniferites spp., dominate the assemblage to such a degree that 

the total cyst abundance also reflects the climatic variations. Other 

potentially responding species include the peridinioids, often associated 

with diatom blooms. Their record in this study is necessarily incomplete 

owing to the poorer preservation potential of the brown Brigantedinium 

s peci es under the palynological treatment techniques used. Wi thout 

this fraction an important part of the assemblage in this area 

(see Chapter 2) the group's true response may have been lost. 

The cyst of another potential cold water indicator found by Balech 

(1960), Protogonyaulax catenella, was not encountered in these prepara

tions, but its fossilization potential is not well documented. 

The mechanism of response to changes in current activity between 

the two main climatic indicator species is probably different, as 

their surface sediment distribution patterns are divergent (see Chapters 

2 and 4, Text-fig. 33). Spiniferites spp. are not bloom forming in 

the area, but are the most common dinocysts in most of the California 

Current (an indicator category of the Santa Barbara Channel and Southern 
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Current areas) and probably vary in abundance directly with the strength 

of advection. Conversely, Lingulodinium machaeroohorum, is common 

only in the Southern California Bight area and is an indicator of 

the warmer South Shore area (Chapter 2 and 4, Text-fig. 33). The 

thecate stage is a bloom-former and only an inconsistent member of 

the phytoplankton community here. From 1920-1939, Allen (1941) noted 

five years that y. polyedra was entirely absent from the bight, during 

which time it undoubtedly survived in sediments as a cyst. 

An explanation of the local cyst dynamics can be proposed. During 

times of relatively strong upwelling, high encystment rates might be ex

pected to occur in the planktonic populations of Q. polyedra. Blooms 

could follow later that summer if upwelling intensity was reduced to a 

suitable level (Walsh et al., 1974; Blasco, 1975). During the next year 

or whenever suitable conditions occurred, i.e. warm stable water, the 

resulting large numbers of cysts in the sediments could repopulate ("seed") 

the water column and a red tide bloom could ensue. The cysts might even 

contain stored nutrient for growth upon excystment. 

Widespread red tides of ~. oolyedra during the El Nino year of 

1958 may have been seeded by the large 1956 cyst population. In several 

other instances in this time series blooms of this species followed 

high cyst influx years. Similar mechanisms have been suggested for 

toxic species by Prakash (1967), Anderson ~ ~., (1982a), and Thayer 



e t al. (1 983 ) • 

While not as intimately or directly dependent on upwelling or 

current flow for proliferation as diatoms, dinoflagellate cysts are 

capable of acting as proxy indicators of large-scale changes in current 

activity. Further fine-resolution sediment and climatic records like 

the Santa Barbara Basin will undoubtedly provide more evidence of 

this property. 
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CHAPTER FOUR

SYSTEMATICS AND SPECIES DISTRIBUTION OF CALIFORNIA CURRENT REGION CYSTS

GENERAL REMARKS ON DINOFLAGELLATE CLASSIFICATION 

The classification of Quaternary dinoflagellate cysts poses problems 

to the palynologist. Before describing the organic-walled microfossils 

encountered in the California Current and Gulf of California, these 

will be addressed briefly. 

Dinoflagellate palynology bridges the fields of paleontology 

and phycology, and the classification system employed differs according 

to the morphological criteria used by the taxonomist. Two methods 

of classification are currently in use, predominantly based on either 

the cyst or the motile stage morphology. It has been stated by many 

dinoflagellate workers (e.g. Evitt, 1970; Dale, 1978) that it is desirable 

that a unified system, based on both stages, be achieved. Even with 

the integration of information on cyst and motile morphology, obstacles 

to this goal remain, largely because evolution seemingly has progressed 

at different rates in these two stages, cysts often showing greater 

morphological range than the motile stages within the same taxonomic 

group (Dale, 1983). 

Ini tially, the classification and description of motile dino

flagellates progressed far more rapidly than that of cysts. By 1920 

a large number of motile genera and species had been described, the 

classification being made according to the nature of the amphiesma, 

the presence and pattern of plates and the overall shape. Little 
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notice of cyst morphology was taken and, if so, only anecdotally. 

By 1928 the familial classification of the Order Peridiniales Haeckel, 

whose members produce the majority of known cysts, was in place; this 

has remained largely unchanged to the present (Loeblich, 1970). Recently 

some generic diagnoses have been revised (e.g. Balech's [1974] subdivi

sion of Peridinium Ehrenberg., and the subdivision of the genus Gonyaulax 

Diesing [Taylor, 1979]). In contrast, fossil dinoflagellate classification 

was only beginning in the 1930's and the present family structure 

was only approached in the 1960's (Sarjeant, 1974). So it is not 

surprising that the taxonomy of these algae has developed along two 

independent lines, one for living forms, one for fossils. For Quaternary 

palynology, wher~ either system can be used, the choice is problematic. 

Attempts to unify dinoflagellate classification have been largely 

thwarted, and many have argued that two separate systems should be 

maintained even for Quaternary cysts (e.g. Norris and McAndrew, 1970; 

Reid, 1974; Bradford, 1978b). They call for the placement of new 

fossils into the cyst-based classification of Sarjeant and Downie 

(1966, 1974) and Norris (1978), in which 38 families of dinoflagellates 

were distinguished. Other workers, however (e.g. Wall and Dale, 1968a), 

have placed Quaternary cysts into the large, heterogeneous thecate 

genera and families. There are several cogent arguments against inte

gration of the two systems: 

1. For many cysts (e.g. Impagidinium spp.), the exact equivalent motile 

form is unknown; the generic affinity may be evident, however. For 

these types, a form genus based wholly on cyst morphology is the only 

solution to naming the organism. 
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2. Certain thecate species produce several cysts of divergent morpho

logies. This is the case in the genus Gonyaulax, where one motile 

species, ~. spinifera, produces at least eight types of cyst (Matsuoka, 

1983). These may represent ontogenetic or ecologic variants. Alterna

tively, thecae allocated to~. spinifera may acually comprise a hetero

geneous collection of homeomorphs among which minute morphilogical dif

ferences eventually may be found to separate them into true species. 

3. In certain instances, different thecae may produce cysts that 

are almost indistinguishable (Protooeridinium ayellana, ,f. denticulatum, 

1:. punctulatum; see Reid and Harland, 1977; Harland, 1982b). What 

differences do exist can be seen only in perfectly preserved specimens 

and in particular orientations on the strew mount; thus, specific 

determinations of fossil forms are usually impossible. 

4. Certain cyst forms described from the Quaternary are similar 

to Tertiary species or genera. By using a nomenclature based on the 

holomorph it is implicit that, in all cases, that particular cyst 

corresponded to that particular modern theca type. Given the different 

evolutionary rates between the two stages, this is not necessarily 

a valid assumption. 

Recent detailed studies have shown that, at least for some groups 

of Quaternary dinoflagellates, a consistent integrated system is possible, 

negating some but not all of these objections (numbering as above): 

i. The unified system would not have to include all known Quaternary 

cysts immediately. Informal or form-generic names might still be 

applied to those forms not identified with any motile species. If 
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the motile genus is known, an informal specific or subgeneric epithet 

or a numeral could be applied to the cyst. Where the morphology of 

a cyst is sufficiently similar to that of others already allocated 

to a particular genus or part of a genus ~ where the morphology 

of the cyst is distinct and persistent, a new species might be set 

up provisionally, based oncyst characteristics alone (e.g. Protooeridinium 

tholus [Bradford]). when the thecate stage comes to be discovered, 

that information might be incorporated into the specific diagnosis. 

ii. For Gonyaulax, the eventual solution may involve either elevating 

the rank of Gonyaulax above generic level or reducing the rank of cyst 

generic names, as was done for some Protoperidinium (see below). This 

would also solve the problem of Spiniferites having priority over Gon

yaulax since their ranks would be different. Unfortunately, some species 

of Gonyaulax would then be indistinguishable, based on thecate material 

alone. This is not without parallel: some Nostocaceae and other blue

green algae require culturing and observation of heterocyst formation 

to be assigned to species. 

iii. Harland (1982b) has recently shown that, while .1:1:.. avellana and 

Pr. denticulatum are part of the subgenus Archaeperidinium with two 

intercalary plates, ~. ounctulatum is referable to the subgenus Proto

peridinium, which has three. Under ideal conditions such differences 

are reflected in the shape of the archeopyle. When specimens are 

encountered in orientations unsui table for identification to species 

level, generic or even more general designations can still be applied, 
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as is the practice of Quaternary pollen analysts. 

iv. The system of classification advocated by Harland for Protoperidi

nium does not discard the familiar generic names (e.g. Selenopemphix) 

used for cysts, it merely relegates them to the status of sections. 

This status could apply to other fossil genera also. Clearly, an 

adjustment of the ranks given to genera of cysts or motile stages 

is needed. In one approach, Bujak and Davies (1983) have used the 

ranks of subfamily and tribe between family and genus for peridinioid 

lineages. However, inconsistently, they give the modern cyst genera 

(e. g. Brigantedinium) the same rank as the motile genus Protooeridi

nium, which incorporates that and other cyst genera. One solution 

would be to raise Protoperidinium to tribe level and to retain those 

other names as genera. 

At least for modern peridinioid cysts, the prospect of achieving 

a fully unified classification system is near. Other, presently insol

uble problems remaining for the gonyaulacacean cysts are: 

a. The cyst classification at the generic level is already internally 

inconsistent, since archeopyle type alone is used to differentiate 

Tectatodinium Wall (1P) from Bitectatodinium Wilson (2P), while Lingulo

dinium comprises types 2P to 5P (Dale, 1978b). 

b. The rule of priority, if strictly applied in the case of Gonyaulax 

Diesing 1866, would relegate this genus to a junior synonYm of Spinife

rites Mantell 1850. 

Provisional cyst-based and motile-stage-based names will be required 

for gonyaulacoid cysts for some time, but it is no longer needful 

to create any new cyst-based nomenclature for modern forms, just so 
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as to artificially maintain a dual system. 

In the present study a conservative approach has been taken. 

For all gonyaulacoid cysts, the familiar cyst nomenclature has been 

used, followed by an indication of thecate affinity where known. 

For peridinioids the integrated cyst-thecate nomenclature has been 

applied where possible, otherwise cyst names have been used. Since 

for the motile-based names the cyst was most often not included in 

the original description, only the cyst literature is cited in the 

synonymy lists. Reference for original descriptions for motile stages 

may be found either in Balech 1974), Loeblich and Loeblich (1966), Loeblich 

(1970) or Dodge (1982). The synonymy list of each form is further limited 

to name changes or alternate names only: other citations are listed 

under "Geographic Range".. In that section, two time categories are 

used. "Modern" indicates occurrence of the cyst in the surface sediment 

layer or in the plankton, representing as near as possible the present-day 

cys t community. This is distinguished from Recent occurrences, in 

subsurface strata not representative of the last several hundred years. 

These older records, along with those of Pleistocene age, are included 

under the category "Quaternary". 

All measurements of specimens are given in micrometers. The 

number (n) of specimens measured is stated for each species. Length 

and width measurements of chorate cysts refer to main body only, not 

including processes; process lengths are given separately. For some 

of the more frequently occurring species, distribution maps are presented, 

but for others only sample numbers are cited. For locations, refer 

to Text-figs. 1, 5, 7, and 8. The following abbreviations are used: 



162

SCB - Southern California Bight; SBB - Santa Barbara Basin; B.C. 

British Columbia, c. - circa. 

SYSTEMATICS 

Class Dinophyceae Fritsch 1929 

Order Gonyaulacales Taylor 1980 

Genus Achomosphaera Evitt 1963 

Remarks: While Reid (1974, P. 608-609) considered Achomosphaera a 

junior synonym of Spiniferites, the absence of any parasutural lines 

or traces on most species of Achomosphaera, including the type specimen 

of the type species A,. ramulifera (Deflandre, 1937), is herein considered 

sufficient for the retention of the genus. This concurs with the 

practice of Stover and Evitt (1978) and Lentin and Williams (1981). 

Achomosphaera sp. 1

Pl. 1, fig. 6,7.

Description: Small, thin walled ovoidal to spherical cyst with a

moderate number of slender, flexuous gonal processes and a type P3 

precingular archeopyle. Processes one-eighth to one-third of the 

cyst diameter, distally trifurcate, expanded slightly proximally. 

Surface of the phragma smooth. 

Measurements: (n=7) length X width: 34 - 49 (-64) X 34 - 49; pro

cesses : 6 - 10 • 
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Remarks: This species is distinguished from other members of the 

genus mainly by its thin wall. 

Occurrence: Present in two central California samples (16, 18), four 

southern SCB locations (58, 62, 68, 70), Baja, and two southern Gulf 

samples. In the TWINSPAN analysis it is included with the Spiniferites 

species. 

?AchQmQsohaera sp. a 

Pl. 2 fig. 4-7. 

?1977 DinQflagellate Cyst Form B Wall ~ al., Pl. 1, fig. 2. 

DescriptiQn: Spheroidal tQ ellipsQidal cyst bearing a mQderate number 

of inflexible, cylindrical gQnal and sutural processes whose lengths 

vary between Qne-third to Qne-fifth of the cyst diameter. The bases 

of the processes are expanded into a short septum, and are distinct 

from the main body. Distally the prQcesses are simple, capitate, 

bifurcate and trifucate, some with bifid tips, and open. In some 

cases one end of the cyst may be devoid Qf prQcesses. No indications 

of sulcus, cingulum Qr paratabulatiQn are present. Archeopyle large, 

?precingular. Two wall layers, phragma smoQth. 

Measurements: 

Wall llll. (1977) This study (n=20) 

length 36 15 - 29 



164

width 19 - 29 

processes c. 6 

Remarks: In the lack of a description of Wall et al.'s (1977) cyst, 

only a tentative synonYmY can be made, but the superficial similarity 

is marked. 

Cysts of Peridinium faeroense, as described by Dale (1977a), 

while of similar size and appearance to ?Achomosphaera sp. a, are 

spherical, with solid and highly branched processes. 

Until the nature of the archeopyle is ascertained, the generic 

allocation of the species cannot be made with confidence. 

Occurrence: Common (3 samples, average 4.1%) in the Baja area samples, 

also present on the Washington shelf (3, 1.9%) SCB (12, 5.1 %) and 

the Gulf (23, 6.2%). In the SCB ?Achomosphaera sp. a is more abundant 

in two offshore samples near islands (58, 54) but otherwise no pattern 

is app~rp.nt there. In the Gulf, this cyst is present throughout (Text

-fig. 33), especially common in certain southern coastal and central 

upwelling sites. Absent from the southernmost and two northeastern 

sites. An indicator of the South Shore (IIIB1) region. 

?Achomosphaera sp. b

Pl. 3, fig.1, Pl. 7, fig. 6,7.

Description: Spheroidal, thin-walled chorate cysts bearing numerous

cylindrical flexible processes, with lengths one-fourth to one-fifth

the cyst diameter. These are apparently attached proximally by septa,
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and distally bifurcate or trifurcate, then bifid. The process distri

bution may be both gonal and intergonal, but cannot be established 

beyond doubt. Archeopyle large, probably single plate precingular. 

Phragma laevigate, wrinkled. 

Measurements: (n=3) diameter: 27 - 33, process length: 5 - 7. 

Remarks: This cyst is larger than ?AchQmQsphaera sp. a, and its processes 

fewer, smaller and mQre flexuous. The uncertainty Qf the archeQpyle 

type and process distributiQn thrQws questiQn Qn the generic assignation. 

Cf. ?AchQmosphaera sp. b is figured in Pl. 3, fig. 1. It has 

shorter and more robust processes, some of which appear to have a 

double shaft. Preservation was so poor that no further mQrphological 

notes could be made. 

Occurrence: Present in all areas but San Juan Islands, most frequent 

in the Gulf (13 samples, 2.5%), but most abundant in the SCB (7, 3.4%). 

Within those regions no centers of abundance are found. An indicator 

of the Northern Washington Shelf (IA2). 

Achomosphaera cf. ramulifera (Deflandre 1937) Evitt 1963 

Occurrence: Baja (98) and eleven Gulf samples, in all areas. Included 

with Spiniferites spp. in TWINSPAN. 

Genus Bitectatodinium Wilson 1973

Bitectatodinium tepikiense Wilson 1973
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Pl. 1, fig. 5.

1973 Bitectatodinium tepikiense Wilson, p. 351-353, fig. 1-12. 

1973 Gen. et sp. nov., Gonyaulax sp. indet. Harland, p. 236, 

Pl. II, fig. 1-3, 5-6. 

1974 Caledonedinium vermiculatum Reid, p. 589-90, Pl. 1, fg. 3-5. 

Measurements: 

Wilson (1973) This study (n=1) 

diameter 46 - 60 49 

wall thickness 2 - 5 2.5 

Remarks: The California specimen agrees well with the diagnosis and 

subsequent descriptions. The two-paraplate precingylar archeopyle 

is well developed; a tongue in the upper margin indicates the position 

of the boundary between the two opercular paraplates, which are of 

different size. The operculum is attached along the cingular margin. 

~. vermiculatum Reid was shown to be a junior synonym of ~. tepikiense 

by Harland (1977, p. 93). 

Occurrence: Rare, present only in the SBB subsurface. 

Geographic range: Quaternary - New Zealand (Wilson, 1973), Japan 

(Matsuoka, 1983), Malin Sea (Harland, 1978b), North Sea (Gregory and 

Harland, 1977; Hughes ll. li., 1978), Norwegian Sea (Harland, 1984c), 

Bay of Biscay (Harland, 1979), Goban Spur (Harland, 1984a), Rockall 

Plateau (Harland 1984b), Grand Banks of Newfoundland (Harland, 1973), 
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Nova Scotia (Miller ~ Al., 1982). 

Modern - Bay of Biscay (Harland, 1979), east coast U.S.A. (Wall 

et al., 1977), Gulf Stream and North Atlantic Drift, Norwegian Sea 

(Harland, 1983), British Isles (Reid, 1974; Harland, 1977, 1981, 1983), 

Norway (Dale, 1976), Barents Sea (Harland, 1982b), Mediterranean Sea 

(Wall .tl al., 1977), Persian Gulf (Bradford and Wall, 1984), Nova 

Scotia (Miller II al., 1982). 

~. tepikiense has been found in tropical to arctic, outer neritic 

to oceanic (Harland, 1977, 1983) and even estuarine (Wall.tl ~.,

1977) environments. It is often associated with Q. centrocarpum or 

Spiniferites -species. 

Genus Impagidinium Stover and Evitt 1978

Impagidinium aculeatum (Wall 1967) Lentin and Williams 1981

(= Gonyaulax sp. aff. spinifera [Clapatede and Lachmann] Diesing)

Pl. 4 , fig. 1-3 •

1967 Leptodinium aculeatum Wall, p. 104-105, Pl. 14, fig. 18,

19; text-fig. 3C, D. 

1979 Leptodinium aculeatum Wall; Morzadec-Kerfourn, p. 226, PI 

fig. 

1981 Impagidinium aculeatum (Wall); Lentin and Williams, p. 153. 

Measurements: 

Wall (1967) This study (n=4) 

length 28 - 38 30 - 37 

width 21 - 26 
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height of septa <9.5 7 

Remarks: The paratabulation of this small, hyaline ovoid cyst is 

difficult to determine in the present specimens, but the overall pattern 

appears to conform with that of the genus, particularly the equal 

size of paraplates l' and 4' and the subtriangular 6" paraplate, which 

has a short contact with the apical paraplate. The wall is of two 

layers; the distinctive high crests (up to 1/4 the cyst diameter) 

are formed by the periphragm only. The crests reach their greatest 

height in the gonal areas and appear to be reinforced by short gonal 

spines. The broad cingulum is offset by more than one width. The 

apex tapers to a blunt point, the antapex is quadrate. The archeopyle 

was not visible in this material. 

Occurrence: 1.. aculeatum was common only in sample 74 from offshore 

Oregon (20%) and 67, nearshore SCB (12.8%). Present in other samples 

throughout the SCB, it averages 4% of the assemblages there. 

Geographic range: Quaternary - Caribbean Sea (Wall, 1967), West Africa 

(Rossignol-Strick and Duzer, 1979), Bay of Biscay (Har~and, 1979), 

Mediterranean Sea (Morzadec-Kerfourn, 1979, 1984), Red Sea (Wall and 

Warren, 1979). 

Modern - Most of North Atlantic (Williams, 1971; Harland, 1983), 

Caribbean Sea (Wall, 1967), east coast U.S.A., equatorial Atlantic, 

Argentina, south Africa (Walllly,., 1977), Mediterranean Sea (Morzadec
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-Kerfourn, 1979), off West Africa (Rossignol-Strick and Duzer, 1979), 

Bay of Biscay (Harland, 1979), Red Sea (Wall and Warren, 1969), Philippine 

Sea (Matsuoka, 1981a). 

A temperate to tropical, outer neritic to offshore species (Wall 

et al., 1977; Harland, 1983). 

Impagidinium cf. oaradoxum (Wall 1967) Stover and Evitt 1978

Pl. 5, fig. 1-3.

Remarks: Very distinctive in this cyst is the broad ventral area

and conical epicyst. The septa have irregular edges, but are not 

denticulate. Plates l' and 4' may be separated by a full parasutural 

membrane. 

Measurement: length X width: 45 X 33; septa: c. 6. 

Occurrence: Found in one SBB sample (28) and downcore 262. Because 

only a few specimens were observed no firm assignation could be made. 

Impagidinium sphaericum (Wall 1967) Lentin and Williams 1981

Pl. 4, fig. 5-7.

1967 Leptodinium sphaericum Wall, p. 108, Pl. 15, fig. 11-15,

text-fig. 2a-c. 

1981 Impagidinium sphaericum (Wall); Lentin and Williams, p. 154. 
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Measurements: 

Wall (1967) This study (n=3) 

length of body 43 - 58 49 - 80 

width 43 - 67 

height of septa 3 4.3 

Remarks: The study material conforms with the specific diagnosis, 

displaying a spherical to polyhedral shape, with a conical epi tract, 

and a small apical boss formed by the periphragm only. The large 

precingular archeopyle is formed by the loss of paraplate 3", and 

is not of the reduced type. One specimen, from the SBB varves, is 

much larger than the others, but is similar in all other aspects. 

All of these specimens are microgranular at 800X power. 

~. patulum (Wall, 1967) and ~. paradoxum (Wall, 1967) also possess 

low septa and are ovoidal in shape. In~. patulum, paraplates l' 

and 4' are fused. 

Occurrence: A southern species: SCB, present only in one offshore 

sample (66) and two nearshore samples on the mainland side of the 

Gulf (27, 10; 2.2% avg.). 

Geographic range: Quaternary - Caribbean Sea (Wall, 1967), Mediter

ranean Sea (Morzadec-Kerfourn, 1979, 1984), Red Sea (Wall and Warren, 

1969) • 

Modern - Caribbean Sea (Wall, 1967), Norway (Dale, 1976), Norwegian 
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Sea (Harland, 1984c), Mediterranean Sea (Morzadec-Kerfourn, 1979), 

North Atlantic (Williams, 1971; Turon, 1980; Harland, 1983), South 

Africa, Argentina, east coast U.S.A. (Wall ~ ~., 1977). 

Like the other species of this genus, this is an offshore to 

ou ter neri tic cyst present in temperate and tropical waters (Wall 

et al., 1977; Harland, 1983). 

Impagidinium strialatum (Wall 1967) Stover and Evitt 1978

(= Gonyaulax sp. af~. spinifera)

Pl. 18, fig. 2,3.

1967 Leptodinium strialatum Wall, p. 107-108, Pl. 15, fig. 9,

10; text-fig. 5. 

1978 Impagidinium strialatum (Wall); Stover and Evitt, p. 166. 

1979 Leptodinium striolatum [sic] Wall; Morzadec-Kerfourn, p. 226, 

Pl. 34, fig. 3. 

Measurements: 

Wall (1967) This study (n=3) 

length 26 - 38 30 - 71 

width 29 - 54 

height of septa 5 - 10 3.3 

Remarks: These small cysts are distinguishable by the striate, frill-like 

crests formed by the periphragm; they are higher in gonal posi tions 

and wavy in plan view. The large, precingular archeopyle is formed 
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by the loss of paraplate 3" and is not of the reduced type. the sulcus 

is large. One broken SBB varve specimen is very large (67 um wide), 

with a micropunctate phragma. 

The larger~. jaoonicum Matsuoka 1983 also has high sutural septa, 

but those are granulate, not striate. 

Occurrence: Common (10%) in one sample (74) from offshore Oregon. 

Geographic range: Quaternary - Carribean Sea (Wall, 1967), Mediter

ranean Sea (Morzadec-Kerfourn, 1979), Red Sea (Wall and Warren, 1969). 

Modern - Caribbean Sea (Wall, 1967). Mediterranean Sea (Morza

dec-Kerfourn, 1979), Philippine Sea (Matsuoka, 1981a), central Atlantic 

(Williams, 1971; Turon, 1980). 

Genus Lingulodinium Wall 1967 emend. Wall and Dale in Wall et ale 1973 

Lingulodinium machaerophorum (Deflandre and Cookson 1955) Wall 1967 

(= Gonyaulax polyedra Stein) 

Pl. 1, fig. 8; Pl. 6, fig. 4; Pl. 8, fig. 4; Pl. 14, fig. 6; 

Pl. 17, fig. 6. 

1951 Resting cyst of Goniaulax polyedra Stein; Nordli, p. 107-208, 

fig. 1a-f. 

1954 cf. Goniaulax polyedra Stein; Erdtman, fig. 2B. 

1955 Hystrichosphaeridium machaerophorum Deflandre and Cookson, 

p. 274, pl. 9, fig. 4,8. 

1959 cyst, Goniaulax McKee et Ai., pl. 1, fig. 9. 

1961 Hystrichosphaeridium ashdodense Rossignol, p. 322, pl. 1, 
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fig. 9. nom. nUde 

1964 Baltisphaeridium machaerQphQrum (Deflandre and CQokson); 

RQssignol, p. 90-91, pl. 2, fig. 14, pl. 3, fig. 20-21. 

1966 Baltisphaeridium machgergphQrum Deflandre and COQksQn [sic]; 

MQrzadec-KerfQurn, p. 140, pl. 3 fig. 1,2. 

1967 cyst of GQnyaulax polyedra Stein; Evitt, p. 43, pl. 6, fig. 13

-19, text-fig. 13-14. 

1967 LingulQdinium machaerophQrum (Deflandre and CQokson); Wall, 

p. 109-110, pl.15, fig. 16, 17, text-fig. 6. 

Measurements: Defl./CoQkson Harland (1977) This study(n=10) 

length 41-54 42-50 44-59 

width 40-45 37-53 

process length 13-18 4.5-17 (2)4-20 

Remarks: The process morphQlogy is quite variable but they are usually 

punctate and striate, and their tips rounded Qr acicular. A variant 

type, seen in Pl. 17, fig. -6 has very reduced prQcesses. Because 

Qf the large archeopyle, specimens are Qften crushed so the number 

Qf IQst paraplates cannot be determined. 

1.. sadQense Matsuoka, 1983 has larger and fewer prQcesses than 

1.. machaerophQrum and is slightly larger in diameter. The slightly 

larger size Qf the Japanese cyst may be a mQre cQnsistent difference. 

1.. pugigtum (Drugg, 1970) has mQre numerQUS and shQrter processes 

than typical 1..mgchgerQph9rum, while the prQcesses Qf 1.. sQlarum 

(Drugg, 1970) are more rQbust than thQse of this species. 1.. siculum 
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(Drugg, 1970) and L. solarum are both larger than the present cyst. 

A morphotype with processes narrower than the typical forms (Pl. 8, 

fig. 4; Pl. 14, fig. 6) was distinguished, but because no intact 

specimens were encountered, full taxonomic treatment was precluded. 

It has fewer, less flexuous processes than L. machaerophorum subsp. 

filiforme (Rossignol, 1964). The present variety (distinguished as 

?Lingulodinium sp. 3 in the TWINSPAN analysis), may be the product 

of the smaller of two Gonyaulax polyedra morpho types found in the 

SCB (Freda H.H. Reid, pers. comm., 1984). 

Occurrence: While this cyst forms a portion of the association in 

all regions but central California and the San Juan Islands, it is 

by far more important in the SCB (22 samples, average 37.8%) than 

either Baja (2, 17.2%), the Gulf (11, 6.2%) or the Washington shelf 

( 3 , 1.9%), where these cysts are found only north of the Columbia 

River. L. machaerophorum has two dis tinct abundance regions in the 

SCB, a moderately abundant northwestern and offshore zone, and a south

eastern and neashore zone, .wi th higher specimen densities (Text-fig. 32) . 

Within the Gulf, this cyst is present in all regions. In one sample, 

12, close to the mainland, this cyst registers 22.4% of the cyst com

munity. An indicator species of the Inshore SCB (Region III), South 

Shore (IIIB1) and the Southern Current, Baja (IVA1) areas. 

Tha narrow-process variety is a southern type; while present 

in two SCB samples and in the Baja area, its greatest frequency and 

abundance are reached in the Gulf (11 samples, 5.0%). 
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Geographic range: Quaternary - British Isles (Wall and Dale, 1968c; 

Downie and Singh, 1969; Harland, 1968, 1973, 1978b; Hughes et Al., 

1978), France (Morzadec-Kerfourn, 1966, 1976), Bay of Biscay (Harland, 

1979), Mediterranean Sea (Rossignol, 1964; Rossignol and Pastouret, 

1971; Planchais ~Ai., 1977; Morzadec-Kerfourn, 1979, 1984), Carribean 

Sea (Wall, 1967), Black Sea (Wall II Ai., 1973), Red Sea (Wall and 

Warren, 1969), Japan (Matsuoka, 1983), West Africa (Rossignol-Strick 

and Duzer, 1979). 

Modern - British Isles (Reid, 1974, 1975, Harland, 1977, 1978a,b), 

France (Morzadec-Kerfourn, 1977), Sweden (Nordli, 1951; Evitt and 

Davidson, 1964), Norway (Dale, 1976), Northwest Africa (Williams, 

1971; Harland, 1983), Baltic Sea (Erdtman, 1954), Black Sea (Wall 

et al., 1973), Mediterranean Sea (Rossignol, 1964; Morzadec-Kerfourn, 

1977, 1979; Wall et al., 1977; Planchais et al., 1977), Caribbean 

Sea, east coast U.S.A., Peru (Wall, 1967; Wall et Ai., 1977), West 

Africa (Rossignol-Strick and Duzer, 1979), Persian Gulf and northern 

Arabian Sea (Bradford and Wall, 1984), California (Arends and Damassa , 

1980), the Gulf of California (Cross II al., 1966), Japan (Matsuoka, 

1976a, 1981b, 1985; Kobayashi II Ai., 1981), Philippine Sea (Matsuoka, 

1981a). 

This cyst is found in all but high lati tude marine environments 

(Harland, 1983), but is most abundant in regions of high nutrient 

concentrations (Bradford and Wall, 1984, p. 32). It is notable that, 

while present in the offshore region of Peru (which has a hydrographic 

regime similar to the California Current) this cyst is not abundant 

there (Wall II Ai., 1977). While thought previously to be an estuarine 

dinocyst (Wall et al., 1977, p. 152), its abundance in the SCB shows that 

it can flourish in distincly non-estuarine conditions. 
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Theca: Found in temperate and tropical waters throughout the world. 

(Dodge, 1982) and in the three southerly sampling areas of this study. 

Genus Nematosphaeroosis Deflandre and Cookson 1955

emend. Williams and Downie 1966

Nematosphaeropsis labyrinthea (Ostenfeld 1903) Reid 1974

Pl. 7, fig. 4,5.

1903 Pterosperma labyrinthus Ostenfeld, p. 578, fig. 12. 

1904 pterococcus labyrinthus (Ostenfeld); Lohmann, p. 47, pl. 7, 

fig. 16, 17, 20. 

1954 Pterosperma labyrinthus Ostenfeld; Gaarder, p. 15, fig. 18a, 

b, c. 

1955 Nematosphaeropsis balcombiana Deflandre and Cookson, p. 268, 

pl. 8, fig. 5. 

1974 Nematosphaerops1s labyrinthea (Ostenfeld); Reid, p. 592-594, 

pl. 1, fig. 8, 9. 

Measurements: 

Reid (1974) This study (n=6) 

body length 31 - 42 25 - 49 

process length <23 9 - 16 

Remarks: The process shafts are similar to most Spiniferites spp., 

formed by the periphragm only distally bifurcating and forming trabe

culae that are the same width as the processes. It appears that each 

process is joined to two or three others. In Cannosphaeropsis the 

trabeculae are proximal to the distal trifurcations and conform to 

the outline of the parasutures (Stover and Evitt, 1978). In Trabeculidium 
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Duxbury 1980 the trabeculae are double. 

Occurrence: Most abundant in the offshore Oregon sample (74, 20%), 

N. labyrinthea is also found in four SCB samples (average, 51, 53, 

54, 70) from outside the inner channel islands. In the Gulf three 

central area samples (01, 15, 27) contain this form. Absent from 

other study areas. 

Geographic range: Quaternary - British Isles (Hughes II al., 1978), 

Norwegian Sea (Harland, 1984c), Grand Banks of Newfoundland (Harland, 

1973), Baffin Bay (Mudie and Aksu, 1984), Red Sea (Wall and Warren, 

1969), Caribbean Sea (Wall, 1967), West Africa (Rossignol-Strick and 

Duzer, 1979), Mediterranean Sea (Morzadec-Kerfourn, 1979, 1984), Bay 

of Biscay (Harland, 1979), Goban Spur (Harland, 1984a), Rockall Plateau 

(Harland, 1984b). 

Modern - British Isles (Reid, 1974), Newfoundland (Gaarder, 1954), 

Baffin Bay (Mudie and Aksu, 1984), Norway (Dale, 1976), Norwegian 

Sea (Harland, 1983), east coast U.S.A., Peru, Argentina, South Africa 

(Wall, 1965; Wall and Dale, 1967; Wall et li., 1977), Caribbean Sea 

(Wall, 1967), Mediterranean Sea (Wall et li., 1977; Morzadec-Kerfourn, 

1979), central and north Atlantic (Ostenfeld, 1903; Williams, 1971; 

Harland, 1983), Philippine Sea (Matsuoka, 1981a), Japan (Matsuoka, 

1976a) • 

The ecological range of this species is well known; it is found 

in outer neritic to oceanic sediments in all climatic zones (Harland, 

1983; Wall ~li., 1977). 
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Genus Opercu1odinium Wall 1967

Operculodinium centrocarpum (Deflandre and Cookson 1955) Wall 1967

(= Gonyaulax grindleyi Reinecke 1967 pars) 

Pl. 19 ,fig. 5,6. 

1945 cyst of Protoceratium reticulatum (Claparede and Lachmann) 

Butschli; Braarud, p. 15, pl. 4, fig. d, e, fig. 6. 

1953 Hystrichosphaeridium sp. a Cookson, pl. 115, pl. 2, fig. 26

-27. 

1953 Hystrichosphaeridium sp. b Cookson, p. 115, pl. 2, fig. 28. 

1955 Hystrichosphaeridium centrocarpum Deflandre and Cookson, 

p. 272, pl. 8, fig. 3, 4. 

1959 cyst, cf. Protoceratium; McKee et Al., pl. 1, fig. 10. 

1961 Bal tisphaeridium centrocarpum Deflandre and Cookson (sic); 

Gerlach, p. 192, pl. 28, fig. 9. 

1963 Baltisphaeridium centrocarpum (Deflandre and Cookson); Brosius, 

p. 44, pl. 6, fig. 6, text-fig. 8a, b. 

1966 Cordosphaeridium tiara subsp. centrocarpum (Deflandre and 

Cookson); Morgenroth, p. 26, pl. 5, fig. 12, pl. 6, fig. 1. 

1967 Operculodinium centrocarpum (Deflandre and Cookson); Wall, 

p. 111, pl. 16, fig. 1, 2, 5. 

1967 cyst of Gonyaulax grindleyi Reinecke, p. 158-160, pl. 1, 

fig. A, B, C. 

1969 Cordosphaeridium microtriaina subsp. centrocarpum (Deflandre 

and Cookson); De Coninck, p. 32, pl. 8, fig. 25, pl. 9, 
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fig. 5. 

1969 Hemicystodinium zoharyi (Rossignol) Wall; Harland and Downie 

[sic], pl. 7, fig. 10. 

1969 Hemicystod;i:nium zoharyi (Rossignol) Wall; Downie and Singh 

[sic], fig. 1,2. 

1973 Ooerculod;i:n;i:um centrocaroon [sic];Shalke, p. 16, Tab. 1, 

pl. 5, fig. 3, 4. 

Measurements: 

Deflandre and Cookson This study (n=19) 

diameter 54 - 80 25 - 49 

process length 13 - 18 6.5 

Remarks: The dis tinctive features of this common species are the 

length of the processes (one-fifth to one-fourth of the cyst diameter 

[Wall, 1967]), their slender, flexible nature, and a large 1P archeo

pyle. In many of the present specimens the phragma is thin and the 

shell tends to collapse. Miocene specimens are much larger than these 

fom the Quaternary (Wall, 1967). 

Several Operculodinium speci~s of Matsuoka (1983) closely resemble 

this form. Q. long;i:spinigerum has sparser processes, which also show 

variation from acuminate to bifid tips; Q. echigoense and Q. wallii 

have reticulate to granular ornamentation, but both overlap in size 

and process morphology (capitate or bifid and bifid, respectively). 

A consistent factor separating Q. centrocarpum from Q. israelianum 

(Rossignol, 1962) is the latter's shorter (one-tenth the cyst dia
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meter), stouter, conical processes, with acuminate to capitate tips. 

Q. crassum Harland (1979) has a thicker, spongy wall. 

Occurrence: Ubiquitous; present in all but the San Juan samples. 

More abundant in the Washington shelf (2 samples 20.7% average, but 

mainly 74 off Oregon) than the central California (3, 13%), SCB (13, 

7.6%), Baja (2, 2.4%) and Gulf (18, 4%). In the SCB it is found more 

predominantly in the southeastern nearshore area, and in the Gulf, 

mainly in the south (Text-figs. 32, 33). An indicator on the South 

Shore Region (IIIB1). 

Geogr aphi c range: Quaternary - British Isles (Harland and Downie, 

1969; Wall and Dale, 1968c; Downie and Singh, 1969; Harland, 1968, 

Hughes et al., 1978), Black Sea (Wall et al., 1973), Baffin Bay (Mudie 

and Aksu, 1984), Grand Banks of Newfoundland (Harland, 1973), Norwegian 

Sea ( Harland, 1984c) , Mediterranean Sea (Rossignol, 1962; Horzadec

-Kerfourn, 1979), Bay of Biscay (Harland, 1979), Goban Spur (Harland 

1984a), Rockall Plateau (Harland, 1984b), Red Sea (Wall and Warren, 

1969), South Africa (Schalke, 1973), West Africa (Rossignol-Strick 

and Duzer, 1979), Caribbean Sea (Wall, 1967), Japan (Matsuoka, 1976b, 

1983), Nova Scotia (Miller ~ Al., 1982). 

Modern - British Isles (Reid, 1974; Harland, 1977, 1978a, 1978b, 

1983), Norway (Braarud, 1945; Dale, 1976), Norwegian Sea (Harland, 

1983), France (Morzadec-Kerfourn, 1977), Bay of Biscay (Harland, 1979), 

North Atlantic Drift (Williams, 1971; Turon, 1980; Wall ~ Al., 1977), 

east coast U.S.A., Argentina (Wall ~ Al., 1977), Caribbean Sea (Wall, 
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1967), Medi terranean Sea (Rossignol, 1961, 1962; Morzadec-Kerfourn, 

1979), Black Sea (Wall ~ ~., 1973), South Africa (Davey and Rogers, 

1975; Wall ~ al., 1977). West Africa (Rossignol-Strick and Duzer, 

1979), Barents Sea (Harland, 1982a), Beaufort Sea (Harland II li., 

1980), Baffin Bay (Mudie and Aksu, 1984), Japan (Matsuoka, 1976a, 

1981b, 1983, 1985; Kobayashi ~ ~., 1981), Philippine Sea (Matsuoka, 

1981 a), Persian Gulf and northwestern Arabian Sea (Bradford and Wall, 

1984), Southern California (Ballog and Malloy, 1981), British Columbia 

(Dobell, 1978 ms), Nova Scotia (Miller ~~., 1982). 

In the Atlantic, this species is found in assemblages from all 

of the environmental categories of Harland (1983) but it is more abundant 

in northern latitudes (Wall~ sl.., 1977). In the eastern Pacific, 

.Q.. centrocarpum follows the, same pattern, being the dominant cyst 

in B.C. waters but not off California. 

Theca: Temperate waters (Dodge, 1982). Present in all areas studied 

but San Juan Islands. 

Operculodinium israelianum (Rossignol 1962) Wall 1967

(= Gonyaulax grindleyi pars)

Pl. 3, fig. 2,3.

1962 Hystrichosphaeridium israeliapum Rossignol, p. 132. pl. 2,

fig. 3. 

1964 Baltisohaeridium israelianum (Rossignol); Rossignol, p. 91, 

pl. 2, fig. 12, pl. 3, fig. 3, 14. 

1967 Operculodinium israelianum (Rossignol); Wall, p. 111, pl. 16, 

fig. 3, 4. 

1969 "Hystrichosphaeridium" sp. Downie and Singh, fig. 12. 
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Measurements: 

Rossignol (1962) This study (n=5) 

diameter 45 - 65 35 - 40 

process length 6 - 10 5.5 

Remarks: Rossignol set up this species for specimens with short, 

conical acuminate process tips. Wall (1967), when transferring these 

cysts to his new genus Operculodinium, stated that the processes were 

"very short spines with weakly capitate tips", which he realized differed 

from the original description. Bradford (1978, ms) found examples 

with both process types in the Persian Gulf area and stated that their 

conical shape and breVity were constant throughout that population, 

as in the case in the California Current community. The process tips 

in these spec.imp.ns vary from acuminate to bifid. In addition, the 

wall of Q. israelianum is more robust than o. centrQCarpum. 

Occurrence: Except for one sample (28), this cyst is found only' south 

of 34° north lat. Within the SCB (6 samples, 3.9% avg.) it is only found 

in the SBB and to the south of Oceanside, but not between those locations 

(Text-fig. 32). This cyst has a scattered distribution in all areas of 

the Gulf (11, 2.2%) but the southeast corner (Text-fig. 33). Also pre

sent in Baja samples. 

Geographic range: Quaternarx - British Isles (Wall and Dale, 1968c, 

Downie and Singh, 1969), Goban Spur (Harland, 1984a), Rockall Plateau 

(Harland, 1984b), Mediterranean Sea (Rossignol, 1962, 1964, Morzadec

-Kerfourn, 1979, 1985), Caribbean Sea (Wall, 1967), Japan (Matsuoka, 
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1976b), West Africa (Rossignol-Strick and Duzer, 1979). 

Modern - Southeastern U.S.A. (Wall II li., 1977), Red Sea (Wall 

and Warren, 1969), Caribbean Sea (Wall, 1967), Mediterranean Sea (Morzadec

-Kerfourn, 1979), West Africa north to Southwestern Approaches, North 

Atlantic (Williams, 1971; Rossignol-Strick and Duzer, 1979, Harland, 

1983), Philippine Sea (Matsuoka, 1981 a), Persian Gulf (Bradford and 

Wall, 1984), Japan (Matsuoka, 1981b, 1985). 

Compared to Q. centrocarpum, this species is more common in low 

lati tude assemblages and is limited to the inner and outer neritic 

zones (Harland, 1983). 

Operculodinium cf. echigoense Matsuoka 1983

Pl. 3, fig. 6,7.

11983 Operculodinium echigoense Matsuoka, p. 126, pl. 7, fig. 1-5,

8. 

Description: Moderately-sized, spheroidal, cyst with thick wall and 

P archeopyle; operculum free. Processes long, numbering approximately3 

twenty, slender and filiform or capitate, expanded slightly proximally 

and one-eighth to one-fourth of the cyst diameter. Wall texture granular. 

Measurements: 

Matsuoka (1983) This study (n=7) 

diameter 67 - 86 33 - 48 

process length 12 - 21 4 - 10 
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Remarks: These specimens are smaller than the Japanese species and 

appear to have fewer processes (20 vs. >40), but are similar in surface 

texture and spine morphology. 

Occurrence: Present (1.9% ) in the Gulf only, in four locations in 

the central and southern regions (76, 89, 99, 06). 

Operculodinium cf. longispinigerum Matusoka 1983

Pl. 16 , fig. 7.

?1983 Operculodinium longispinigerum, Matsuoka, p. 125, pl. 9,

fig. 5-9. 

Description: Thin-walled ovoidal chorate cysts with approximately 

30 sparsely distributed processes of length near to one-sixth of the 

cyst diameter. Autophragm smooth. Archeopyle appears precingular 

(?P ) but its margin is somewhat irregular; operculum free.
3 

Processes thin, flexuous, solid, and acicular to capitate, some 

expanded proximally. 

Measurements: 

Matusoka (1983) This study (n=1) 

diameter 29 - 40 51 X 45 

process length 7 - 14 11 

Remarks: In these specimens, two layers cannot be distinguished in 

the wall, which appear thinner than in the Japanese fossils. 
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Occurrence: While present in at leas t one sample from all regions 

bu t central California and the San Juan Island, this form is more 

prevalent in the Gulf (7 samples, 1.7%), where it is irregularly distri

buted. 

?Operculodinium sp. a

Pl. 1, fig. 10; Pl. 8, fig. 1-3.

Description: Small to medium-sized spherical cyst with numerous ()50)

small hemispherical, wart-like projections. These tubercles are closed

to the exterior and to the interior and, while aligned in some loca

tions, do not deline~te any apparent paratabulation. Avariable archeopyle 

is developed, either single plate precingular (Pl. 8, fig. 1-3) or 

apical (Pl. 1, fig. 10). 

Measurements: (n=3) diameter: 37 - 53. 

Occurrence: This form was not consistently distinguished from ?Operculo

dinium sp. b in counts. Combined these cysts were found in at least 

one sample in all but the Central California region. 

?Operculodinium sp. b 

Pl. 1 fig. 1, 2 • 

Description: Small elongate cyst with numerous ()20) low, gonal, 

wart-like swellings on an otherwise smooth to micropunctate wall. 
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A large polygonal (combination apical/precingular) archeopyle is deve

loped, with the operculum free. 

Measurements: (n=3) diameter: 35 - 50. 

Remarks: Because of the distally open non-tabular processes and apparently 

combination archeopyle, this cyst is placed only tentatively into 

Ooerculodinium, until the archeopyle type can be discerned with confidence. 

This cyst differs from ?Operculodinium sp. a by the archeopyle 

type, the higher density of processes in the latter and their distribu

tion. Superficially similar cysts include the larger ?Q. punctulatum 

Cookson and Eisenack 1971, for which no archeopyle was seen, and Lingu

lodinium machaerophorum, . as figured by Schalke (1973, pl. 5, fig. 2) 

for which the archeopyle type and exact pattern of processes were 

not apparent. 

Occurrence: See ?Operculodinium sp. a. 

Genus Spiniferites Mantell 1850 emend. Sarjeant 1970 

Remarks: Many specimens of Spiniferites and Achomosohaera were unidenti

fiable in strew mounts, because poor orientation and adherent debris 

obscured diagnostic features. In those cases, size and shape could 

be used to narrow down the identity of specimens. When viewed laterally, 

~. bulloideus (Deflandre and Cookson) and ~. ramosus (Ehrenberg) can 

be distinguished from one another on shape (see Wall, 1967). ~. belerius 

Reid 1974 is similar to both these cysts and cannot be distinguished 
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from them unless the orientation is favorable for viewing the postcingular 

ventral process complex. In numerical counts, it has proven more 

realistic to consider these three cysts as a single category <~. ramosus 

s. 1. [see discussion under ~. bulloideus]) rather than as distinct 

species. The thecate forms of~. ramosus <y. spinifera) and~. bulloideus 

([and possibly ~. belerius], y. scrippsae) are from the y. spinifera 

species group (Wall and Dale, 1968a, 1970; the group which also comprises 

y. digitalis, G. diegensis, y. tricantha and y. apiculata) with a 

tabulation formula of 3 (or 4)', 0 or 2a, 6", 6c, 5s, 6"', 1p, 1"". 

If obscured or broken, these cysts are enumerated as Spiniferites 

sp. indet. In the TWINSPAN analysis, the species in the genera Achomo

sphaera and Spiniferites have been lumped together (excluding ?A. sp. a 

and ?A. s p . b). 

Members of these genera are extremely abundant in all regions 

other than the Washington shelf and San Juan Islands, ranging from 

the highest abundance (29%, 21 occurrences) in the SCB, through 25.2% 

(4 samples) in Central California, 21.3% (28 samples) in the Gulf, 

to a low of 14.8% of the Baja assemblages. Within the SCB, two areas 

can be delineated according to their Spiniferites content (Text-fig. 32) : 

<20% near the coast from the Santa Monica Bay southeast, and )20% 

in the northwest and offshore area. In the Gulf, cysts of this genus 

are most abundant in the southern area ()20%) and in some Baja coastal 

locali ties (Text-fig. 32). Soiniferites species are indicators of 

the Santa Barbara Channel (IIIB2) and the Southern Current (IVA). 

Spiniferites bentori (Rossignol 1964) Wall and Dale 1970 
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(= Gonyaulax digitalis [Pouchet] Kofoid)

Pl. 2, fig. 1-3 •

1964 Hystrichosphaera bentori Rossignol, p. 84-85, pl. 1, fig. 3,

7, 8, pl. 3, fig. 2, 3, text-fig. A-F. 

1970 Spini fer i t e s bentor i ( R0 s sign01) ; Wall and Dale , p • 52, 

pl. 1, fig. 26,28. 

Measurements: 

Rossignol (1964) Bradford (1978 ms) California( n=6) 

length 60 - 73 34 - 47 43 - 74 

width 45 - 63 27 - 42 36 - 58 

Remarks: This cyst has a· microgranular periphragm and is distinguished 

by the presence of an apical boss, conical epitract, short stout processes 

(mostly gonal) and low crests. Commonly the apical process is less 

distinctly branched than the others, as was noted by Rossignol (1964). 

Bradford (1978, ms) encountered specimens lacking an apical boss. 

~. bentori differs from~. nodosus (Wall) in possessing an apical 

boss, and in lacking the gonal pads bearing the recurved or reduced 

processes. Both are produced by motile stages attributable to~. digi

talis (e.g. Harland, 1977). 

Occurrence: A fairly widespread cyst type, this species is found 

sporadically in low numbers in samples from the San Juan Islands (20), 

central California (16), seB (53, 61, 68), Baja (25) and all areas 

of the Gulf (87, 96, 01, 06, 07, 11, 15). 
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Geographic range: Quaternary - Mediterranean (Rossignol, 1962, 1964, 

1969; Rossignol and Pastouret, 1971, Morzadec-Kerfourn, 1984), Britain 

( Har land and Downie, 1969; Downie and Singh, 1969; Harland, 1968, 

1978a), Caribbean (Wall, 1967), France (Morzadec-Kerfourn, 1966, 1976, 

1977), Nova Scotia (Miller ll. .al., 1982). 

Modern - Mediterranean (Morzadec-Kerfourn, 1979), Britain (Reid, 

1974; Harland, 1977), Caribbean (Wall, 1967; Wallll.li., 1977), Atlantic 

(Wall, 1965; Wall II ll., 1977), France (Morzadec-Kerfourn, 1976, 

1977), Norway (Evit t and Davidson, 1964), Black Sea (Wall n. ~.,
1973), Red Sea (Wall and Warren, 1969), West Africa (Rossignol-Strick 

and Duzer, 1979), South Africa (Davey and Rogers, 1975), central Pacific 

(McKee II .al., 1959), ,Japan (Matsuoka, 1976a, 1985), Persian Gulf 

and northwestern Arabian Sea (Bradford and Wall, 1984), B.C .. (Dobell, 

1978 ms). 

Theca: A widespread oceanic form (Dodge, 1982), found in SCB, and San 

Juan Islands areas. 

Spiniferites bulloideus (Deflandre and Cookson 1955) 

Sarjeant 1970 (= Gonyaulax scrippsae Kofoid) 

Pl. 7, fig. 8,9. 

1955 Hystrichosphaera bulloidea Deflandre and Cookson, p. 265, 

pl. 5 fig. 3, 4. 

1970 Spiniferites bul19ideus (Deflandre and Cookson); Sarjeant, 

p. 75. 

Description: Small spheroidal species of Spiniferites with slender, 

long (one-third to one-half cyst diameter) bifurcate processes in 
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gonal positions only and paraplates delineated by low ridges or thicken

ings. Periphragm and endophragm smooth, adpressed between processes. 

Measurements: 

Deflandre and Cookson (1955) This study (n=3) 

diameter 30 - 37 36 - 45 x 30 -35 

process length 10 - 15 10 - 19 

Remarks: Harland (1977) contends that ~. bulloideus is a subjective 

synonYm of ~. ramOSUS (Ehrenberg), despite the fact that ~. bulloideus 

is smaller, more spherical and is produced by a different thecate 

species. He also distinguishes a separate ~. bulloideus sensu \iall 

1965, which is egg-shaped, like ~. ramOSUS, and where the only factor 

separating the two species is size (~. bulloideus is smaller) and 

robustness of the processes. Wall's specimens are probably conspecific 

wi th ~. ramosus or at least not consistently distinguishable from 

it. Even~. bulloideus ~.~. is difficult to recognize unless the 

orientation is lateral, and herein has been included in ~. ramosus 

counts. 

Geograohical range: Quaternary - British Isles (Wall and Dale, 1968c, 

Downie and Singh, 1969; Harland, 1968), France (Morzadec-Kerfourn, 

1966, 1976) , Mediterranean Sea (Morzadec-Kerfourn, 1979), Caribbean 

Sea (Wall, 1967), Red Sea (Wall and Warren, 1969), Black Sea (Wall 

.llll., 1973), Nova Scotia (Miller .ll ll., 1982), Baffin Bay (Mudie 

and Aksu, 1984). 
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Modern - British Isles (Reid, 1974; Harland, 1979b), France (Mor

zadec-Kerfourn, 1976, 1977), east coast U.S.A. (Wall, 1965; Wall and 

Dale, 1967; Wall II li., 1977), Baffin Bay (Mudie and Aksu, 1984), 

Norway (Dale, 1976), Black Sea (Wall II li., 1973), Red Sea (Wall 

and Warren, 1969), Mediterranean Sea (Morzadec-Kerfourn, 1979, 1984), 

Caribbean Sea, Bermuda, Argentina, South Africa, Peru (Wall, 1967;ms). 

This is a widespread subdominant species in the Atlantic region, 

becoming more abundant in estuarine and continental sea systems (e. g. the 

Mediterranean, Wall ll~., 1977). 

Theca: British Isles (Dodge, 1982) and Southern California Bight. 

Spiniferites hyperacanthus (Deflandre and Cookson 1955) 

Cookson and Eisenack 1974 

Pl. 10 , fig. 4. 

1955 Hystrichosphaera hyperacantha Deflandre and Cookson, p. 264

265, pl. 6, fig. 7. 

1974 Spiniferites hyperacanthus (Deflandre and Cookson); Cookson 

and Eisenack, p. 59. 

Remarks: This cyst is ovoidal, with a relatively thick wall and 

a large number of robust, faintly striate processes, some of which 

are joined by geminal complexes. Otherwise, this cys t resembles,S,. ramosus 

in size and shape, but with more numerous processes. 
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Measurements: 

Deflandre and Cookson (1955) This study (n=12) 

length 50 - 59 (diameter) 37 - 50 (70) 

breadth 25 - 43 

processes 13 - 20 8 - 17 

Occurrence: Found in isolated areas of the three southern regions: 

near Santa Monica Bay (60, 61, 62), east of San Clemente Island (57, 

58, 70), Baja (09), and all areas of the Gulf (central 76, 78, 03, 

05, northern 75, 77, southern 00). 

Geographic range: Quaternary - Caribbean Sea (Wall, 1967), Britain 

(Harland and Downie, 1969), Medi terranean Sea (Morzadec-Kerfourn, 

1979). 

Modern - Caribbean Sea (Wall, 1967), Britain (Reid, 1974), Persian 

Gulf and northwestern Arabian Sea (Bradford and Wall, 1984, as~. ramosus 

multiplicatus), Mediterranean Sea (Morzadec-Kerfourn, 1979, 1984), 

Japan ( Matsuoka, 1985). This cyst appears in assemblages from warm 

temperate to tropical latitudes. 

Spiniferites mirabilis (Rossignol 1964) Sarjeant 1970

(= Gonyaulax spinifera pars)

Pl. 1, fig. 9.
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1964 Hystrichosphaera mirabilis Rossignol, p. 86, pl. 2, fig. 4, 

5. 

1970 Spiniferites mirabilis (Rossignol), Sarjeant, p. 76. 

Measurements: 

Rossignol (1964) This study (n=5) 

length x breadth 40 - 70 x 35 - 60 64 - 70 x 43 - 73 

antapical flange 15 - 22 12 - 18 

Remarks: This is a very distinctive cyst, especially because of its 

antapical flange, set densely with intergonal spines, which is wider 

than that of ~. membranaceus. Most gonal process tips in the California 

populations of ~. mirabilis bifurcate twice. Its larger size and 

robustness also distinguish this species from~. membranaceus. 

Occurrence Found in two widely separated SeB assemblages (56, 57), 

Baja (09), and along the length of the Gulf (75, 77, 89, 13, 15, 87, 

91,00). 

Geographic range: Quaternary - British Isles (Wall and Dale, 1968a; 

Harland and Downie, 1969; Downie and Singh, 1969; Harland 1978a; Hughes 

et al., 1978), France (Morzadec-Kerfourn, 1979, 1984), Bay of Biscay 

(Harland, 1979), Goban Spur (Harland 1984a), Rockall Plateau (Harland 

1984b), Black Sea (Wall ~ al., 1973), West Africa (Rossignol-Strick 

and Duzer, 1979), Japan (Matsuoka, 1976b), Nova Scotia (Allen ~ ~.,

1982) . 
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Modern - British Isles (Reid, 1974; Harland 1977, 1978a), France 

(Morzadec-Kerfourn, 1976), Norway (Dale, 1976), Black Sea (Wall et 

al., 1973), West Africa (Rossignol-Strick and Duzer, 1979), South 

Africa (Davey and Rogers, 1975), Southwestern approaches, North Atlantic 

(Williams, 1971; Harland 1983), Bay of Biscay (Harland, 1979), Mediter

ranean Sea (Morzadec-Kerfourn, 1979), east coast U.S.A. (Wall and 

Dale, 1967; Wall et al., 1977) Caribbean Sea (Wall, 1967), Persian 

Gulf (Bradford and Wall, 1984), Philippine Sea (Matsuoka, 1981 a) , 

Japan (Matsuoka, 1981b, 1985). 

This cyst occupies a niche similar to Q. centrocarpum, being 

an oceanic to neritic, mainly temperate species (Wall II li., 1977; 

Harland, 1983) but never forming a dominant part of the cyst community. 

Spiniferites nodosus (Wall 1967) Sarjeant 1970 

(= Gonyaulax digitalis pars) 

Pl. 10, fig. 5-7. 

1967 Hystrichosphaera nodosa Wall, p. 101, pl. 14, fig. 7-9. 

1968 Leptodinium churchilli Harland, p. 548-550, fig. 12-13, 

22-24. 

1970 Spiniferites nodosus (Wall); Sarjeant, p. 76. 

1974 Spiniferites bentori (Rossignol) pars; Reid, p. 598-599. 

Description: Ovoid cyst with gonyaulacoid paratabulation (2 1 -' 6 H, 

?4c, ?s, 6"', pv, 1"") delineated by very low parasutural flanges. 

Flexible, strongly recurved to reduced processes are present in gonal 

posi~ions only; distally they are trifurcate, then bifid, and proximally 
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arise from small pads. Cingulum strongly laevorotatory, displaced 

by two breadths. Surface of periphragm reticualte to granulate; phragma 

thick. 

Measurements: 

Wall (1967) This study (n=10) 

length 31 - 62 43 - 58 

width 28 - 52 (26) 33 - 50 

Remarks: Both Reid (1974) and Harland (1977) consider this species 

to be included within the range of variation of ~. bentori, since 

both cyst types are produced by the motile species ~. digitalis (Wall 

and Dale, 1968a). However, the morphology of the n,odosus cyst is 

distinctive, including an absence of the apical boss seen in both 

~. bentori truncata (Rossignol) and the presence of small gonal pads. 

Since polyspory is known for other thecate species, there is no .a 

priori reason for synonymizing~. nodosus with~. bentori. 

Occurrence: Found only in one SCB sample, but in all areas of the 

Gulf (75, 77, 89, 13, 15, 00, 14, 87). 

Geographic range: Quaternary - British Isles (Wall and Dale, 1968c; 

Harland, 1968, 1978a), Mediterranean Sea (Morzadec-Kerfourn, 1979), 

Red Sea (Wall and Warren, 1969), Caribbean Sea (Wall, 1967), Black 

Sea (Wall ~Al., 1973), Grand Banks of Newfoundland (Harland, 1973). 

Modern - British Isles (Reid, 1974; Harland, 1978b), Caribbean 
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Sea (Wall, 1967), Black Sea (Wall et al., 1973), Persian Gulf (Brad

ford, 1978, ms, p. 142, 143), Mediterranean Sea (Morzadec-Kerfourn, 

1979), B.C. (Dobell, 1978, ma). 

This cyst is found over a broad range of latitudes and in waters 

of varying salinities. 

Spiniferites pachydermus (Rossignol 1964) Reid 1974 

Pl. 7, fig.1-3. 

1964 Hystrichosphaera furcata var. pachyderma Rossignol, p. 86, 

pl. 1, fig. 1,2, pl. 3, fig. 6. 

1973 Spiniferites ramosus subsp. pachydermus (Rossignol); Lentin 

and Williams, p. 130. 

1974 Spiniferi tes pachydermus (Rossignol); Reid, p. 607-608, 

pl. 4, fig. 36, 37. 

Remarks: This ovoidal to spheroidal cyst has a distinctly granular 

endophragm and complex tubular processes which are open distally, 

formed of the smooth periphragm. Processes are exclusively gonal 

in most specimens, but some also possess intergonal processes, reminiscent 

of .§.. hyperacanthus. In both types processes are either robust or 

flexuous. and are joined proximally by membranous crests of varYin~

heights; distally they are trifurcate. 

Rossignol's specimens of .§.. pachydermus have a low apical boss, 

which is lacking in Reid's material and in the present specimens. 

These populations may include specimens of .§.. scabratus (Wall, 1967) 

but they were not distinguished. 
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Measurements: 

Reid (1974) Rossignol (1964) This study(n=6) 

length 37 - 44 50 - 52 45 - 49 

width 44 - 54 60 - 61 35 - 46 

Occurrence: While this cyst is encountered in the central California 

area (16) and in scattered SCB (52, 58, 68, 28) and Baja (98, 09, 

25) localities, it becomes the dominant species of this genus only 

in the Gulf, where it flourishes in all areas (Text-fig. 35). 

Geographic range: Quaternary - Mediterranean (Rossignol, 1964, 1969; 

Morzadec-Kerfourn, 1979)·, Britain (Harland and Downie, 1969), Grand 

Banks (Harland, 1973). 

Modern - Mediterranean (Rossignol, 1964, 1969; Morzadec-Kerfourn, 

1979), Britain (Reid, 1974), Grand Banks (Harland, 1973), Persian 

Gulf (Bradford and Wall, 1984), West Africa (Rossignol-Strick and 

Duzer, 1979), Bay of Biscay (Harland, 1979). 

This is a transitional oceanic to neritic species found in warm

-temperate to tropical latitudes (Harland, 1979). 

Spiniferites cf. ovatus Matsuoka 1983

Pl. 10, fig. 1-3.

Description: Ovoidal chorate cyst with sutural membranes of low to

medium height, and short gonal blade-like processes terminating with

a brief trifurcation. Archeopyle type P3. The thick wall is smooth.
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There is a large precingular process on the dorsal surface, a wide 

ventral apical process and very clear paratabulation. 

Measuremen ts: (n= 1) length X breadth: 49 X 41; process length: 

< 11; breadth: < 6. 

Remarks: Matsuoka's species appears to be thinner-walled than the 

presen t specimen, wi th a poorer development of sutural membranes. 

Occurrence: One specimen only, in sample 03, central Gulf. 

Spiniferites cf. pseudofurcatus (Klumpp 1953) 

Sarjeant 1970 emend. Sarjeant 1981 

Pl. 5, fig. 4; Pl. 9, fig. 4. 

Desccription: Small, spheroidal chorate cyst, spiniferate, with robust 

processes in gonal and intergonal positions. Parasutural crests variable 

in height from less than 1 micron to ca. 10 microns. The two antapical 

processes are in close proximity and connected by a high membrane. 

Distally all processes are capitate to briefly furcate; proximally 

they are expanded slightly. Both wall layers form the processes. 

Phragma smooth to microgranular and hyaline. 

Measurements: (n=2) dimensions: 36 - 40 X 33 - 34; processes length: 

15. 

Remarks: The present material coincides with the emended diagnosis 
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of Sarjeant (1981) except for the following: the holotype is larger 

(58 to 68 micrometers in polar diameter); its wall texture is minutely 

granular or punctate; and its processes are variable in width. ~. ~

tiaria is a subjective jr. syn. of ~. pseudofurcatus (Gocht, 1969). 

~. pseudofurcatus has been reported (as~. tertiaria) from Quaternary 

sediments in the western Mediterranean (Morzadec-Kerfourn, 1979) and, 

as ~. tertiaria var. obliquus by Wall (1967) from the Quaternary of 

the Caribbean Sea. 

Occurrence: A rare species, it is found in one SCB (61), Baja (09) 

and 7 gulf assemblages (75, 76, 77, 87, 89, 11, 13). 

Spiniferites ramOSUS (Ehrenberg 1838) Mantell 1854 

(= Gonyaulax spinifera pars) 

Pl. 6, fig. 5-7. 

1838 Xanthidium ramosum Ehrenberg, pl. 1, figg. 1,2,5. 

1838 Xanthidium furcatum Ehrenberg, pl. 1, fig. 12, 14. 

1854 Spiniferites ramosus (Ehrenberg); Mantell, p. 239, text

-fig. 77-79. 

1933 Hystricgosphaera ramosa (Ehrenberg); O. Wetzel, p. 77, _pl. 5, 

fig. 7, 8, 10-12, 18, 19. 

1959 cf. Hystrichospgaera furcata (Ehrenberg); McKee et Ai., 

p. 545, pl. 1, fig. 7. 

1963 Hystrichosphaera cf. furcata (Ehrenberg); Rossignol, pl. 1, 

fig. 11, 12. 

1966 Spiniferites ramosus (Ehrenberg); Loeblich and Loeblich, 
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p. 56, 57. 

1973 Spiniferites cf. ramosus (Ehrenberg); Harland, p. 231, pl. 1, 

fig. 9, 10 , pl. 4, fig. 4. 

Measurements: 

Ehrenberg (holotype) This study (n=6) 

length X width 48 X 42 35 - 45 X 28 - 43 

process length 13 - 25 12 - 18 

Remarks: This is a common and variable species in Early Cretaceous 

to Recent assemblages. It is ovoid in shape, with smooth low membranous 

parasutural crests, formed by the periphragm only, gonal and inter

gonal processes and a narrow cingulum. The processes are bifurcate (inter

gonal) or trifurgate (gonal) with bifid tips. Bradford (1977 ms) has 

drawn attention to the distinctive six-sided cingular paraplates. 

Two broad, hollow antapical processes are present in this species, 

similar to those of ~. pseudofurcatus obliguus (Wall). California 

specimens are similar to those called ~. bulloideus by Reid (1974) 

and~. ramosus by Harland (1977). 

Occurrence: Ubiquitous in the southern areas, dominant in all SCB 

samples containing Spinifer~tes specimens, present in the Baja samples 

and all of the areas of the Gulf (18 occurrences). Absent in assem

blages north of Point Concepcion. 

Geographic range: Quaternary - British Isles (Wall and Dale, 1968c; 
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Downie and Singh, 1969; Harland, 1968; Harland and Downie, 1969; Hughes 

et al., 1978), Baffin Bay (Mudie and Aksu, 1984), Grand Banks of Newfound

land (Harland, 1973), Mediterranean Sea (Rossignol, 1961, 1964; Rossignol 

and Pas toure t , 1971; Morzadec-Kerfourn, 1979, 1984) ,Caribbean Sea 

(Wall, 1967), West Africa (Rossignol-Strick and Duzer, 1979), Bay 

of Biscay (Harland, 1979), Red Sea (Wall and Warren, 1969), Japan 

(Matsuoka, 1976b), Nova Scotia (Allen et ~., 1982). 

Modern - British Isles (Reid, 1974; Harland, 1977), North Atlantic 

(Harland, 1983; Morzadec-Kerfourn, 1976, 1977), east coast U.S.A. (Wall 

et al., 1977), Bermuda (Wall and Dale, 1970), West Africa (Rossignol

-Strick and Duzer, 1979); South Africa (Davey and Rogers, 1975), Caribbean 

Sea (Wall, 1967), Red Sea (Wall and Warren, 1969), Mediterranean Sea 

(Rossignol, 1962; Morzadeo-Kerfourn, 1979), Persian Gulf and northwestern 

Arabian Sea (Bradford and Wall, 1984), Barents Sea (Harland, 1982), 

Norwegian Sea (Harland, 1983), Baffin Bay (Mudie and Aksu, 1984), 

Japan (Matsuoka, 1976a), Philippine Sea (Matsuoka, 1981a), B.C. (Dobell, 

1978, ms). 

Found in tropical to arctic waters of' the Atlantic, ~. ramosus 

is limited to the inner and outer neritic realms (Harland, 1983). 

Spiniferites sp. a

Pl. 18, fig. 9.

Description: Ovoidal to lozenge-shaped cyst possessing a smooth hyaline

wall with numerous gonal and intergonal processes of variable length

(one-tenth to one third cyst diameter) and termination style (bifurcate,

blunt, or truncated). Distinctive large ventral antapical process



202

complex involves at least two processes. This cyst has reduced lateral 

and ventral spines and a simple lateral acicular spine. Other that 

the antapical crests sutural membranes are uniformly low. 

Remarks: The heterogeneity of the processes is distinctive in this 

species. 

Measurements: (n=10) length X breadth: 40 - 52 X 28 - 53. 

Occurrence: Sporadic in the SCB (6 occurrences), this form is more 

common in the Gulf (13 samples). Most abundant Spiniferites cyst 

in the inner gulf (75, 77, 11) and two central gulf assemblages (05, 

78). Absent from Baja and the northern study areas. 

Spiniferites sp. b 

Pl. 9, fig. 1-3. 

Description: Cyst with an ovoidal thick walled body made up of two 

granular layers; only the periphragm forms the processes. Processes 

are simple, gonal, blade-like and solid. Crests, though present mainly 

on the dorsal surface of the cyst, are low. Archeopyle P not re3 

duced. On the ventral surface only plate 1 t is well delineated by 

crests. Two stout bifid-tipped processes, of length averaging one

-sixth of the cyst diameter, delineate the apical end of the sulcus. 

The distal surfaces of the crests are smooth. 
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Measurements: (n=1) length X breadth: 45 X 37; processes: 4 - 7. 

Occurrence: One specimen only was encountered, in the central Gulf 

(sample 96). 

Spiniferites sp. c

Pl. 6, fig. 1; Pl. 8, fig. 5.

Description: A spheroidal cyst, with a smooth hyaline phragma and 

rigid gonal and intergonal processes (length up to one-fourth the 

cyst diameter), joined by low sutural crests. Processes and crests 

formed of the outer wall layer only. The processes are distally smooth, 

thin and trifurcate at about one-fourth of the distance from their 

distal ends; their branchlets are bifid. A subtriangular precingular 

archeopyle is formed, probably type P •
3

Measurements: (n=2) length X breadth: 43 - 53 X 33 - 43; processes: 

9 - 12. 

Remarks: While the nature of the cyst wall and processes is reminis

cent of ~. hexatypicus Matsuoka, the ovoid shape of the present form 

sets it apart. 
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(89, 96,03, 15) and southern (90,91,00,02,04,06, 14) Gulf. 

Genus Tectatodinium Wall 1967

Tectatodinium pellitum Wall 1967

(= Gonyaulax spinifera group)

Pl. 11, fig. 5,6.

11964 Leiosphaeridia scrobiculata Deflandre and Cookson; Rossignol,

p. 92, pl. 1, fig. 19. 

1967 Tectatodinium pellitum Wall, p. 113, pl. 16, fig. 11, 12. 

Measurements: 

Wall (1967) This study (n=5) 

diameter 40 - 55 32 - 60 

wall thickness 3 - 7 1.5 - 6 

Remarks: One specimen (1963/4 124.7/13.9) had an enlarged archeopyle, 

involving part of the apical series. This may illustrate mechanical 

damage or intraspecific variability in archeopyle type. 

The smallest specimen (32.2 um, wall 1.5 um thick) may be conspecific 

with Z. minutum Matsuoka 1983. If a continuum between the two sizes 

were found, Z. minimum should be treated as a subjective junior synonym 

of Z. pellitum. 

Occurrence: Rare, Tanner Basin (SCB, 65) SBB core 262, Baja, and 

the central Gulf (91, 04, 10, 13). 
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Geographic range : Quaternary - British Isles (Wall and Dale, 1968c; 

Harland and Downie, 1969), Mediterranean Sea (Rossignol, 1964; Mor

zadec-Kerfourn, 1979, 1984), Caribbean Sea (Wall, 1967), Red Sea (Wall 

and Warren, 1969), Bay of Biscay (Harland, 1979), Goban Spur (Harland, 

1984a), Rockall Plateau (Harland, 1984b), Black Sea (Wall II ~.,

1973), Japan (Matsuoka, 1983), Nova Scotia (Miller II ~., 1982). 

Modern - East coast U.S.A., Peru, Bermuda, South Africa (Wall 

et al., 1977), Caribbean Sea (Wall, 1967), Black Sea (Wall .ll al., 

1973), Mediterranean Sea (Wall et si., 1977; Morzadec-Kerfourn, 1979). 

Found in warm temperate to sUbtropical latitudes (Harland, 1983), 

this cyst is not usually very numerous in assemblages; it is often 

found with £. labyrinthea (Wall et al., 1977) as a deep water oceanic 

indicator. 

Genus Polysphaeridium Davey and Williams 1966 emend. Bujak .ll ale 1980

Polysphaeridium zoharyi (Rossignol 1962) Bujak et sl. 1980

(= Pyrodinium bahamense Plate)

Pl. 5, fig. 5,6.

1962 Hystrichosohaeridium zoharyi Rossignol, p. 132, pl. 2, fig. 10.

1964 Hystrichosphaeridium zoharyi var. ktana Rossignol, p.88,

pl. 2, fig. 6,7, 10, pl. 3, fig. 11. 

1967 Hemicystodinium zoharyi (Rossignol); Wall, p. 110, pl. 15, 

fig. 18-20. 

1973 Hemicystodinium zoharyi subsp. ktana (Rossignol); Lentin 

and Williams, p. 67. 

1980 Folysphseridiym zoharyi (Rossignol); Bujak.ll ~., p. 34. 
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1981 Polysohaeridium zoharyi subsp. ktana (Rossignol); Lentin 

and Williams, p. 232. 

Measurements: 

Rossignol (1962) This study (n=4) 

diameter 40 - 60 42 - 55 

processes 10 - 15 4 - 10 

Remarks: The specimens studied are granular in texture and stain 

darkly with safranin O. The processes vary in length and morphology, 

from capitate to acicular; they are usually fibrous and are open distally. 

The subspecies ktana of this cyst has short processes (0-'1 micro

meters) but has not been differentiated here. 

Occurrence: Present in low percentages in scattered samples from 

the northern areas (one each in Washington shelf, central California 

and Baja, 2 in SCB). Ubiquitous in the gulf (17 samples, 5.95~ average), 

it is most abundant in the central and southern mainland coast loca

tions. This is an indicator of the Gulf of California (IVA2) and 

the Mid-Gulf Islands (IVA2b). 

Geographic range: Quaternary - British Isles (Harland and Downie, 

1969, as O. centrocarpum.; Downie and Singh, 1969), France (Morzadec

-Kerfourn, 1966; Planchais ~~., 1977), Mediterranean Sea (Rossignol, 

1962, 1964; Rossignol and Pastouret, 1971; Morzadec-Kerfourn, 1979, 

1984), Caribbean Sea (Wall, 1967; Wall and Dale, 1969), Red Sea (Wall 
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and Warren, 1969), West Africa (Rossingol-Strick and Duzer, 1979), 

Japan (Matsuoka, 1976b). 

Modern - Caribbean Sea (Wall, 1967), southeast U.S.A., Bermuda 

(Wall ~ ~., 1977), West Africa (Rossignol-Strick and Duzer, 1979), 

Medi terranean Sea (Rossignol, 1962, 1964, Morzadec-ICerfourn, 1979), 

Red Sea (Wall and Warren, 1969), Persian Gulf (Bradford and Wall, 

1984) • 

This species is a reliable indicator of warm saline waters, where 

it can form nearly monospecific assemblages (Wall ~ Ai., 1977). 

Theca: A widespread tropical to subtropical species. Gulf of California. 

Genus Tubercylodinium Wall 1967 

Tyberculodiniym yancamPoae (Rossignol 1962) Wall 1967 

(= Pyrophacus yancampoae [Rossignol] Wall and Dale 1971) 

Pl. 11, fig. 2. 

1962 Pterospermopsis? yancampoae Rossignol, p. 134, pl. 2, -fig. 1. 

1967 Tubercylodinium yancamDoae (Rossignol); Wall, p. 114, pl. 16, 

fig. 16, 17. 

1970 Tuberculodinium ro§signolae Drugg, p. 116-118, fig. 3, 10, 

11 • 

Measurements: 

Rossignol (1962) This study (n=9) 

length 95 - 130 pericyst: 80 - 130 

endocyst: 61 - 89 
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Remarks: ~. walli Drugg 1970 differs from this species by the posses

sion of spherical processes on the periphragm. ~. rossignolae Drugg 

1970 has three opercular pieces but otherwise is identical; however, 

since in .I. yancamPoae the number of opercular paraplates is demon

strably variable (Wall and Dale, 1971), this may be a poor specific 

character (see also Bradford, 1978 ma). 

Occurrence: A warm water species that is found in 11 scatterEd Gulf 

locations, averaging 2.81 of the assemblage. 

Geographic range: Quaternary - British Isles (Wall and Dale, 1968c), 

Mediterrancean Sea (Rossignol, 1962, 1964; Morzadec-Kerfourn, 1979, 

1984), Caribbean Sea (Wall, 1967), Red Sea (Wall and Warren, 1969), 

West Africa (Rossignol-Strick and Duzer, 1979)" New Zealand (Wilson, 

1973), Japan (Matusoka, 1976b, 1983). 

Modern - Sou theas t U. S. A. (Wall .n ,&1., 1977), Mediterranean 

Sea (Rossignol, 1964; Wall .n .&1.., 1977), West Africa (Rossignol-Strick 

and Duzer, 1979; Wall and Dale, 1971), Bermuda (Wall and Dale, 1969), 

Caribbean Sea (Wall 1967), Peru (Wall and Dale, 1971), Persian Gulf 

(Bradford and Wall, 1984), Japan (Matsuoka, 1976a, 1981b, 1985), Philippine 

Sea (Matsuoka, 1981a). 

Like .f,. zoharyi this cyst is a fully tropical species, but is 

more restricted in its distribution than that cyst, perhaps due to 

lower tolerance for very high salinities (Bradford and Wall, 1984). 

Theca: Tropical to subtropical waters. Not reported from the study 

regions. 
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Order Peridiniales Haeckel 1894 sensu Taylor 1980 

Remarks: Since Taylor (1980) removed gonyaulacoid dinoflagellates 

into the Order Gonyaulacales, a corresponding restriction of this 

order is required. 

Genus Leipokatium Bradford 1975

ex Harland and Reid in Harland ~Ai.,1980

Leipokatium inyisitatum Bradford 1975 ex Harland and Reid 1980

Pl. 19 , fig. 3, 4 • 

1975 LeiDokatium inyisitatum Bradford, p. 3067, fig. 8-16. 

?1979 Leipokatium 
fig. 15. 

cf. inyisitatum Bradford; Harland, p. 537, pl. 1, 

1980 Leipokatium inyisitatum Bradford 
n. .al., p. 222. 

ex Harland and Reid; Harland 

Measurements: 

Bradford (1975) This study (n=3) 

length X breadth 31 - 56 X 37 - 80 50 X 67 - 107 

Occurrence: Rare; one sPecimen each in SBB (28 and subsurface) and 

the northern Gulf (11). 

Geographic range: Quaternary - ?Bay of Biscay (Harland, 1979). 

Modern - Persian Gulf and northwestern Arabian Sea (Bradford, 

1975) • 
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Genus Le;eunecysta Artzner and Dorhofer 1978

Lejeuncecysta diyersiforma (Bradford 1977) Artzner and Dorhofer 1978

Pl. 14 , fig. 1. 

1977 Le1eunia diyers1forma Bradford, p. 29-52, fig. 4: 1-4, 
6, 7. 

1978 Le 1eunecysta diyersiforma (Bradford); Artzner and Dorhofer, 
p. 1381. 

11981 Le1eunia sp. Ballog and Malloy, pl. 2, fig. 12. 

Measurements: 

Bradford (1977) This study (n=6) 

length 59 - 91 51 - 89 

breadth 61 - 87 67 - 84 

Remarks: This species has a wide range of variation, which accommo

dates the form here recorded. The archeopyle in some specimens appears 

to be offset, as in the genus Selenopemphix. Two species of similar 

size, shape horn development, and surface texture, J.... paratenella 

(Benedek) and ~. Cinctoria (Bujak), have denticulate cingular crests. 

L. aa Biffi and Grignani (1983) is larger than l... diyersiforma, 

whi-le L. hyalina (Gerlach) has a more deeply excavated cingulum, a 

consistently prominent apical horn and a more granular phragma. This 

specimen has a wider cingulum and thinner phragma than the type material. 

Contrary to what was stated in Bradford (1977), apparently this 

is not a cyst of Protoperidinium leonis (see Harland, 1982b). 

Occurrence: Found in low numbers in two nearshore SCB locations (average 
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4.6S) and in the central and northern Gulf (5 locations, 1.6S). 

Geographic distribution: Modern - Persian Gulf and northwestern Arabian 

Sea (Bradford, 1977). This is probably a warm temperate to tropical 

cyst morphotype. 

Le1eunecysta cf. pulchra Biffi and Grignani (1983) 

Pl. 6, fig. 2. 

Description: Large, rounded pentagonal peridinioid cyst with hypo

and epi tract of equal length and two short blunt antapical horns of 

slightly different length bearing one to three tubercles each, placed 

terminally and laterally. Depression between antapical horns shallow. 

Flanks of cyst convex. ,Cingulum indicated by two transverse ridges 

on ventral surface, separated by a flat area in the posi tion of the 

sulcus. The archeopyle incorporates portions of the apical and intercalary 

series. The cyst wall is smooth and rigid. 

Measurements: (n=7) length X breadth: 74 - 108 X 62 - 101. 

Remarks: The overall shape of this cyst is similar to .1... pulchra 

Biffi and Grignani (1983), which differs in the nature of the antapical 

horns (rounded and thickened acicular terminations, lacking tubercles) 

and the archeopyle (intercalary only). 

Occurrence: Rare, found in one sample each in SCB and Baja, and in 

six Gulf localities: in the central Gulf (76, 89, 26), near Bahia 
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La Paz (90) and the inner Gulf (11, 11). 

Genus Protoperidinium (Bergh) Balech 1914

Protoperidinium (Archaeperidinium) cf. aspidotum

(Balech 1964) Balech 1914

Pl. 3, fig. 4.

11911 Protoperidinium mipytum (Kofoid), Fukuyo n. .a.l., p. 11,

11918 ms Protoperidiniym aspidotym (Balech), Dobell, p. 47-52, pl. VIII,
fig. 1. 

Description: Spheroidal to ellipsoidal, thin walled cyst with a moderate 

to large number of solid, inflexuous, simple processes of length up 

to one-third of cyst diameter and a large standard hexa 2a archeopyle. 

No other indications of paratabulation (e.g. cingulum, sulcus) are 

present. Wall texture granulate to areolate. 

Measurements: 

Fukuyo .n .al. Dobell This study (n=12) 

diameter 28 32 34 52 22 - 31 X 18 - 31 

process length 4 - 5 2 - 1 1 - 7.5 

Remarks: This spore tends to develop folds parallel to the ambi tUB. 

The presence of an archeopyle differentiates it from the acritarch 

genus Filisphaeridium. 

The generally smaller size, larger archeopyle, less flexuous processes 

and granular surface texture differ from previous descriptions. 

Some spinose bodies found in modern sediments resemble h. aspi
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dotum, e.g. Peridinium sp. and Diplopsalis sp. of Matsuoka (1981b), 

but no archeopyle was displayed in his figures. 

Occurrence: Present in the Washington shelf (2 samples, 2. 1~), a 

corridor in the central SCB (6, 4.8~ see Text-fig. 34), Baja (1, 2.5~)

and throughout the Gulf (12, 2.2~).

Geographical range: Modern - Japan (Fukuyo ~ li., 1977), B.C. (Do

bell, 1978 ms). 

Protooeridinium (Protooeridinium sect. Brigantedinium) spp. 

and similar cysts 

Remarks: When brown spherical cysts, including ~. ayellana, conico

~, punctulatum , thorianum, ?hangoei and Zygabikodinium (and possibly 

others not recognized) were encountered in the preparations, they 

were rarely oriented favorably for the display of the archeopyle, 

so that in quantiative analysis they must be lumped together as "Brigan

tedinium" spp. 

The environmental requirements of individual secies are poorly 

known because of their infrequent recognition by previous authors. 

Cysts of this morpho type have been found in inner neritic temperate 

(Harland, 1983, Table 1), tropical (Wall, 1967) and even arctic and 

subarctic ecosystems (Harland, 1982a,; Dale, 1983, fig. 46, p. 126; 

Turon, 1980). These occurrences may reflect an abundance of dissolved 

and particulate organic matter or liVing diatoms, which can be ingested 

by Protoperidinium thecae (Taylor, pers. comm.). 
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In the study region these oysts are present in low numbers in 

all bu t central California samples: in eight scattered samples in 

SCB, (highest proportion [12.5%] in 54, south of Santa Cruz Island), 

and in all areas of Baja and the Gulf (where the highest proportion 

[12.51] of these cysts occurs in sample 97 at the mouth of the Gulf). 

These species collectively are indicators of the Southern Current 

(IVA 1) and the Main Gulf (IVA2a). Among species recognized in these 

samples are: 

FrotoDeridinium (Archaeperidinium sect. Fuscusasphaeridium)

aff. ayellana (Meunier) Balech 1974

Pl. 11, fig. 4, pl. 12, fig. 8

1967 Chytroeisphaeridia cariacoensis Wall, p. 113-114, pl. 16, 

fig. 13, 14. 

1967 Peridinium avellana (Meunier); Wall and Dale, pl. 1, fig. 5. 

1976 cyst of Peridin1um cf • .f,. avellana (Meunier); Dale, pl. 1, 

fig. 14. 

1977 Brigintedinium ciriacoensis (Wall); Reid, p. 434, pl. 1, 

fig. 2. 

1982b Protoperidinium (ArcPieperidinium sect. Fusousasppaeridium) 

ayellana (Meunier); Harland, p. 373-374, text-fig. 6, 7B, 

pl. 38, fig. 4-9. 
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Measurements: 

Wall (1967) Reid (1977) This study (n=8) 

diameter 44 - 63 44 - 63 30 - 52 

Remarks: The wall of this cyst type varies from smooth to slightly 

undulate. The indentation of the posterior margin of the archeopyle 

is a diagnostic feature. 

Geograohic range: Quaternary - Caribbean Sea (Wall, 1967), Bay of 

Biscay (Harland, 1979), ?Nova Scotia (Miller ~~., 1982). 

Modern - East coast U.S.A. (Wall and Dale, 1967, 1968a), Caribbean 

Sea (Wall, 1967), Norway (Dale, 1976), British Isles (Reid, 1977; 

Harland, 1977, 1981, Lewis .lill., 1984), Japan (Matsuoka, 1981b, 

1985), Barents Sea (Harland, 1982a), ?Nova Scotia (Miller II .21.., 

1982) • 

Considered by Harland (1983, Table 1) to be a temperate inner 

neritic cyst. 

Protooeridinium (Protoperidinium sect. Brigantedinium) conicoides 

(Paulsen) Balech 1974 

Pl. 8, fig. 6 

1965 Chytroeisphaeridia simplicia Wall, p. 308, fig. 7, 20. 

1968a Peridinium cOn1coides Paulsen; Wall and Dale, p. 277, pl. 2, 

fig. 29, 30, pl. 3, fig. 27, 28. 

1977 Brigantedinium simolex (Wall); Reid, p. 435-436, pl. 1, 
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fig. 3, 4. 

1980 Brigantedinium simplex (Wall), Reid ex Harland and Reid; 

Harland ~~., p. 222-223. 

1982b Protops;ridinium (Protoperidinium sect. Brigantedinium) conicoides 

(Paulsen); Harland, p. 382-384, text-fig. 18, pl. 38, fig. 1-3. 

Ms;asurs;ments: 

Wall (1965) Reid (1977) This study (n=1) 

diameter 50 - 54 29 - 51 43 

Remarks: The wall texture of these specimens is smooth; there is 

no indication of a cingular or sulcal area (cf. Harland, 1982b). 

Archeopyle formation may involve the loss of either one or two intercalary 

paraplates (Harland, Ope cit.). 

Gs;ographic range: Quaternary - North Sea (Hughes ~ ~., 1978), Bay 

of Biscay (Harland, 1979), Baffin Bay (Mudie and Aksu, 1984). 

Modern - East coast U.S.A. (Wall, 1965; Wall and Dale, 1968a), 

Norway (Dale, 1976), Baffin Bay (Mudie and Aksu, 1984), British Isles 

(Reid, 1977; Harland, 1977, 1983; Lewis .At. .al., 1984), Japan (Matsuoka, 

1976a, 1985), B.C. (Dobell, 1978 IDS). 

Harland (1983) includes this species in his temperate, inner 

neritic cyst group. 

Theca: Arctic to subtropical neritic (Dodge, 1982), and San Juan Islands. 

Protops;ridinium (Archaeps;ridinium sect. FuscYsasphaeridium) 

cf. ds;nticylatum (Gran and Braarud) Balech 1974 
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Pl. 12, fig. 7. 

Remarks: This cyst can be distinguished from .f.. aff. aYellana by 

its straighter antapical archeopyle margin (Harland, 1982b). 

Measurements: (n=4) diameter: 42 - 63. 

Protoperidinium (~. sect. Asymmetropedin1um) punctulatum

(Paulsen) Balech 1974

Pl. 12, fig. 5,6.

1968a Perid1nium punctulatym Paulsen; Wall and Dale, p. 276-277,

pl. 2, fig. 25-27, pl. 3, fig. 24-25. 

?1976a Perid1nium sp. cf • .f.. punctylatum Paulsen; Matsuoka, p. 361

-362, pl. III, fig. 11. 

1982b Protoperid1nium(Protoperidin1ym sect. Asymmetropedinium) 

pynctylatum (Paulsen); Harland, p. 381-382, text-fig. 15

-17, pl. 242, fig. 3-6. 

Measyrements : 

Wall and Dale (1968a) This study (n=3) 

diameter 52 - 65 31 - 43 

Remarks: This cyst is distinguished from other "Briganted1n1um" species

by its asymmetrical hexa 2a archeopyle.

Geographic range: Modern - East coast U.S.A., Arabian Sea (Wall and

Dale, 1968a), ?Japan (Matsuoka, 1976a), B.C. (Dobell, 1978 ma).

Theca: Oceanic and neritic (Dodge, 1982). Not found in the regions studied.

studied.
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Genus Zygabikodinium Loeblich and Loeblich 1970 

Zygabikodinium lenticulatum (Paulsen) Loeblich and Loeblich 1970 

Pl. 19. , fig. 1,2). 

1968 Diplopsalis lenticula Bergh; Wall and Dale, p. 279, pl. 4, 

fig. 19, text-fig. 7. 

Remarks: These cysts are distinguishable from Protoperidinium sp. nov. 

and .ft.. thorianum, both described by Dobell (1978 ms), only by the 

absence of a hyaline inner envelope and the lesser length and different 

shape of the archeopyle slit. 

Measurements:

Wall and Dale (1968) This study (n=4)

diameter 49 - 57 36 - 45

Geograph!c range: Modern - Woods Hole, Mass. (Wall and Dale, 1968a), 

B.C. (Dobell, 1978 ma). 

Theca: Temperate to tropical neritic (Dodge, 1982). Worldwide. Not 

found in study region. 

Protoperidinium (~. sect. Vota4inium) claudicans (Paulsen) Balech 1974 

Pl. 11, fig. 3. 

1965 Peridinium sp. (Cyst-form 5); Wall, p. 307, fig. 16. 

1968a Perldlnium claudicans Paulsen; Wall and Dale, p. 373, pl. 1, 

fig. 30, pl. 2, fig. 1, 2, pl. 3, fig. 12. 

1977 Votadinium spinosum Reid, p. 445-446, pl. 2, fig. 24-26. 

1982b Protoperldinium (Protoperidinium sect. votadinium) claudicans 
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(Paulsen); Harland, p. 380, text-fig. 13. 

Measurements: 

Wall and Dale (1968a) This study (n=11) 

length X breadth 47 - 76 X 47 - 76 37 - 64 X 36 - 64 

Remarks: In this species the spines are 2-4 micrometers long, solid 

and acicular; because specimens are often found crushed, these charac

teristics are a useful aid in identification. The cyst shape is similar 

to most~. oblongum cysts, but in~. claudicans nearly all archeopyles 

involve the apex; in addition, contrary to~. oblongum, long antapical 

horns, present occasionally in that form, are never seen in.ft.. claudicans. 

Occurrence: While present in Baja and SCB (SBB and offshore), this 

form is most abundant in the Gulf (8 samples, 1.7J), where it is present 

in all but the most oceanic southern area. 

Geographic range: Modern - East coast U.S.A., Caribbean Sea, Bermuda, 

(Wall, 1965; Williams, 1965 DIS; Wall and Dale, 1968a; Wall II .il.., 

1977), British Isles (Reid, 1977; Harland, 1983; Lewis ~ ~., 1984), 

North Atlantic near North Africa and south of Greenland (Harland, 

1983), B.C. (Dobell, 1978 DIS), Japan, (Matsuoka, 1985). 

A temperate, inner neritic species (Harland, 1983). 

Theca: Neritic, temperate to subropical. Southern California Bight. 

Protoperidinium (Protoperidioium sect. Stelladinium) compressum 

(Ab') Balech 1974 
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Pl. 13, fig. 1-3. 

1965 ?Algal aplanospore Wall, fig. 19. 

1968a Peridinium stellatum Wall; Wall and Dale, p.275, pl. 2, 

fig. 15. 

1975 Stelladinium reidii Bradford, p. 3065-3066, fig. 2-4. 

1977 Stelladinium stellatum (Wall and Dale) [sic]; Reid, p. 443, 

pl. 2 , fig. 19, 20. 

1977 Stelladinium stellatum (Wall); Harland, p. 107-108, pl. 4, 

fig. 12-14. 

1980 Stelladinium reidiiBradford ex Harland and Reid; Harland 

II ,Sl., p. 224. 

1982b Protoperidin1um (Archaeperidinium sect. Stelladinium) compressum 

(Ab~); Harland" p. 376, text-fig. 8, 9, pl. 39, fig. 12. 

Measurements: 

Wall and Dale (1968a) This study (n=4) 

length X breadth 33 - 54 X 33 - 48 51 - 116 X 42 - 116 

Remarks: Some specimens of this species have more than five horns 

(e.g. pl. 13, fig. 3) but are otherwise identical to the five-horned 

types. In all of the California populations, the horns are hollow 

in their distal portions. According to Bradford (1975), the degree 

af distal thickening in the horns varies within populations; despite 

which, Reid (1977) set up the species ~. stellatum to accomDX>da te 

cysts with solid-tipped processes. However, that morpho type was not 

found in these populations. 
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Oocurrenoe: Present, but not abundant, in all areas of the Gulf, 

in Baja, (09), and in one SBB sample (56). 

Geographic range: Quaternary - British Isles (Harland, 1973, 1978a), 

Nova Scotia (Hiller ~~., 1982). 

Modern - British Isles (Reid, 1977; Harland, 1977), east coast 

U.S.A. (Wall, 1965; Wall and Dale. 1968a), western Arabian Sea (Wall 

and Dale, 1968a), Persian Gulf (Bradford, 1975), Japan (Matusoka, 

1981 b). This cyst is considered by Harland (1983) to be a temperate 

inner neritic type, however it ranges into subtropical waters. 

Theca: Absent from study regions. 

Protoperidinium (Protoperidinium sect. Selenopemphix) conicum 

(Gran) Balech 1974 

Pl. 12, fig. 11; Pl. 14, fig. 2. 

1965 Peridinium sp. (Cyst-form 6) Wall, p. 308, fig. 17, 23. 

1968a Peridinfum COn1cum (Gran); Wall and Dale, p. 273-274, pl. 2, 

fig. 4, 5. 

1975 Multispinula Quanta Bradford, p. 3067-3070, fig. 5-7. 

1977 Multispipulosa [sic] Quanta Bradford; Harland, p. 106, pl. 3, 

fig 14, pl. 4, fig. 18, 19. 

1980 Hultispinula Quanta Bradford ex Harland and Reid; Harland 

II .al.., p• 223. 

1982b Protoperid~nium (Protoperidinium sect. Selenopemphix) conicum 

(Gran); Harland, p. 384-385, text-fig. 19, pl. 39, fig. 1-3, 

pl. 42, fig. 1, 10. 
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Measurements: 

Wall and Dale (1968a) This study (n=6) 

lateral breath 48 - 60 37 - 55 

dorsoventral breadth 44 - 56 23 - 43 

Remarks: The morphology of this, the most cosmopolitan Atlantic Ocean 

cyst (Wall ~ Ai., 1977), is well known; all examples in this study 

conformed to the descriptions cited above. One specimen (pl. 12, 

fig. 11) had fewer and thicker spines, a feature which is closer to 

the Protoperidinium nudum (Meunier) cyst type (Wall and Dale, 1968a, 

p. 277-278, pl. 4, fig. 5; Bradford 1975, fig. 7). 

Occurrence: This is the most abundant (usually 5-7%) and widespread 

peridinioid cyst in the present study, found in all but the San Juan 

Islands area. It is abundant in the SCB (5.6S - Text-fig. 34), where 

it reaches 21.9S in the SBB. Other areas (Washington shelf - 2 samples 

- 6%; Gulf - 25 samples, 7%) also contain substantial numbers of these 

cysts, especially two locations: samples 04 and 14 on the Baja side 

of the southern Gulf, north of Bahia La Paz (29.5% and 16.9%, respec

tively). 

Geographic range: Quaternary - British Isles (Hughes II .il., 1978), 

Bay of Biscay (Harland, 1979), Caribbean Sea (Wall and Dale, 1968a), 

Nova Scotia (Miller ~~., 1982). 

Modern - British Isles (Reid, 1977; Harland, 1977, 1981, 1983; 
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Lewis II al., 1984), east coast U.S.A. Wall, 1965; Wall and Dale, 

1968a; Wall ~ ~., 1977), Norway (Dale, 1976), Barents Sea (Harland 

1982a), western Arabian Sea, Persian Gulf (Wall and Dale, 1968a; Bradford, 

1975), Caribbean Sea (Wall and Dale, 1968a; Harland, 1983), northwest 

Africa (Harland, 1983), Philippine Sea (Matsuoka, 1981a), Japan (Matsuoka, 

1981b, 1985; Fukuyo, 1980), B.C. Dobell, 1978 ms), Nova Scotia (Miller 

.llU., 1982). 

Owing to its wide distribution, Harland (1983) includes ~. coni

~ in the inner and outer neritic cyst groups, in both temperate 

and tropical latitudes. 

Theca: Widespread in the Atlantic and Mediterranean Seas (Dodge, 1982). 

San Juan Islands, SCB and Gulf of California. 

Protoperidinium (Protoperidinium sect. Quinguecuspis) leonis

(Pavillard) Balech 1974

Pl. 12, fig. 1-4; Pl. 13, fig. 4.

1964 Peridinium leonis Pavillard; Evitt and Davidson, p. 5-7,

pl. 1, fig. 9, text-fig. 1. 

11976a Peridinium leonis Pavillard; Matsuoka, p. 359-360k, pl. III, 

fig. 9 

11977 Trinoyantedinium concretum Reid, p. 438-439, pl. 1, fig. 9-

11 • 

1977 Irinoyantedinium sabrinum Reid, p. 441-442, pl. 2, fig. 15

-17. 

11977 QUinguecuspis concretum (Reid); Harland, p. 107, pl. 3, 

fig. 1-6, 17-20. 

1980 Peridinium sp. Arends and Damassa, pl. 2, fig. 5. 

1982b Protoperidinium (Protoperidinium sect. Quinguecuspis) leonis 
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(Pavillard); Harland, p. 385, text-fig. 20, pl. 41, fig. 1

-14, pl. 42, fig. 7, 9. 

Measurements: 

Wall and Dale (1968a) This study (n=11) 

length X breadth 52 - 72 X 53 - 76 61 - 89 X 70 - 92(100) 

Remarks: In the California collections the apical paraplate series 

is usually involved in archeopyle formation; i.e. it is either an 

enlarged or a combination intercalary archeopyle (Harland 1982a). 

The phragma is usually ridged. Lewis ~ .11.. (1984) found that this 

cyst often lost paraplate 4" in archeopyle formation. 

A closely allied form, .fI:,. aff. leonis (pl. 12, fig. 1,2) has 

a broader cingulum and a two-paraplate intercalary archeopyle. This 

was found as a few specimens only in one Washington shelf and SCB 

locality. 

The very similar~. cODQretum (Reid) is distinguished from I. ~

rinum Reid by a slightly thicker and darker wall and terminal thickenings 

(Reid, 1977). Given the great variation in~. leonis, those differences 

may also prove to be intraspecific. 

Occurrence: Found in low numbers in all but the central California 

area - most abundantly in one San Juan Island sample (22, 40.71.). 

Other areas contained only a few scattered occurrences of this cyst. 

Geographic range: Quaternarv - ?British Isles (Hughes .tl .i,l.., 1978, 
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as~. concretum), ?Bay of Biscay (Harland, 1979, as~. coPcretum). 

Modern - British Isles (Reid, 1977; Harland, 1977, 1981; Lewis 

~ al., 1984), California (Evitt and Davidson, 1964), east coast U.S.A. 

(Wall and Dale, 1968a), Japan (Matsuoka, 1976a, 1985), West Africa 

(Harland, 1983), Caribbean (Wall II A!.., 1977), B.C. (Dobell, 1978 

ms), North Sea (Chowdhury, 1982). 

This broadly distributed cyst is found in the same environments 

as .fl:.. conicum (Harland, 1983): i.e. all but the oceanic and arctic 

regions. 

Protoperidinium (Protoperid1nium sect. votadinium) oblongum

(Aurivillius 1898) Balech 1974

Pl. 6, fig. 3.

1968 Peridinium oblongum (Aurivillius); Wall and Dale, p. 272-273,

pl. 1, fig. 25-28. 

1977 votadinium calvum Reid, p. 444-445, pl. 2, fig. 21-23. 

1982b Protoperidinium (Protooeridinium sect. votadinium) oblongum 

(Aurivillius); Harland, p. 380-381, text-fig. 14, pl. 40, 

fig. 10-12. 

Measurements: 

Wall and Dale (1968a) This study (n=5) 

length X breadth 47 - 68 X 52 - 68 58 - 94 X 70 - 90 

Remarks: As discussed by the cited authors, the variation in cyst 

morphology is considerable and encompasses shape, bread th of the cingulum, 
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width of the antapical horns and the degree of participation of the 

apical paraplates in archeopyle formation. In the present populations, 

most specimens were of the rotund variety, termed "chordate" (Wall 

and Dale, 1968a; Reid, 1977), with most of the apical paraplate series 

lost in archeopyle formation. As in .fI:.. leonis, this may represent 

an enlarged intercalary or a combination archeopyle. 

Occurrence: Found in all but the Washington shelf, but predominantly 

a southern species (Gulf 24 samples, 7.21 average; Baja, 3 - 9.6% 

average; SCB, 7 - 4.41 average; Central California, 2 - 13,4%; San 

Juan Islands, - 7.41). In the SCB the distribution is sporadic, 

SBB, Santa Monica Basin, southern coastal area and Tanner Basin. 

In the Gulf it is most numerous in the central area (>191 in two sam

ples). An indicator species of the South Shore (IIIB1). 

Geographic range: Modern - British Isles (Reid, 1977; Harland, 1977; 

Lewis II .il., 1984), east coast U.S.A., Arabian Sea (Wall and Dale, 

1968a), Barents Sea (Harland, 1982a), California (Evitt, 1968), Japan 

(Matsuoka, 1976a, 1981b, 1985), South Africa (Davey and Rogers, 1975), 

B.C. (Dobell, 1978 IDS). 

An inner neritic temperate dinocyst (Harland, 1983). 

Theca: Absent from the regions studied. 

Protoperidinium (Protoperidinium sect. Selenopemphix) subinerme

(Paulsen 1909) Loeblich 1970

Pl. 7, fig. 10 •

1968a Peridinium subinerme Paulsen; Wall and Dale, p. 276, pl. 2, 
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fig. 22-24. 

?1972 Selenopemphix nephroides Benedek, p. 48, pl. 11, fig. 13, 

pl. 16, fig. 1-4. 

1975 Omanodinium alticinctum Bradford, p. 3070-3072, fig. 23-28. 

1978a Protoperidinium subinerme (Paulsen); Harland, pl. 1, fig. 11. 

?1980 Selenopemphix nephroides Benedek emend. Bujak; Bujak II 

sl., p. 84-86, p. 21, fig. 6, text-fig. 23a. 

?1981 Selenopemphix nephroides Benedek emend., Benedek and Sar

jeant; p. 333-336, fig. 8, nos. 3-6. 

1982b Protoperidinium (Protoperidinium sect. Selenooemphix) subinerme 

(Paulsen>; Harland, p. 388, pl. 39, fig. 6, text-fig. 23. 

Measurements: 

Wall and Dale Benedek Bradford This study(n=5) 

lateral 48 - 60 65 - 96 33 55 - 74 

dorsoventral 44 - 56 47 - 78 49 - 64 

Remarks: Despite the variation in size and geological age (Eocene 

to Recent [Bujak n'u., 1980]), these cysts are provisionally considered 

synonymous. The hypotract grades from a blunt conical, hornless shape, 

to a two horned body. In the California samples, h. subinerme is 

usually hornless, while Pre tholus (Bradford), another cyst with polar 

compression, has two well developed antapical horns. ~. tholu§ also 

differs by lacking a deeply excavated cingulum. In both species the 

archeopyle is offset with respect to the mid dorsal line, as required 

for inclusion in this section of frotoperidinium. 
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Occurrence: Most frequently encountered in the Baja (3 occurrences, 

5.6J average) and Gulf (22, 3.9J) regions. This species extends up 

to the Washington shelf (SCB 9 occurrences. 4. 7J; central California 

1, 10. 5J; Washington shelf 2. 2.41). In the SCB it is consistently 

present in the five northern upwelling samples (maximum 10J in 28) 

with scattered occurrences in other areas of the Bight. In the Gulf 

this form is present throughout. reaching a maximum in the mainland 

central upwelling area (05. 8.61) and high proportions in two southern 

samples (99. 16.91; 02. 7.11). Baja sample 25 contains 121 ~. subi

nerme cysts. the highest representation of all. 

Geographic range: Quaternary - Bay of Biscay (Harland. 1979). 

Modern - British Isles (Lewis llU.• 1984). east coast U.S.A. (Wall 

and Dale, 1968a; Wall II U., 1977). western Arabian Sea and Persian 

Gulf (Bradford. 1975). Caribbean Sea. West Africa (Wall II Al.• 1977). 

Mediterranean Sea (Horzadec-Kerfourn in Harland. 1983). Japan (Matsuoka, 

1985) • 

A temperate inner neritic type (Harland. 1983). 

Theca: Subarctic to subtropical waters. San Juan Islands. 

Protoperidinium (ProtoDeridinium sect. Selenopemphix) tholus 

(Bradford) Bradford and Wall 1984 

Pl. 13. fig. 5,6; Pl. 14. fig. 3. 

1968a Peridinium sp. 1 Wall and Dale, p. 278. pl. 4, fig. 9. 

1975 Omaoodinium tholus Bradford, p. 3072-3074. fig. 17-22. 

1984 Protoperidin1um (Protoperidinium sect. Selenopemphix) tholus 
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(Bradford) Bradford and Wall, p. 49, pl. 2, fig. 15, 16. 

Measurements: 

Wall and Dale(1968a) Bradford(1975) This study(n=9) 

length 56 - 93 50 34 - 64 

width 64 - 96 68 45 - 82 

Remarks: The unusually wide, non-excavated cingulum is distinctive 

in this cyst. Bradford's (1975) diagnosis stated that this species 

mayor may not have antapical horns: the present specimens usually 

do. The thecate stage of the species is still unknown. 

Le jeunecysta brassensis Biffi and Grignani (1983) has a similar 

shape but its archeopyle is symmetrically placed on the dorsal surface. 

Leipokatium invisitatum Bradford (1975) also has a broad cingulum, 

but a larger, dome-shaped epitract. 

Many specimens encountered fit with the general morphology of 

~. tholus, but some were crushed so that they could not be distin

guished with full confidence from 1£.. inyisitatum or 1... diyersiforma. 

These were counted as ~. aff. tholus. 

Occurrence: While present in the Baja and Washington shelf areas, 

this cyst is more prevalent in the Gulf (12 samples, 3.2%) and the 

SeB (8, 3.9%). In the latter area the cyst is found only in the northern 

upwelling areas and in scattered nearshore environments (Text-fig. 34). 

In the Gulf, ~. tholus reaches abundances of 4.5 to 5.4S in nearshore 

and central Gulf locations (Text-fig. 35). 
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Geographic range: Modern - Western Arabian Sea. Woods Hole region 

(Wall and Dale. 1968a). Persian Gulf (Bradford. 1975). 

This cyst appears to favor warm temperate to tropical. and normal 

marine to hypersaline. waters. 

Order Gymnodiniales Lemmermann 1910 

Genus Polykrikos Butschli 1873 

Polykrikos kofoidi Chatton 1914 

Pl.15, fig. 1-3. 

1978 ms Tanyosphaeridium sp. Dobell. p. 102-104. pl. XI. fig. 9, 

pl. XIV, fig. 1-4. 

1980 cysts of Polykrokos kofoidi Chat ton; Morey Gaines and Ruse, 

p. 230-232, fig. 4. 

1980 "Acritarch" sp. Arends and Damassa, pl. 1. fig. 12, 13. 

Description: Large. elongate. cylindrical to ovoid cyst with numerous 

thick fibrous, cauliflorate processes arranged in approximately longi

tudinal rows. The thickness of the processes varies greatly, the 

antapical one being the widest and forming a corona-like structure. 

They are all expanded proximally and distally, hollow and open. There 

are approximately five rows of processes along the length of the cyst 

and 7-8 columns. The wall texture is fibrous and the body is pig

mented very darkly. 

No archeopyle was observed in these specimens. 
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Measurements: 

Dobell (1978 ms) This study (n=2) 

length X breadth 50 - 88 X 44 - 56 65 - 116 X 55 

process length 12 12 - 25 

Remarks: The specimens in these populations are of similar size to 

those reported previously from California but larger than Dobell' s 

B. C. material. Some identical, but smaller individuals wi th fewer 

processes were found. These may be cysts of another, presumably related, 

gymnodinioid species or a younger or smaller colony of Polykrikos. 

Occurrence: Present in 6 samples, from all but the central California 

area and the Washington shelf. Very abundant at some levels in the 

SBB subsurface. 

Geograohic range: Modern - California (Arends and Damassa , 1980 from 

sediments, and Morey-Gaines and Ruse, 1980 from cultures), B.C. (Dobell, 

1978 ms). 

The cyst of this predatory dinoflagellate is known only from 

these northeastern Pacific nearshore environments. Dodge (1982) states 

that the motile form, known also from the Atlantic, is probably essentially 

an oceanic species, but it is commonly found in coastal waters also 

(Morey-Gaines, 1979). 

Motile stage: San Juan Islands, Southern California Bight. 
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Group Acritarcha Evitt 1963 

Remarks: In Quaternary marine palynomorph assemblages and in dinoflagel

late cultures, a number of spheroidal to ellipsoidal process-bearing 

forms (Subgroup Acanthomorphitae Downie Evitt and Sarjeant 1963) have 

been illustrated with accompanying descriptions insufficient to confidently 

assign other specimens to those entitites. Among the details lacking 

are the exact morphology of the processes and the type of opening 

present. 

For ease of comparison I have grouped these cysts empirically 

as follows: 

i) Spheroidal and ellipsoidal cysts with straight, solid, simple 

spines: 

(diameter) 

a. Peridinium sp. of Matsuoka (1981b) 25 

b. Diplopsalis sp. of Matsuoka (1981b) 32 

c. Dinoflagellate cyst G (Reid and Harland, 1977) 28 

d. Dinoflagellate cyst I (Reid and Harland, 1977) .. 24 

Dinoflagellate cyst I has tewer spines than G; both 

have thick walls. For Peridinium sp. and Diplopsalis sp. too 

few data are available to characterize them further. 

ii) Spheroidal cysts with simple curved spines 

e. Peridiniopsis ct. hainanensis (Nie) Taylor 1976

(Dobell, 1978 ma) 43 

f. Dinoflagellate Cyst Form A (Wall ~~., 1977) 48 

g. Cyst of' Gymnodinium sp. (Wall and Dale, 1968a) 43-53 
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,f,. cf. hainanensis has shorter (2 micrometers) spines 

than the other two cysts; Dinoflagellate Cyst Form A apparently 

has longer and denser spines than Gymnodinium sp. 

iii) Spheroidal to ellipsoidal cysts with conical spines 

h. Dinoflagellate Cyst Form D (Wall ~~., 1977) 48 

i. Dinoflagellate Cyst B (Reid and Harland, 1977) 36 

j. Cyst of Polykrikos hartmannii Zimmermann (Matsuoka, 

1981b; Fukuyo, 1981) 36 

1. 1Multispinula minuta (Reid and Harland in Harland ~

.u., 1980) 31-37 

m. Solisphaeridium sp. a, herein 22-40 

n. Solisphaeridium 3p. b, herein 23-37 

Of this group, h, i, m, and n can only be distinguished 

by differing size. All appear to have hollow spine bases 

and spherical, moderately rigid bodies with sijple split 

openings. .f.. hartmannii had solid spines and also a large 

epitractal archeopyle. 1M. minuta, while possessing hollow-based 

spines, has a denser covering of shorter spines than the 

others, and a more ellipsoidal shape. In the latter aspect, 

it resembles Solisphaeridium sp. b. 

There are several described acanthomorphitic modern cysts that 

each have diagnostic features separating them from each other and 

the forms above? Peridinium faeroense (Dale 1977a), Cyst-type B (Harland, 

1977, 1983), Dinoflagellate Cyst Form B (Wall ~ ~., 1977, possibly 

synonymous wi th 1Achomosphaera sp.a herein), 1Dinoflagellate Cyst 
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C (Reid and Harland, 1977), and Dinoflagellate Cyst D (Reid and Harland, 

1977) • 

Genus Solisphaeridium Staplin et~. 1965 emend. Sarjeant 1968 

Solisphaeridium sp. a 

Pl. 3, fig. 5 • 

Description: Small spherical to ovoidal body with moderate to large 

number of randomly placed, conical, acicular processes. Wall smooth 

to granular and of varying thickness. Process bases hollow. Archeopyle 

is an irregular split developed a short distance away from the median 

line. 

Measurements: (n=7) dimensions: 22 - 40 X 22 - 28. 

Remarks: This is apparently a larger, more robust form of Solisphaeridium 

sp. b. 

Occurrence: Present in all areas but central California and San Juan 

Islands. Ubiquitous in the Gulf (25 occurrences, 6.9%) and Baja (3, 

5.5%); less abundant in SCB (9, 4%) and Washington (2, 3.2%, north 

of the Columbia River only). Within the SCB, it is found in the SBB, 

Santa Monica Basin, and San Clemente Island inshore, while in the 

Gulf, it is excluded from the inner Gulf and mouth. The highest single 

abundance of this cyst is in the Baja {09, 13%}. This form is indicative 

of the Gulf (IVA2). 
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Solisphaeridium sp. b 

Pl. 12, fig. 9, 10. 

Description: Small, spheroidal to ellipsoidal brownish hyaline palynanorph 

bearing a moderate number of randomly disposed simple processes. 

These spines are acicular to blunt, flexuous, and conical. Some areas 

of the cyst may be devoid of processes. An irregular split of variable 

length is developed. Surface texture smooth to granular, processes 

may be coarsely granular. 

Measurements: (n=15) dimensions: 12 X 21 - 26 X 37; processes: 

3.7 - 7.5. 

Remarks: ?Multispinula minuta Harland and Reid possesses denser, 

shorter processes and is somewhat larger (avg. = 37 X 31). 

Occurrence: Found in all but San Juan Islands; most abundant in the 

Baja area (2 occurrences, 11.6%, including sample 09: 16.7%) and 

the Gulf (23, 7.2%, including sample 12: 18.2%) • In the Gulf it 

is more prevalent on the mainland side, in the central upwelling area 

and in the inner Gulf than on the Baja side. In the Washington shelf 

area it is found to the north of the Columbia River only. 

Genus Filisphaeridium Staplin ~ si. 1965

?Filisphaeridium sp.

Pl. 11, fig. 1.

Description: Ovoidal sac-like microfossil with numerous short solid 
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acicular to bifid processes distributed evenly on the surface; the 

proximal attachment of the processes is distinct and not flared. 

The surface texture both on and between the processes is smooth. 

A terminal slit-like opening can be seen in one of the specimens. 

Remarks: This form differs from Reid and Harland's (1977) ?Dlnoflagellate 

Cyst C but has shorter processes. Otherwise its shape is similar. 

Cyst type A of Harland (1977) is larger than the present form. 

Measurements: (n=3) length X width: 85 X 78 - 90 X 70; processes: 

2.5. 

Occurrence: A few specimens in the Gulf only (03, 04, 06). 

Genus Schizocystia Cookson and Eisenack 1962a

Schizocystia "califQrnica" n. sp.

Pl. 18, fig. 4,5.

Diagnosis: Lenticular, thick-walled lenticular shell covered with 

numerous () 100) filiform processes of length 1/10 to 1/3 of the shell 

diameter. Epityche developed near to and parallel to the ambitus; 

its length is 1/3 to 1/4 of the circumference. 

HolQtype: Sample 06, surface sediments, southeastern Gulf of California. 

Slide 06 (1) 115.3/15. 
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Measurements: (n=10) diameter: 48 - 58; process length: 5 - 15. 

Remarks: Owing to the dense cover of hairs and opacity of the wall 

the epi tyche is not visible in many specimens. When developed it 

simulates two halves of a hamburger bun. The hirsute nature of the 

phragma distinguishes this form from other species of the genus. 

Occurrence: Present in the Baja (09) and nineteen central and southern 

Gulf of California samples, averaging 5. 5S of those assemblages (Text-fig. 

35). An indicator species of the Gulf (IVA2). 

Genus Schizosporis Cookson and Dettman 1959 

?Schizosporis sp. 

Pl. 1, fig. 3,4. 

Description: Larger spherical hollow body with a thick wall composed 

of several layers of reticulations. The shape of the meshes are mainly 

elongate polygonal and semicircular. The body is darkly pigmented. 

Measurements: (n=6) diameter: 53 - 95. 

Remarks: The number of layers of reticulation is difficult to discern. 

Schizosporis reticulatus (Cookson and Dettman, 1959) is similar to 

this form in its layered reticulations but the meshes are different 

(less elongate than this palynomorph). The present form is vaguely 

similar to Species X of Pierce (1977) but that form is differentiated 

into hemispheres, has a preformed suture line and a secondary smaller 
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reticulation between "cells". 

Occurrence: Most common in the Washington shelf (4 samples, 2. 1%) , 

but similar types appear rarely also in the Gulf and SCB. Indicative 

of the Non-estuarine Washington Shelf (IA). 

Genus "Argodinium" n. g. 

Tvpe species: "Argodinium schraderi." n. g. sp. 

Derivation of name: argos - Gr. m., hundred eyed monster, guardian 

of Io. 

Diagnosis: A spheroidal. to ovoidal body with fibrous-spongy texture 

and numerous (c. 30) flaring ?non-tabular processes arranged regularly 

over the body. A split is present which spans one fourth of the circum

ference. 

Remarks: The nature of the opening distinguishes this from other 

dinocysts with fibrous processes (e.g. CQrdosphaeridium). 

"Argodinium schraderi" n.g. sp. 

Pl. 17, fig. 1,2. 

Derivation of name: after Dr. Hans Schrader, who provided the samples 

from the Gulf of California that contained this cyst. 

Holotvpe: Sample 75, surface sediments, northern Gulf of Califor



239 

nia. Slide 75(1) 11f.9/19. 

Description: Spheroidal to ovoidal chorate body with numerous (c. 30) 

short cylindrical, hollow processes, all of similar length but varying 

thickness. Both processes and wall are fibrous and spongy. Process 

bases flare slightly. Excystment opening is a split which occupies 

one-fourth of the circumference. 

Measurements: (n=13) length X breadth: 43 - 67 X 37 - 54; process 

length: 6 - 9. 

Remarks: The process characteristics and size are reminiscent of 

li. breviatum Morgenroth, (42 X 45 um) but that late Eocene species 

has less fibrous, more transparent processes. The texture is similar 

to that of the cyst of Polykrikos kofoidii, but "A. schraderi H lacks 

an antapical corona and is less elongate. 

Occurrence: This cyst is found in all but the San Juan Islands assemblages 

but is significant only in the Gulf, where it is found in 24 samples, 

averaging 6.2S of the assemblage. Here the area of greatest abundance 

is clearly the inner Gulf where the proportion reaches 29.9S (sample 

77). The central (78, 01, 03, >6S), and southern (87 and 07) Gulf 

samples also have substantial accumulations of this cyst type. An 

indicator species of the Gulf (IVA2). 

Genus "Saganeutes" n. g. 



240

Type species: "Saganeutes pavon n. g. sp. 

Derivation of name: saganeutes - L., m., one who fishes with a net. 

Diagnosis: Small, spheroidal bodies with circular or shield-like 

pylome and large equatorial net composed of 2 intersecting sets of 

parallel long fibrils. 

"Saganeutes ~" n.g. sp. 

PI • 17, fig. 3,4. 

Derivation of name: pavo - L., m. peacock, with reference to the 

appearance and arrangement of the fibrils. 

Holotype: Sample 83, surface sediments, northern Washington Shelf, 

slide 83(7) 108.4/12~8

Diagnosis: Small, spheroidal body with a large shield-like to circular 

pylome that occupies the centre of the cyst in a polar position and 

with a net or halo of long intersecting perpendicular flexible fibrils. 

The mode and posi tion of attachment of these fibrils is unknown. 

Wall surface smooth. Fibril length one-half to one full body diameter. 

Measurements: (n=3) diameter: 34 - 49; fibril length: 25 - 32. 

Occurrence: Present in the Washington shelf (2 occurrences, 1.8% ) , 

Baja (1,0.4%) and the Gulf (1,0.5%). This acritarch also becomes 
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common at certain levels in the SBB subsurface. 

Genus "SkiagioDsis" n.g. 

Type species: "Skiagiopsis octaster" n. g. sp. 

Derivation of name: from Skiagia Downie (1982) an acritarch genus 

which bears hollow, funnel shaped processes which are, in most cases 

closed proximally. 

Diagnosis: Circular shell of two wall layers bearing a low number 

of hollow equatorial processes only. The outer wall layer only contains 

the processes. A circular pylome is present. 

"Skiagiopsis octaster" n.g. sp. 

Pl. 15, fig. 7,8. 

Derivation of name: From the number of equatorial processes. 

Holotype: Sample 04, surface sediments, western Gulf of California 

between Isla San Jose, and Bahia Concepcion. Slide 04(1) 127.5/8.8. 

Diagnosis: Spherical palynomorph with seven equatorial processes. 

A large circular pylome is located in a polar position. Processes 

short, hollow and broad, expanded proximally to join the main body. 

Distally the processes are open and expanded, dividing into six to 

ten whip-like tendrils, which themselves each terminate in a small 

knob. Proximally, they are closed. Texture of the upper surface 
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is smooth; the lower surface can be reticulate or smooth. Cyst wall 

thick and bilayered. Outer wall layer only forming the processes. 

Measurements: (n=9) diameter: 33 - 50; process length: 16 - 27. 

Remarks: ?Hystrichosphaeridium laevigatum Lister (1970) has processes 

of a similar nature and. from Lister's figures. of similar distribution. 

He stated that in ?H. laeyigatum a pentagonal central pylone is formed 

by the loss of a process-bearing operculum plate. None of the California 

specimens had opercula in place. Lister's species aiso differs in 

lacking whip-like extensions to the processes. 

Occurrence: A southern species. "~. octaster" is present in the central 

and southern Gulf (5 samples. 2%) and in a Baja sample. as well as 

in the SBB subsurface. 

"Skiagiopsis hialina" n. g. sp. 

Pl. 9. fig. 5; pl. 14. fig. 4.5; Pl. 17. fig. 5. 

Deriviation of name: from the texture of the body wall. 

Holotype: Sample 96. surface sediments. Gulf of California. northeastern 

Guaymas Basin Slope. Slide 96(1) 115.2/10. 

Diagnosis: Spherical, smooth, thin walled body with six hollow elongate 

sleeve-like processes. Processes open distally with tubular terminations. 

closed proximally an non-flaring. Body bilayered. only the outer 

layer forms the processes. A large circular pylome is present. located 
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centrally, with an attached operculum in place. 

Measurements: (n=2) diameter: 45 - 48, processes: 21 - 32. 

Remarks: According to F.J.R. Taylor (pers. comm.) , this form may be a 

rotifer egg case. 

Occurrence: Two samples only in the Gulf (00, 96). 

Genus Concentricystites Rossignol 1962 

1Concentricystites rubinus Rossignol 1962 

Pl. 8, fig. 7 • 

11962 Concentricystites rubinus Rossignol; p. 134, pl. 2, fig. 5, 

designa ted as lectotype by Jansonius and Hills, 1976, card 

148. 

11964 Sporites circulus Wolff, Rossignol, p. 94-96, Pl. 3, fig. 17, 

18. 

11969 Sporites circulus Wolff, Rossignol, p. 34. 

Description: Lenticular circular palynomorph with thick, concentric 

round-topped ridges around the centre. These ridges are arranged 

at regular intervals from each other. 

Measurements: diameter: 37. 

Occurrence: in sample 91, north of Bahia La Paz only. 

Division Chlorophyta Kutzing 
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Class Prasinophyceae Christensen 

Genus Cymatiosphaera CO. Wetzel 1933) emend. Deflandre 1954 

Remarks: Parke et ale (1978) have provided evidence for synonymizing 

Cymatiosphaera with Pterosoerma, a practice which still has not been 

accepted by most palynologists. 

Cymatiosphaera reticulosa Takahashi 1964

Pl. 15, fig. 4-6.

1964 Cymatiosphaera reticulosa Takahashi, p. 210-211, pl •. 30,

fig. 8a,b, 9a-c. 

non Cymatiosphaera reticulosa (Kir'yanov 1978) Colbath 1983 

Description: Small sphe,roid with low sinuous to straight ridges on 

surface, forming a polygonal pattern so that portions of six polygons 

are visible on one surface. The undulations, when present, are approxi

mately 2 micrometers in amplitude. At the intersection of the ridges 

are short, inflexible rod-like processes., 

Wall thick and smooth. There are four to five polygonal fields 

on each hemisphere. 

Measurements: 

Takahashi (1964) This study (n=2) 

diameter 19 - 21 15 - 18 

spine length 2.3 - 3.7 2 - 3 

Remarks: Previously known only from the Oligocene of Japan; those 
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specimens are similar in all respects to the present examples. 

Parke II al. (1978) stated that the undulations of the field 

boundaries are a poor specific character because they can be caused 

by cover slip pressure. Still, no identical modern forms are known 

with straight membranes. The closest morphology is found in Pterosperma 

marginatum Gaarder 1954, but that species has a pore in the center 

of each field. 

Colbath's (1983) transfer of Kir'yanov's species requires a new 

specific epithet, as reticulosa is preoccupied. 

Occurrence: Rare, in SBB subsurface, Baja (25) and the central Gulf 

(01 and 10). 

?Cymatiosphaera sp. 

Pl. 16, fig. 1-3. 

Description: Small spherical palynomorph with poorly developed crests 

partially dividing the shell into fields. Crests thick, and incomplete, 

merging into the wall of the main body. If they were complete they 

would divide the surface of the sphere into c. four fields. Surface 

texture granular, no pores seen. 

Measurements: diameter: 21u; crest height: 4u. 

Remarks: The closest species to the present form is Pterosperma cuboides 

Gaarder, which is porate (see Parke ~~., 1978). 
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Occurrence: While this small phycoma is found in low numbers in two 

Gulf of California locations (88, 02), its center of abundance is 

further north, in the SCB, and in central California (samples 17, 

18). 

Genus Pterosperma Pouchet 1893 

Remarks: The synonymy of this genus was given by Parke ~ si. (1978, 

p. 242, but see also Takahashi and Matsuoka (1981), for a differing 

opinion. Trochischia (sensu Lemmerman, 1903, p. 347, proparte) is 

a junior synonym of Pterosperma (~ Parke ~ Ai., 1978). 

Pterosperma undulata Ostenfeld in Ostenfeld and Schmidt 1902

Pl. 16, fig. 4.

1902 Pterosperma undulatum Ostenfeld in Ostenfeld and Schmidt,
p • 15 1, fig. 5. 

1903 Trochischia undulata (Ostenfeld), Lemmermann, p. 349. 

1978 Pterosperma undulata Ostenfeld; Parke .!ll .il., p. 263-265, 
pl. 12, fig. a-me 

Measurements: 

Parke .!ll~. (1978) This study (n=6) 

diameter of body 22 - 47 31 - 67 

width of flange 7.5 - 22 

Remarks: The California specimens are larger than both British and 

North Pacific phycomata (Taylor and Waters, 1982, c. 20 micrometers). 

The wall is thick and stains darkly: the "hebetate to finely papillose" 
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texture (Parke ~~., 1978) cannot be resolved here. 

Pterospermopsis microptera (Deflandre and Cookson, 1955) is smaller 

(overall diameter = 21 - 28 um) but otherwise similar. Pterospermella 

pterina Takahashi and Matsuoka (1981) is of a similar size to, or 

slightly larger than, these Pacific specimens and has a wider ala. 

Occurrence: A predominantly warm water form; present throughout the 

central and southern Gulf, mainly on the Baja side (ten samples) and 

in the Baja (two samples) and SeB (one occurrence, sample 59) areas. 

Geograohic range: Modern - Gulf of Aden, Red Sea (Ostenfeld, 1902, 

see Parke et .li., 1978), British Isles (Parke ~ .i1.., 1978), Gulf 

of Mexico, Bahamas (Gaarder, in Parke .ll .al., 1978, p. 265), North 

Pacific (Taylor and Waters, 1982). 

A cosmopolitan neritic to oceanic species. 

Pterosperma cf. vanhoeffenii (Jorgensen) Ostenfeld

(see Parke ~Ai., 1978, pl. I, fig. G, pl. V, fig. E, F)

Pl. 16, fig. 5,6.

Descriotion: Compact phycoma with dark, thick-walled spherical central

body and two polar, hyaline skirt-like alae flaring out from their

points of attachment. Joining the two alae are four regularly spaced

membranes of similar nature. Accompanying the alae at the point of

attachment of each membrane is a reinforcing rib. Surface texture

smooth. An ornamented pore is developed in the centre of each field. 
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Measurements: Diameter of central body: 15 width of alae: 11 

Remarks: According to Parke et .i.l., .f. yanhoeffenii has alae with 

delineate four fields on the central body and in addition has a row 

of pores on the shell surface adjacent to the alae. In the present 

specimens, c. 7 fields are outlined and pore rows are absent. 

Occurrence: SBB core 262. 

Class Chlorophyceae 

Genus Lecaniella Cookson and Eisenack 1962 

Lecaniella sp. 

Pl. 14, fig. 7. 

Description: Small, ovoidal, low, dome-shaped palynomorph with smooth 

transparent wall and a pattern of linear ridges on the outer convex 

surface. These are apparently of random orientation, some form polygonal 

fields. There is an invagination on the ambitus near the narrow end 

of the oval. 

Measurements: (n=9) length x width: 49 X 38 - 73 X 56. 

Remarks: This genus was erected to accomodate one-layered, saucer-shaped, 

patterned, organic-walled microfossils. The two known species are 

thicker-walled and more robust than this object. 

Paralecaniella indentata Cookson and Eisenack 1970 has a similar 
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invagination but lacks a patterned surface. Cookson and Eisenack 

(1970) suggested that these palynomorphs might be related to the genus 

Phacotus Perty, a freshwater biflagellated green alga. 

Occurrence: Very abundant along the Washington shelf (82 - 85) where 

it forms up to 60S of the association; rare in the San Juan Islands 

and the central Gulf. Indicative of Region I, the Washington Shelf. 

Genus Pediastrum Meyen 

Remarks: For descriptions and taxonomic details on these freshwater 

green algae, reference should be made to Smith (1950). 

Pediastrum boryanum (Turp~n) Meneghini, pl. 18, fig. 7. 

Present in all areas, in nearshore samples only (Text-fig. 35). Gulf, 

mainland side- only. An indicator of the Mid Gulf Islands (IVA2b). 

Pediastrum cf. duplex Meyen, pl. 7, fig. 12. 

Present in the Washington shelf only (82 - 85). 

Pediastrum sp. 3, pl. 4, fig. 4. 

Found in the northern Washington shelf only (83, 85). 

Pediastrum sp. 4, pl. 18, fig. 1. 

Present in sample 56, Southern California Bight. 

Microfossils of Unknown Affinity

?Order Pyrocystales Apstein 1909

?Genus Pyrocystis Murray ex Haeckel 1890

?Pyrocyst1s luoula (Schutt 1895) Schutt 1896
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Pl. 18, fig. 8.

Description: Elongate, cylindrical to flattened hyaline microfossil 

of straight or curved shape, often formed into a lunate outline. 

When intact, the tips are blunt and thickened. Linear striations 

run parallel to the long axis. Longitudinal folding of the walls 

is common, resulting in a spindle-like appearance. 

Remarks: The pellicle wall does not stain with safranin o. Swift 

and Remson (1970) and Morill and Loeblich (1981) have demonstrated 

the resistance of the pellicular layer of Pyrocystis lunula to acetylation 

and Morrill and Loeblich's photograph (fig. 3) show folds of a similar 

morphology. The species closely resembles the parasitic dinoflagellate 

at first classified witbin the same species and now differentiated 

as Dissodinium pseudolunula Swift ex Elbrachter and Drebes 1978 (see 

Drebes, 1978), based on its life cycle. Both of these species are 

zygotes, but~. lunula cysts are the autotrophic life stage. 

These pellicles were observed in residues from all areas but 

not systematically counted. 

Genus Coelosphaeridium Nageli 1849 (see Smith 1950) 

"Coelosphaeriumtf sp. 1 

Pl. 18, fig. 6. 

Description: Spherical hollow colony of small elongate cells which 

stain pinkish purple in safranin O. No polarity is seen in either 

the colony or the cells, but all cells are arranged radially with 

respect to their long axis. Diameter of colony: 197; cell dimensions: 
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1.5 X 1 micrometer. 

Remarks: The morphology is suggestive of the freshwater blue-green 

algal genus Coelosphaeridium Nageli (see Smith, 1950), but members 

of that genus are embedded in a hyaline matrix, which is not visible 

here. The chemical treatment of the residues may have dissolved this 

material. 

Genus Merismopedia Meyen 1839 (see Smith 1950) 

"Merismooedia" sp. 1 

Pl. 7 , fig. 11. 

Description: Irregularly-shaped sheet of small ovoid flattened cells 

embedded in a lighter co~oured matrix. Both cells and matrix surface 

are smooth. Cells are of two sizes: 6-15 and 3 micrometers. 
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Text figure 32. Areas of occurrence of important palynomorph species 
in the Southern California Bight: 

a) over 25% Lingulodinium machaerophorum 

b) over 31 abundance of Operculodinlum centrocarpum 

c) occurrence of Q. israelianum 

d) over 20% abundance of Spinlferltes spp. (non-shaded area). 
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Text figure 33. Areas of occurrence of important palynomorph species 
·in the Gulf of California and Baja California: 

a) occurrence of ?Achomosphaera sp. a 

b) over 31 abundance of Operculodinium centrocarpum 

c) occurrence of O. israelianum 

d) over 20% abundance of Spiniferites spp. 
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Text figure 35. Areas of occurrence or dominance (closed circles) 
of important palynomorph species in the Gulf of California and 
Baja California: 

a) dominance (>50% of Soiniferites specimens) of Soiniferites 
pachydermus. 

b) occurrence of Schizocystia "californica" 

c) occurrence of Protoperidinium tholus 

d) occurrence of Pediastrum boryanum 
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Text figure 34. Areas of occurrence of important palynomorph species 
in the Southern California Bight: 

a) occurrence of Protoperidinium ?aspidotum 

b) Protoperidinium conicum abundance: 
- greater than 10% - closed circles 
- present, but less than 10% - dotted circles 

c) occurrence of Protoperidinium tholus

d) occurrence of Pediastrum boryanum
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CHAPTER FIVE 

CONCLUSIONS 

The results of this study demonstrate that spatial and temporal 

quanti tative variations in modern marine dinoflagellate cysts can 

reflect differences in ambient and past marine water conditions and 

allow insights into dinocyst responses to oceanographic climate. 

Dinoflagellates and diatoms share prominence in modern phytoplankton 

assemblages, but flourish through divergent survival strategies and 

it is useful to contrast some of the ecological properties of the 

two groups when discussing the results. 

The overall abundances of dinoflagellate cysts in California 

Current sediments, while comparable to other upwelling areas are much 

less than the levels obtained in other nearshore habitats, such as 

temperate estuaries and fiords. Cysts production, unlike that of 

the vegetative stage, does not respond directly to nutrient levels 

and favourable growth conditions. The numbers of cyst in sediments 

depends not only on the initial standing stock of motile dinoflagellates, 

but also on the degree of environmental stress which induces encystment, 

and preservation. Where marine climate is most variable, encystment 

is a favoured life history adaptation. 

While most diatoms respond quickly and directly to changes in 

ocean climate (Tont, 1976), at least three main types of dinoflagellate 

patterns can be seen. One group of dinoflagellates, like the opportunistic 
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diatoms, is directly favoured by upwelling episodes, These are the 

heterotrophic Protoperidinium cysts, especially the "round brown" 

Brigantedinium fraction whose abundances are tied directly to those 

of diatoms since they require organic material produced by those algae. 

Most of these species were more abundant here in the areas of particularly 

strong upwelling: the Santa Barbara Basin, the northwest and offshore 

Southern California Bight (and near the Channel Islands), Baja California, 

and oceanward areas of the Gulf of California. 

Associated with the Protoperidinium sPecies cysts in these upwelling 

regions are various species of Spiniferites, depending on location. 

These cysts of the autotrophic Gonyaulax spinitera group are not responding 

to diatoms directly but apparently respond to advection strength. 

They are thought to be indicative of strong California Current flow. 

A third major type of distribution pattern and strategy behavior 

is exhibited by GonYaulax polyedra, the common bloom-torming dinoflagellate 

of the area. Both the theca and its cyst, Linguloginium maghaerophorum, 

are most abundant in warm nearshore waters where stratification and 

land-derived nutrients are highest. While formerly thought to be 

a mostly estuarine cyst species, this form becomes extremely abundant 

in the Southern California Bight and Baja California where freshwater 

input is low during its time of maximum growth and division. 

The species composition of these California Current upwelling 

regions, characterized by Linguloginium machaerophorum, Protoperidinium 

species and Spiniferites species, differs in its bloom-forming dinofla

gellate and most abundant cyst from other upwelling areas. Peru, 

which has a preponderance of the non-cyst-forming Gymnodinium sansuineum 
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in its phytoplankton community, has cyst assemblages lacking k. mach

aerophorum but containing the other two dinocyst groups. South Africa, 

with red tides of GonYaulax srindleyi, has assemblages of that cyst 

(Operculodinium centrocarpum), together with Spiniterites species 

and Protoperidinium cysts. Common to all three regions are high diatom 

abundances together with the latter two cyst types dominating the 

sediment assemblages. 

The incompleteness of cysts' representation of thecate communities 

is clearly shown in this study. Cysts present a highly biased record 

of the overlying plankton due to different encystment rates, transport 

of cysts and thecae away from their sites of production, dilution 

and burial by of sediments and destruction by sediment-cyst contact. 

There is a need, especially in shallow nearshore environments, for 

extensive sampling and .1n .w..t.u. studies of cyst production. fate and 

deposition. 

The abundances of the major groups of dinocysts deposited in 

varves varies annually related to advection and upwelling strength 

and El Nino related phenomena. The cysts of Gonyaulax polYedra and 

.Q,. spinitera both responded positively to well documented anti-el 

Ninos, where current strength and upwelling are enhanced. In the 

case of the bloom-forming .Q,. polyedra, peaks in cyst deposition can 

be followed by blooms of thecae in subsequent years. There is a weak 

indication that some warm-water cysts, e.g. Polysphaeridium zoharyi, 

may be more abundant during El Nino years but because most tropical 

and oceanic dinoflagellates are not cyst-formers a strong sediment 

signal is not seen during EI Ninos. 
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Appendix 1. University of Saskatchewan Palynology numbers and original 
sample numbers and institution. 

1 - University of Southern California; 
2 - University of Washington; 
3 - Scripps Institution of Oceanography; 
4 - Friday Harbor Laboratory, San Juan Islands; 
5 - Oregon State University. 

Univ. of Sask. 
Number 

Original 
Number 

Univ. of Sask 
Number 

Original 
Number 

51 25596-1 21 Shoal Bay-4 
52 27144-1 22 East Sd.-4 
53 24145-1 23 Fish. Bay-4 
54 24282-1 98 BAP82GC97-5 
55 25594-1 09 BAP82GC94-5 
56 27147-1 25 BAP82GC98-5 
57 27070-1 75 BAP82BC 9-5 
58 27068-1 76 BAP82BC17-5 
59 24176-1 77 BAP82BC 3-5 
60 24177-1 78 BAP82BC33-5 
61 24200-1 87 BAP82BC77-5 
62 25478-1 88 BAP82BC10-5 
63 25543-1 89 BAP82BC19-5 
64 25990-1 90 BAP82BC85-5 
65 25993-1 91 BAP82BC79-5 
66 26000-1 92 BAP82BC72-5 
67 27197-1 96 BAM80BC 9-5 
68 27221-1 97 BAP82BC90-5 
69 27225-1 99 BAP82BC88-5 
70 27186-1 00 BAH80BC26-5 
71 27208-1 01 BAP82BC26-5 
72 27215-1 02 BAP82BC61-5 
73 W7802-5 03 BAH80BC 1-5 
74 W7710a-11-5 04 BAM80BC40-5 
82 W7606/51-2 05 BAP82BC27-5 
83 W7606/67-2 06 BAP82BC63-5 
84 W7606/93-2 07 BAP82BC69-5 
85 W7606/57-2 10 BAP82BC52-5 
86 TT110/28-2 11 BAP82BC 2-5 
16 Ant 4-3 12 BAP82BC53-5 
17 Ant 6-3 13 BAP82BC11-5 
18 Ant 9-3 14 BAP82BC83-5 
19 Ant 12-3 15 BAP82BC41-5 
20 Ant 24-3 26 BAP82BC30-5 
28 SABA79 Bx4-3 27 BAP82BC13-5 
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Appendix 2. Basic dinoflagellate life cycle. 1. Motile, haploid, 
vegetative stage. 1A. Temporary or pellicle cyst (non-fossi
lizable, vegetative). 2. Gametes. 3. Gametes fused to form 
diploid planozygote with two longi tudinal flagella. 4. Cyst 
formation within planozygote. 5,6. Diploid resting cyst (fossil
izable hypnozygote or hypnocyst). 7. Excystment through archeopyle 
to form haploid, motile, vegetative stage (if meiosis has occurred 
in the cyst) or 8. Planozygote, followed by meiosis to produce 
haploid, vegetative stage. After Dale, 1983. 
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