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ABSTRACT

The phytoplankton of Gales Creek, a small shallow coastal plain
estuary near Morehead City, N. C., was studied for over a year.
Special emphasis was placed on determining the species composition
and distribution patterns of the phytoflagellates and in measuring
environmental factors which may influence the presence and distribution
of these species.

Thirty cruises were conducted in 1965-1966 at 2-3 week intervals
at 6 stations along the mile length of the estuary. Environmental
parameters investigated included temperature, salinity, oxygen, light
penetration, pH, and the nutrients nitrate, nitrite, ammonia, total
nitrogen, dissolved inorganic phosphate and total phosphorus. Species
composition and seasonal distribution were determined qualitatively
for diatoms form perserved samples, and quantitatively for phyto-
flagellates from live samples.

A total of 187 diatom taxa were identified from the estuary.
Diatoms exhibited a classic bimodal pattern of seasonal abundance
with maxima in spring and autumm.

A total of 152 species of phytoflagellates In 49 genera and 9
clagses of algae are described amd figured, including 32 species,

4 varieties and 6 combination new to science.

Phytoflagellates dominated the phytoplankton throughout most of
the year, The mean yearly standing crop for phytoflagellates was only
5 x 10S cells/liter. Low densities are attributed to low nitrate
concentrations and high flushing rate of the estuary. Phytoflagellate
seasonal distribution was bimodal with moderate densities in spring
and maximum cell concentrations in late summer. A majority of the

dominant phytoflagellates were eurythermal and euryhaline species.
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INTRODUCTTON

An estuary is defined by Pritchard (1967) as "a semi-enclosed
coastal body of water which has a free connection with the open ocean
and within which sea water Is measurably diluted with fresh water derived
from land drainage'. Generally an estuary is a place where the tide of
the ocean meets the current of the river.

Shallow well mixed estuaries are found along coast lines with a
wide coastal plain, as in the southeastern United States. One form is
the bar-built estuary, or lagoon, a shallow embayment cut off from the
sea by offshore barriler islands and sand spits, with inlets connecting
it to the sea, and receiving fresh water from one or more rivers.
Pamlico Sound and Albemarle Sound in North Carolina are the largest
examples of this type of estuary in the world.

The other form is the classical estuary known as the drowned river
valley or coastal plain estuary. It 1s typical of the eastern seaboard
of the United States, but is found all over the world. With the sea
having risen around 100 meters in the 10,000 years since the last
glacial period, the valleys of rivers flowing into the sea have become
flooded, producing estuaries that range in size from the smallest of
river mouths up to such notable examples as Chesapeake Bay and Delaware
Bay.

The principal feature of an estuary is the exceeding variability of
the environment. Fresh water inflow from land drainage mixes with the
salt water inflow from the sea, causing extreme fluctuation in salinity.
The shallowmess of coastal plain estuaries allows wind action and tur-
bulent currents generated by tide and river flow to greatly influence
the circulation. It also promotes heat exchange that permits a rapid
fluctuation of water temperature over a wide range. A shallow estuary
is also optimal for rapid cycling of nutrlents between organic and in-
organic phases, with the result that phytoplankton blooms are more fre-

quent and lower in density throughout the year than In most other
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aquatic environments. Such properties produce an area of potentially
high primary productivity, as evidenced by the substantial fisheries for
oysters, crabs, shrimp and fish supported by estuarine systems along the
eastern seaboard of the United States. Because of the complexity of the
periodically changing parameters in the estuary its population is limited
to organisms, including phyteplankton, having a wide range of ecological
adaptations.

Investigations on phytoplankton of the North American coast include
a number of studies of estuarine phytoplankton; however, these have been
largely confined to regions lying to the north of the Carolinas, and in-
clude the Bay of Fundy (Gran and Braarud, 1935), the Gulf of Maine
(Bigelow, 1926, and Lillick, 1940), the Woods Hole area (Lillick, 1937,
and Hulburt, 1965a), Narragansett Bay (Smayda, 1957), Block Island Sound
(Riley, 1952), Long Island Sound (Conover, 1956), Moriches Bay and Great
South Bay, L. I. (Ryther, 1954), Raritan Bay (Patten, 1962), the
Patuxent River, Md. (Morse, 1947), the York River (Fournier, 1966), the
James River (Marshall, 1967), and lower Chesapeake Bay (Wolfe, et al.
1926, Griffith, 1961, and Patten, et al. 1963) and the coffshore waters
of Chesapeake Bay (Cowles, 1930, Mulford and Norcross, 1971).

Investigations on phytoplankton farther south include offshore
work on the Sargasso Sea (Riley, 1957, Hulburt, et al. 1960, Hulburt,
1962, Marshall, 1966 and 1968), the Gulf Stream and coastal waters off
North Carolina (Hulburt, 1967, and Marshall, 1969a), the Florida
Current (Bsharah, 1957), the Caribbean Sea and Gulf of Mexico (Balech,
1967), and inshore studies on Pamlico Sound, N. C. (Hulburt, et al.
1970, unpublished, and Bellis, 1971), the Cape Fear estuary (Carpenter,
1971), and brackish water ponds in Morehead City, N. C. (Campbell,
1971). Productivity studies have been conducted on the Beaufort
Channel (Williams and Murdoch, 1966) and shallow estuaries near
Beaufort, N. C. (Thayer, 1971), and on estuarine waters in Georgia
(Ragotzkie, 1959), but other than the work on the brackish water ponds
ne systematic investigation of estuarine phytoplankton including species
descriptions and illustrations exists for the southeastern coast of the
United States.

0f these phytoplankton studies on the east coast, few have gone

beyond the examination of the diatoms and armored dinoflagellates,
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preservable forms normally ccllected by net hauls. Even so, a number of
investigators have noted the significance of nannoplankton richness
compared to net plankton (Lohmann, 1911, Harvey, 1950, Miller and Moore,
1953, Wood and Davis, 1956, Rodhe, 1958, Yentsch and Ryther, 1959,

Holms and Anderson, 1963), especially in Inshore waters {Gross, et al.
1947 and 1950). This is readily indicated by the considerable abundance
and constancy of unidentified naked microflagellates noted by several
authors: densities of up to 106 cells/liter from early summer to Novem—
ber in Narragansett Bay (Smayda, 1957); 107 cells/liter concentrations
from summer in Long Island Sound {(Riley, 1952), and the observation that
unidentified naked flagellated cells 3-8. long comprise a major group in
coastal Carolina waters (Marshall, 1969a).

The nannoplankton forms recognized to be most important have been
the phytoflagellates, yet, except for the armored dinoflagellates, these
are the very groups about which the least is known. They are difficult
to study because of their motility and fallure to preserve adequately
with present fixatives. Because the phytoflagellates are distributed
through nine different classes of algae, gathering together the perti-
nant taxonomic references alone is a formidable task. In the absence of
systematic work, investigations of the total ecolegy of the estuaries,
so important to an understanding of the productivity of coastal waters,
will continue to be hampered or discouraged at a time when estuaries of
the goutheastern United States are becoming threatened with extinction
by the actions of man through ceoastal development and water pollution.

The decisilon was therefore made to undertake the investigation of a
southern coastal plain estuary unaffected by pollution, with the purpose
of determining the species composition of the phytoplankton with special
systematic emphasis upon the phytoflagellates, their distribution
patterns through the year, and of assessing certain measurable environ-
mental parameters which may be influencing the composition and
distribution of these species.

A survey of the estuaries accessible from the Institute of Marine
Sciences in Morehead City, N. C., the marine laboratory of the University
of North Carolina, led to the selection of Gales Creek, a small natural
estuary with a diverse community of phytoflagellates. This estuary was

found to be ideal for study by an individual researcher with modest
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equipment., The study was begun in 1965 and was continued for almost

two years.



GENERAL CHARACTERISTICS

Location and Topography

Gales Creek is a small shallow natural estuary, located 10 miles
west of Morehead City 1in Carteret County, North Carclina. Small tribu-
taries flowing into Gales Creek drain a five square mile low-relief area
of Croatan National Forest. The creek then flows into Bogue Sound, a
25-mile long embayment connected with the sea at its eastern extremity
through Beaufort Inlet, and at its western end through Bogue Inlet (Fig.
1}). The creek enters the sound at a point midway between these two in-
lets where the sound is over two miles wide.

Saline water from the sound influences the creek to a distance of
two kilometers from the mouth, but beyond this the flow of fresh water
and the presence of shallow si1lls in the creekbed normally prevent fur-
ther salt-water intrusion. Though Gales Creek is part of the much
larger estuarine system of Bogue Sound, it is in the creek that one finds
the variations in salinity characteristic of c¢lassic estuaries. The
sound, on the other hand, maintains comparatively higher average salin-
ities and a narrower range of fluctuation in salt concentration through-
out the year (Willlams, et al., 1967).

The Gales Creek estuary is of classic form, with constricted mouth,
broad mixing basin, tapering middle reaches, and headwater regiomn, (Fig.
2). A few hundred meters from the mouth the estuary is further con-
stricted artificially to a bredth of only 27 meters by embankments for a
highway bridge. The large mixing basin beyond is over 200 meters broad.
From here the estuary is deflected to the west, narrowing to 100 meters
in the middle reaches, where it is again deflected north. In the upper
reaches where the estuary is less than 10 meters in bredth it is joined
by & small creek, the East Prong, its only major tributary. The estuary
becomes more constricted and meandering as it arrives in the headwater

region, where most of the fresh water enters. Beyond this point the



FIGURE 1

Map indicating the location of Gales Creek on Bogue Sound
10 miles west of Morehead City in Carteret County,

North Carolina. Scale 1" = 3 mi.
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FIGURE 2

Map of the Gales Creek estuary, showing location of the six
sampling stations selected for the investigation. Modified from
U. 5. Coast and Geodetic Survey Map of Salter Path Quadrangle,
Carteret County, North Carolina, 1951 edition, and U. S. D. A.

aerial photograph BUS-3EE-170, 1-21-64.
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stream becomes too narrow and choked by bushes and fallen trees to be
navigable by boat.

The cpen water of Gales Creek covers an area of approximately
217,000 square meters, and is bordered by marshland of somewhat less
area. At low tide, extensive mudflats off the mouth and narrow muddy
areas along the creek are exposed, though much of the estuary's marsh-
grass shoreline is steep enough that tidal fluctuation does not change
the shoreline position.

The average depth of Gales Creek is approximately (.65 meters and
the average channel depth is 0.78 meters. Depth measurements coupled
with a calculation of the approximate mean tide lewvel has enabled the
construction of the depth profiles presented in Fig. 3. In comparison,
the average depth of Bogue Sound is 1.5 meters at mean tide, The volume
of the estuary at mean tide is estimated to be 140,000 cubic meters.

Of the accessable estuaries near Morehead City, Cales Creek is the
only one comparatively free from the influence of man. The others are
either built-up with houses, utilized as yacht basins, or surrounded by
agricultural land, all sources of possible pollution. While there are a
number of houses by Bogue Sound near the mouth of Gales Creek, only a
few are presently on the creek itself. It was my hope in selecting this
location that this nicely defined natural estuarine system will re-
main in its relatively unspoilled state for the benefit of future

researchers and nature lovers.

Soils and Sediments

Gales Creek cuts through a soill type classified as Klejleon, a mod-
erately well to somewhat poorly drained gray-surfaced sandy soil with
little silt or clay in the sand beds which formed the parent material.
Surface runoff is slow, with gradients less than 2 or 3%. This soil
supports medium-dense open stands of mixed pine and hardwoods. The
fresh water creeks flowing into the estuary also drain a somewhat dif-
ferent soil type to the north, the nearly level Lynchburg-rains, a
poorly drained gray sandy loam soil with a gradient under 2%, that is
derived from beds of sand and clay with little silt. This soil supports
the growth of mixed hardwoods. Both of these soils through which Gales
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Creek flows have their origin in sedimentary marine deposits which were
laid down before the retreat of the sea during the ice ages (Lee, 1955).

After heavy rains, rapid runoff from these sandy soils in the sur-
rounding mixed pine and hardwood areas contributes sand and humus to the
estuary. At other times the more steady seepage from the swampy areas
provides a continuous supply of water stained orange to brown with humic
substances, the "black water" of swamp forests, which contains a variety
of dissolved and finely particulate organic matter. Some of the fine
particles and dissolved organic compounds precipitate on contacting the
salt water in the estuary, and these particles along with larger
material washed from the land and marsh settle onto the sandy bottom to
form a flocculent ooze which 1s easily disturbed by currents created by
tides, or rapid stream flow. Below the bottom surface, the sediments
are usually quite reducing, and as in the richer peaty muds near the

marshes, they may emit the odor of hydrogen sulfide when exposed.

Climate

The Morehead City and Bogue Sound area have a more mild climate
than is found inland In Carteret County, for extremes of temperature are
dampened by the slower heat exchange of sound and sea. The mean annual
temperature in Morehead City is 16.9°C (62.4°F), with the coldest month,
January, averaging 6.1°C (43.4°F) and the warmest month, August,
averaging 26.2°C (79.1°F). Periods of below-freezing temperatures are
usually of short duration, and snow is rare. Only once during the study
was Gales Creek found covered by a thin layer of ice, a time when cold
weather coinclided with high freshwater inflow. (The seasonal variation
in air temperature is presented in Fig. 6A.)

The annual precipitation for the area averages 150 cm (59 inches)
with the heaviest rainfall normally occurring in late spring and early
summer. Generally early spring and autumn are the times of least rain-
fall, with autumn usually characterized by long periods of clear dry
weather. The summer rains are largely in the form of showers which have
very local influence. 1In 1966, the total precipitation was slightly
above average at 155.5 cm (61.2 inches) while 1965 had an annual rain-
fall 1/3 below average, only 98.4 cm (38.7 inches)., (The seasonal dis-
tribution of precipitation both within one week and within one day
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FIGURE 3

Transverse and Mid-channel Depth Profiles for Gales Creek,
from the mixing basin to the headwater region. Numbers indicate
location of the six sampling stations selected for the investi-

gation. Depths are from mean tide level,
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before the time of sampling is presented in Fig. 5A.) All rainfall data
were recorded by the weather station in Morehead City. No doubt some
discrepancies exist between precipitation occurring there and at the
creek, especlally at times of gummer thundershower activity.

The prevailing winds are from the northeast 1in September and Octo-
ber, from the northwest in November, December and February, and from the
southwest during the remainder of the year. Wind velocities are higher
than those found inland, and often have strong effects on water level
and currents in broad shallow Bogue Sound. Gales Creek is less affected

being protected by surrounding vegetation,

Tides and Currents

The water level in Gales Creek is a product of the combined influ-
ences of runoff from surrounding lands, winds blowing across shallow
Bogue Sound, and the tides.

Tidal impulses occur twice a day, and enter Bogue Sound through
Beaufort Inlet and Bogue Inlet, each a distance of about 13 miles from
the mouth of Gales Creek, but with the greater influence being exerted
from the broader Beaufort Inlet end. The sea water off these inlets is
arcund 3§Vbo salinity, while the average for Bogue Sound off Gales Creek
during the study was 28.6%/00 salinity.

The mean range of tidal fluctuation at Morehead City, located near
Beaufort Inlet, is 0.85 meters, while at Bogue Inlet it is only 0,67
meters. Spring tide ranges are 1.04m to the east and 0.79m to the
west. The tide is delayed 1/2 hour at Bogue Inlet from that at Morehead
City (U.S. Coast and Geodetic Survey, 1966).

During the study, Gales Creek exhibited a mean tidal fluctuation of
around 0.3m with no observed single fluctuation exceeding 0.4m. The
tide cycle was normally delayed about three hours from that at the in-
lets. This lag could be strongly affected by the direction and velocity
of the wind, and sometimes was delayed up to five hours.

The difference between the highest high tide observed and the
lowest low tide recorded during the study was about 0.7m due to the
effects of wind action on Bogue Sound. Steady winds with an easterly

component tend to pile water up against the more constricted western end
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of the sound, raising the water level in this area. Strong winds
blowing across the 2 1/4 miles of open shallow water towards the mouth
of Gales Creek pile water into the creek itself, thereby also raising
the base level of the tides. Winds blowing in opposite directions from
these to some extent have the opposite effect of lowering the base level
of the creek water. Another contributing factor is flooding from run-
off after heavy percipitation. During one cruise, the continuing creek
runoff from a 6.5 cm rainfall the previous day was enough to add 5 cm to

the normal height of the high tide.

Flushing Rate

The calculated volume of water exchanged during a tidal fluctua-

tion of 0.3 m in the creek is approximately 60,000 m3. With total vol-~

ume of the estuary only 140,000 m3, this makes an exchange ratio of
0.43. Ketchum, 1954, states that local plankton populations can main-
tain themselves where exchange ratios are 0.5 or less, but populations
at this level must double with each tide cycle in order to stay con-
stant. In such a situation, only the fastest growing species would be
expected to survive as endemic species, while the rest of the plankton
community would relfect introduction from sound and sea. Gales Creek,
however, has a narrow mouth and a rather narrow channel in the upper
reaches protected from the wind by surrounding vegetation. Both tide-
and wind-induced circulation are consequently lessened, and the de-
creased mixture of waters up- and down-stream was evidenced by the high
degree of stratification normally found in the water column in the upper
reaches (Fig. 9). 1t is primarily the water in the mixing basin portion
that 1s regularly exchanged with the tide. 1In times of high runoff, the
upper reaches may be completely flushed, but otherwlse water masses in
these regions merely move back and forth and are only partially mixed
with sound water at each tidal exchange.

Added to this is another factor of bioclogical significance, the
retention of water masses in 'pools" between shallow sills in the upper
reaches (Fig. 3), where denser more saline water below 0.5 m is ex—
changed only during heavy runoff. One such area was the result of an

uncompleted Boy Scout swimming hole project which created a basin
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100 m x 1 1/2 m deep in the upper middle reaches of the creek (Station
9 in Figure 2). Under these conditions, there is apparently enough
retention time for significant communities of plankton to remain estab-

lished despite the high calculated exchange ratio.

Benthic Organisms

During the colder months, there were no conspicuous growths of
macroscopic algae on the muddy bottom of the estuary. When the water
in the lower reaches was clear, it revealed only large expanses of mud
with scattered castings from various infauna and different sized holes
created by blue crabs. A few small scattered clumps of oyster shells
were found near the margins of the mouth and mixing basin regions.

In warmer months, growth of certain benthic algae common in Bogue
Sound also occurred in the lower regions of the estuary. Most of these
were unattached and drifted about the muddy bottom with the currents.
They probably represent either fragments or whole plants which have been
introduced from the sound by wind and tidal currents.

The dominant benthic alga encountered in the summer was Gracilariag
verrucosa (Huds.) Papenf. Other common species included, in approxi-
mate order of abundance, Hypnea musciformis (Wulf.) Lamour., Dictyota
dichotoma (Huds.) Lamour., Ectocarpus siliculosus (Dillw.) Lyngbye,
Laurencia poitei (Lamour.) Howe, Codium decorticatum (Woodw.) Howe,
Ulva lactuca L., Chaetomorpha sp., Rhizoelonium riparium (Roth.)
Harvey, and Lyngbya confervoides Ag.

Benthic diatoms mixed with sand grains and detrital particles were
found in the surface layer of bottom sediments from the lower regions
of the estuary during most of the year. Thin diatom layers alse oc-
curred on algae, oyster shells, submerged marsh vegetation, and other
detritus. These diatoms may become disturbed by water currents and
appear in phytoplankton samples.

Beds of the submerged aquatic Halodule beaudettei (Den Hartog) Den
Hartog, and its relative, Zostera marina L., the eel grass, are found
in Bogue Sound off the mouth of Gales Creek, but do unot appear in

Gales Creek.
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Marsh Vegetation

The gradient in salinity from fresh water in the headwaters to
saline water at the mouth of Gales Creek is reflected in the marsh vege-
tation flooded by these waters at high tide.

In the headwater region, a freshwater creek marsh type of vege-
tation is present which includes Cladium jamaicense Crantz (saw grass),
Setaria magna Grisebach (marsh foxtail grass), and a few individuals of
Typha anuistifolia L. (narrow-leaved cattail) growing along with
Erianthus giganteus (Walter) Muhl. (giant beard grass) and species of
Panicum, Andropogon, and Polygonum. This vegetation becomes replaced
in the upper middle reaches by extensive areas of the black rush,
Juncus roemerianus Scheele, the dominant species of brackish marshes in
the South. This black rush zone extends to the mixing basin area but
is found progressively further back from the creek where flooding by
saline water is infrequent. Mixed with the black rush was Aster
tenui folius L., patches of Scirpus americanus Persoon (chair-maker's
rush), and Fimbristylis epadicea (L.) Vahl. At slightly higher eleva-
tions in the black rush zone a variety of plants may constitute a
definite ghrub zone, including Iva frutescens L. (marsh elder),
Baccharis halimifolia L. (silverling), Myrica cerifera L. (wax myrtle)
and Hibiscus moscheutos L. (rose mallow).

In the middle reaches Spartina alterniflora Loisel. (salt-water
cordgrass) first begins to appear in patches just along the banks, but
from the lower middle reaches to the mouth of the estuary this species
becomes a continuous and widening band forming the saltwater marsh be-
tween the creek and the black rush zone. Both the saltwater and
brackish marsh build up a black organic peaty substratum which is re-
ducing in nature and may smell of hydrogen sulfide when disturbed.

In the region of the mouth peat accumulation is prevented by the
exposure of the marsh to tidal currents and waves. On the sandy sub-
strata found here the zonation beging with the galtwater cordgrass from
the low tide level, and, moving up through the marsh, is replaced by
Distichlis spicata (L.) Greene (saltmarsh grass) along with Spartina
patens (Ait.) Nuhl. (saltmeadow cordgrass) and in some cases Borrichia
frutescens (L.)DC. (sea oxeye daisy). Beyond the range flooded by nor-
mal sound tides are usually found marsh elder, wax myrtle, silverling

and other shrubs.



18

On the higher land along the estuary, backing up the shrub zones of
either the saltwater, brackish water, or fresh water marshes, are found
many typical specles of coastal plain and maritime forests in the South,
such as Nyssa sylvatica var. biflora (Walter) Sargent (black gum),
Liquidambar styraciflua L. (sweet gum), Acer rubrum L. {(red maple),
Persea borbonia (L.) Sprengel (red bay), Magnolia virgimiana L. (sweet
bay), Ilex vomitcria Aiton (yaupon), Ilex opaca Alton (holly), Guercus
lyrata Walter (overcup oak), Quercus stellata Wang. (post oak), SJuercus
laurifolia Michaux (laurel oak), and Juniperus virginiana L. (red cedar).
The most conmspicuous tree specles, however, is Pinus taedg L. (loblolly
pine). Most of the area around the creek is part of Croatan National
Forest, but shows evidence of logging for pine, and though the hard-
woods appear to be filling in around the creek, many large pines still

remain standing above the hardwood understory.



MATERIALS AND METHODS

Field Methods

The preliminary surveys of Bogue Sound estuaries during spring and
summer of 1965 included sampling from the shores of Gales Creek. 1In
August, 1965, purchase of a shallow-draft 9-foot aluminum jon boat and
3 hp. outboard motor made "cruises" up the estuary possible. The creek
was charted, measured for depth (see Fig. 3}, and locations for 15
preliminary sampling stations were selected. Temperature and salinity
measurements were begun at this time using an Industrial Instruments
RS-5 conductivity-measuring electrodeless salinometer with thermister.
Secchi disc depths were also recorded, and water samples were taken for
the determination of species composition and distribution of
phytoflagellates.

In September, 1965, plankton net hauls were added to these acti-
vities. A #20 net was used, and hauls lasted 10 minutes. One haul was
made on each cruise from the lower middle reaches to the mixing basin
area.

Acidity measurements in the field using pH paper were unsuccessful
in brackish water, so beginning in October pH measurements were made in
the laboratory. The collecting of samples for nutrient and chlorophyll
analysis was also begun in October.

In December, six of the original 15 stations were chosen for fur-
ther study. These were #2 in the mixing basin, #5, 8 and 9 in the mid-
dle reaches, and # 11 and 15 in the headwater region (Fig. 2). The
station at the mouth was eliminated because at times data collecting
was made very hazardous by waves off the sound threatening to inundate
the boat. Oxygen readings were begun in December using a Yellow
Springs Instruments polarographic electrode.

To assure that all measurements and samples were taken from the

same stratum of the water column, the salinometer probe with temperature
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sensor, the oxygen electrode, and a plastic tube with a screened
opening for drawing up water samples were mounted to terminate together
at the end of a long pole bearing short crosspieces at 0.1m intervals.
The pole could then be hung vertically on another pole lying across the
boat's gunwales which made possible the collecting of data and samples
at 0.lm intervals from surface to bottom. Water was drawn up the tube
and into 250 ml sample jars with a suction hand pump (Fig. 4). Enough
water was drawn through the tube and discarded with each sampling to
ensure that only water from the desired depth filled the sample jar.

The use of thils compound probe provided an immediate picture of
temperature, salinity, and oxygen stratification at each station. From
this information, the most promising depths for plankton sampling were
selected, which normally consisted of a surface sample, a near-bottom
sample, and one or two samples in between.

Experimentation with a number of methods for determining plankton
standing ¢rop resulted in the development of a method which enabled both
identification and enumeration of phytoflagellates in each water sample.
This method was first applied on Cruise #8 in December, 1965.

With all hydrographic sampling methods thus established, the study
was continued for one year, with cruises normally spaced at intervals
of 2 to 3 weeks. A total of 29 cruises were made, with one added
sampling taken without hydrographic data in April, 1967. Cruise dates
and data collected during each cruise are presented in Table 1. TField
equipment used for the study is illustrated in Fig., 4. A summary of

the methods used in the field is presented below:

Summary of Fleld Methods

Cruises -~ 29 separate sampling trips were conducted at approxi-
mately bi-weekly intervals, between August 1965 and November
1966.

Stations -- Six stations, positioned along the estuary [rom the
mising basin to the headwater region, were oceupied on each

cruise whenever possible,
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FIGURE 4

Field apparatus for Gales Creek Study. Illustration

of equipment used for collection of data from the estuary.



L4N NOLMNYTL oc#

{JajsTwiayy pue

apol3oata STTOD UOTAIDNPUTL)

NOLYNYTd Q3ANaSTUd ANy _

s3unod (1D

uaddxo
agoad

sTydeadogeiod
Iajawouyres

agna k \

axesuy P o H._g

SNLVUYddY a7dumes Pt
NOILONS

+dwen setoadg
SNOILYAYFSHO
NOLMNYTd FAITT

Hd

e-114ydoaoyn Ajyutyes

PHYILTIA A3 TATIONPUOD
d=23eydsond adnjeladwas
MA1ANW
N=% TU O Wy HILAWONITYS
NIDAXO

N=33TJI3 TN
N=23el3IN
FYdIvVA OEHILIIA

d-Teaol STEA
~I3JUT
- G
N~Tejol Hi1'o
TATHALTIANND

m’ > >

TTAHJOYOTHD SITdWYVS Or D Q NOILDONIL1XA3

SIN3IYLAN NOLANV1dOLlAHd N3IDAXO dnivaiIdwil ALINITIYS LH91

Aanls X33y S$31veo 404 SANlviavddeyv alild



24

Hydrographic Sampling

Temperature -- Measured at (.lm intervals to bottom at each sta-
tion, using thermister in salinometer probe.

Salinity -- Measured at O.lm intervals to bottom at each station,
using a conductivity-measuring salinometer,

Oxygen -~ Measured at 0.lm intervals to bottom at each station
using a Y. 8. I. polarographic oxygen electrode.

Light —- Secchi disc depth was measured at each station, extinc-
tion coefficients were then calculated and the depth of 1% in-
cident light (compensation point) calculated.

pH - Measured from live plankton water samples as soon as
possible at laboratory.

Nutrients and Chlorophyll -- Four l-liter water samples were col-

lected in polyethylene jugs at the following stations: a.) in
mixing basin (#2), next to bottom, for nutrients entering from
the sound; b.) in the headwaters (#15), at the surface, for nu-
trients flowing 1n with fresh water; c.) at surface and d.) next
to bottom in upper middle reaches (#9), for nutrients from
marsh and estuary. Samples were taken to the Institute of Ma-
rine Sciences 1in Morehead City where 500 ml of each sample were
Millipore filtered to collect chlorophyll-containing cells, and
the 500 ml filtered portion, a 250 ml unfiltered portion (both
in polyethylene bottles) and the Millipore filter from each
sample was stored at freezing temperatures for future analysis.

Biological Sampling

Plankton Net Sample —- One 24 cm-diameter #20 plankton net sample

(average pore size 67x58 u) was taken by towing fer 10 minutes
at slowest outboard motor speed between stations #5 and #2.
Plankton was ceollected in a 12 ml vial and preserved with borax-—
neutralized formalin.

Live Plankton Samples -~ Three or four 250 ml samples between sur-

face and bottom were drawn by suction hand pump at each station.
Jars were capped, kept cool and transported to Chapel Hill for

plankton species enumeration, cell counts and culturing.
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Laboratory Methods

Nutrients: Equipment and proceedures for seawater analysis were
those used and, in some cases, modified by Dr. William Woods at the
Institute of Marine Science in Morehead City for his studies on cocastal
waters of North Carolina. Gales Creek nutrient samples were analyzed
under his guidance in his laboratory. An outline of the methods and
reagents used 1s presented with his permission in Appendix A. All the
methods are colorimetric and involve absorbency measurements using a
Beckman DU spectrophotometer with L cm or 5 cm cells.

Nitrite-nitrogen was determined from the filtered water samples by
the diazotization method of Rider with Mellon (1946). The same method
was used for nitrate-nitrogen analysis after first reducing the nitrate
to nitrite as described by Mullin and Riley (1955). Though treatments
precipitated out most humic substances, values for nitrate and nitrite
in more heavily tannin-stained samples may have been high due to absorb-
ence by the yellow-brown water in the wavelengths used for the analyses.

Ammonig-nitrogen was separated from the samples by steam distil-
lation and developed for colorometric measurement according to
T. P. Riley's (1953) method with modifications as recommended by
Crowther and Large (1956). Total nitrogen determination involved a
wmicro-Kjeldahl digestion, modified from Woods (1965), in which organic
nitrogen from the unfiltered water samples was converted to ammonia and
assayed. The wmethods for determining ammonia and total nitrogen were
the least satisfactory analyses. However, a method which does not yield
the high blanks and rather erratic results experienced here was not yet
available at the time of this study.

Inorganic phosphate was determined from filtered samples by the
ascorbic acid methods of Greenfield and Kalber (1954) with slight modi-
fications by Woods (see Appendix A). Unfiltered samples were digested
with perchloric acid according to Hansen and Robinson (1953) and, with
all organic phosphorus converted to phosphate, this was then develcoped
as in the preceeding method to yield Total Phosphorus.

Organic nitrogen 1s assumed to be the difference between total
nitrogen and the sum of nitrate, nitrite, and ammonia nitrogen, while
organic phosphorus is assumed to be the difference between total phos-

phorua and phosphate phosphorus. No attempt was made to differentiate
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between the soluble and particulate forms of organic nitrogen and

organic phosphorus.

pH: As soon as water samples for plankton analysis arrived at the

laboratory, pH was measured with a Fisher Accumet pH meter,

Chlorophyll: Millipore filters containing particulate matter
filtered from 500 ml of sample water were dried by freezing, then ex-
tracted in 5 ml of 90X acetone according to Creitz and Richards (1955)
from absorbency measurements made with a Beckman DU spectrophotometer.
Chlorophyll concentrations were calculated according to the method of
Richards with Thompson (1%52).

Net Plankton: Borax-buffered formalin-preserved net plankton

samples were cleared and prepared as permanent mounts on slides for
determination of diatom species and their seasonal distributionm. Prep-
aration and identification of diatoms was carried out at the Tnstitut
for Marin Biologi, University of Oslo, under the guidance of

G. R. Hasle. The method of preparation is provided in Appendix B.

Live Plankton: A 40 ml aliquot was drawn from each well shaken

250 ml sample, placed in a conical centrifuge tube, and concentrated by
centrifugation at 825 g for 10-15 minutes. The supernatant was then
carefully drawn off, and the phytoplankton resuspended in the remaining
drop. The drop was then transferred to a clean slide, spread and
stirred, and covered with a square 22 mm coverslip. With the right
sized drop, about 0.05 ml, the sample always spread just to the edge of
the coverslip.

The slide was then examined live for phytoflagellates under a
Zelss GFL compound microscope equipped with phase contrast, surveying
the slide and counting large species at 125x, and using selected tran-

sects to count moderate sized species at 500x and small specles at
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1250x. The higher magnifications were alsc used for careful identifi-
cation and measurement of all species. From knowing the number of
fields of view across the coverslip for each objective, the number of
transects counted, and the original volume of sample concentrated under
the coverslip, the number of cells/liter in the original sample was cal-
culated. Measurements and colored drawings of each species were kept

on 3 x 5 cards for quick reference, and photographs were taken using
tri-X film and a Zeiss strobe attachment for exposures at 1/1000 sec.

to prevent blurring of moving cells and flagella.

Cultures: Sterlle solutions of a modified soll-water-extract me-
dium, Fgyn's Erd-Schreiber (Provasoli, McLauchlin and Droop, 1957),
were lnnoculated with varying aliquots of plankton-containing water from
the live samples, and these crude cultures grown in 10°C and 20°C con-
stant temperature rooms under fluorescent lights. Cultures were

periodically examined and transfers made of interesting species.

Discussion of Plankton Examination Methods

The method finally developed for combined phytoflagellate species
determinations and cell counts was arrived at only after experimenting
with a number of different techniques.

Utermbhl's (1931) sedimentation method using an inverted micro-
scope (Lund, Kipling and Le Cran, 1958} is only satisfactory for pre-
servable plankton such as the larger diatoms and armoured dino-
flagellates. The same may be said for Holmes' (1962) method using a
molecular filter, which invelves killing and fixing a plankton sample
with formalin or Lugol'e solution and then filtering, followed by
washing, dehydrating, staining with fast green, clearing, and finally
mounting the molecular filter on a slide as a permanent mount. Gales
Creek microflagellates prepared by this method lost most of their identi-
fying structures when killed, while the stain concealed other details
and the multiple filtrations further damaged the delicate cells.

There 1s still no fixative which preserves all species of phyto-

plankton in thelr natural form. Formalin, TLugol's solution, osmic acid
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and glutraldehyde all caused enocugh distortion of cells to make identi-
fication impossible, especially in small unarmoured dincflagellates
where position of girdle and sulcus is very important for classifica-
tion. At present the only way to work with delicate phytoflagellates
taxonomically is with living material. This imposes great restrictions
on such studies as the samples must be observed within a reasonable
time after collection before too many of the cells have begun to die.

Ballantine (1953) compared a number of methods for concentrating
living cells and concluded that the most satisfactory one was centri—
fugation. She found that the great majority of celle were sedimented
after 15 minutes at 358 g, and the results from counting were comparable
to other less rapid and more complex methods.

Because some plankton samples from Gales Creek were often rather
low in cell concentrations, 40 ml centrifuge tubes rather than the usual
12 ml tubes were used. It was found that a percentage of the centri-
fuged cells would not get transferred because they had become stuck to
the sides of the centrifuge tube or the transferring pipette, and a
smaller percentage would be lost in the discarded supernatant. For
some extreme examples, a sample of Olisthodiscus with an average cell
volume of 700 u? which was centrifuged only 10 minutes at 670 g left
11.5% of the cells in the supernatant and 17.5% on the sides of the
tube, and comparable figures for a Hemigselmis sample with average cell
volume of 40 u3 were 17.5% and 26%. This problem of adherance to the
glass surfaces is not overcome by longer centrifugation time and will
always gilve an error on the low side in standing crop estimates, with
the error being greater for smaller cells.

Estimating phytoflagellate standing crop by live cell counts is
also made difficult because the cells in the samples are usually quite
motile. Methods for immobilizing the cells (F.W. Jane, 1942), such as
use of menthol crystals, glycerin, or methyl cellulose, were rated un-
satisfactory for the Gales Creek study because some delicate species
tended to drop their flagella when they came in contact with these
foreign substances. Use of vital stains was also found of little value
in the study because most of the species were pigmented forms.

The use of constant volume plankton chambers for estimation of cell
concentrations, such as the rectangular chambered Sedgewick-Rafter cell,

the smaller circular-chambered Palmer cell, or the haemocytometer, all
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have the distinct disadvantage of not permitting oll-immersion examin-
ation of small cells because of teoo great a chamber depth.

The only method found to be at all satisfactory in working with
phytoflagellates was also the simplest - to place a concentrated
plankton sample on a slide under a square coverslip and observe the
plankton under the compound microscope as the slide slowly dried out.
First the cells were cbserved in the freely motile state under low power,
then as the decreasing volume became more restrictive to flagellate
movement the undistorted general morphology of the cells was noted with
the high-dry lense. Then while the coverslip pressed down to completely
immobilize the cells, distort them, and often cause them to lose their
flagella, surface structures such as scales or periplast ornaments, and
internal organelles such as plastids, nucleus, pyrenoids, stigma and
other bodies could be observed in greater detail with the oil immersion
objective,

By placing a small enough concentrate of a known volume under the
coverslip, about .05 ml, the water spreads just to the edge of the
coverslip, and from this known area of a known volume a calculation of
the number of cells per unit volume may be made for each species at the
same time the species are examined and identified. Normal procedure
using this method with a slide of Gales Creek material was to count
three transects near the center of the coverslip with low power magni-
fication for larger species while cells were actively moving, and one
transect directly down the center at high dry magnification for smaller
specles as cells slowed down, while examining all new forms in detail
with oil fmmersion objectives. This usually occupied about one hour's
time for each slide, with counts facilitated by use of a seven-tab
laboratory counter for the most abundant species.

In samples with an abundance of particulate organic matter stirred
up from the bottom or washed into the estuary from runoff, some of the
phytoplankters certainly must have been obscured and therefore not
counted.

One problem of using a simple microscope slide in making counts on
a concentrated sample is the error introduced by non-random distribu-
tion of the cells when the whole slide is not counted. It was felt,
however, that the somewhat higher counts which would result from tran-

sects in the central portion of the coverslip would compensate for loss
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of plankton on the surface of the centrifuge tube and transferring
pipette.

Another possible source of error is that estimates of cell number
made while the cells are still motile may be too high because the same
flagellates get counted several times. On the other hand, some sensi-
tive species, as soon as they stop moving, may drop their flagella, die
and disintegrate to such a condition that they are no longer identi~
fiable, which then results in too low estimates of cell number. Dif-
ferences between cell estimates before and after loss of motility were
as much as 42% in an Olisthodiscus and 62% in a Hemiselmis sample over
a period of a half hour. Thus the louger a cell count takes, the lower
the calculated cell number per unit volume may be for the same aliquot.

Changes in cell number in the samples prior to the time of examin-
ation 1s also an important source of error in standing crop determina-
tion. Samples from Gales Creek were normally transported back to the
University 180 miles away and counts begun the next day. Since the pro-
cesses involved in preparation and examination normally required around
an hour and a half for each sample, the complete cruise collection
would take three days to study even if fatigue or other commitments did
not intervene. At different times of the year, selected samples were
counted over flve day periods to determine the degree of change in cell
numbers. 14 species gave an average decrease in density of 78% in §
days due to death, with the greatest decrease at 99.8% for a Gyro-
dinium species, while 6 species showed an average increase in cell num-
ber of 200% due to growth in the sample jars, with the greatest in-
creage at 400% for Hemiselmis. After five days many species died out
completely in the samples, so 1t was very important to complete counts
before this much time elapsed after collection. Thus with present me-
thods there was no way to avold the possibility of errors in standing
crop determinations with as much as *100% or more of the original sam-
ple cell densities,

In addition to these possible sources of error in examining the
samples, there is also the further problem of how accurately and pre-
cisely these samples represent the natural densities in the estuary.

Some motile phytoflagellates from Gales Creek demonstrated move-
ment rates of as much as a centimeter per minute. With the estuary's

shallowness and often high degree of stratification the plankton could
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readily become clumped and layered at favorable locations in the water
mass. How much variaticn this resulting patchiness could produce in
the calculations was tested by examining sets of four samples collected
at 8-minute intervals from each of three different depths at one sta-
tion (#5 on cruise 21). Coefficients of variability (standard devia-
tlon divided by the mean, expressed as a percentage) were calculated
from salinity, temperature and oxygen values in these samples, as well
as for the elight most abundant phytoflagellate species present. The
average coefficient of variability of the eight phytoflagellates was
86.8, a very high value when compared to the average coefficients of
variability for the physical parameters measured from the same sample,
which was only 12.5. As an extreme example of this variable micro-
distribution, an Eutreptia speciles obtained in four samples from near
the lower limit of the fresh water layer varied from 0 to 3000 cells
per liter.

Over longer periods of time during the day, even larger varia-
tions would be expected because of the combined effects of phyto-
flagellate mobility, cellular reporduction and changing of water masses
with tidal flow. During a diel study (cruise 26) single samples from
the same station and depth taken at 3~hour intervals showed a few cases
of rather large fluctuations in cell numbers. Examples over 3-hour
periods during the night include a 340% increase in a (hroomonags count,
from 32,000 to 108,000 cells per liter, and an 875% increase in a
Gyrodiniwn count from 800 to 7000 cells per liter. In both cases, the
counts dropped back to near the original values after another 3-hour
period. _

The problem of patchiness of plankton has been discussed by Cassie
(1963) and Wiebe and Holland (1968). Bainbridge (1957) states that con-
centrated patches of diatoms or flagellates may sometimes occur giving
densities 20 times the normal level. Hasle (1954) concluded from her
work that the ordinary method for determining plankton density with
one sample at each station or depth is satisfactory when the counting
results are treated critically, taking inte account the possible uneven
distribution in nature and the error of the counting method.

In the Gales Creek study the combined sources of possible error

from patchiness, death or growth in the sample jars, loss of cells and



32

non-random distribution resulting from the concentrating and counting
methods were such as to suggest that differences in cell counts below
the level of 2 power of ten are too small to be significant when com-

paring live phytoflagellate samples.



RESULTS AND DISCUSSION

Hydregraphic Characteristics of Gales Creek

Temperature: Average water temperatures for each cruise normally
corresponded rather closely with the alr temperatures at the time of
sampling. Average monthly water temperatures were close to the average
monthly air temperatures recorded by the U.S. Weather Bureau at Morehead
City, though the estuary tended to be a few degrees warmer (Fig. 5A).

In deeper bodies of water such a close paralleling of water and air
temperatures would not occur, but here the shallowness of the estuary

and sound combine with wind- and tide-generated currents to promote rapid
heat exchange. Thus the estuary would provide little escape for organ-—
isms from the cold of winter, where water temperatures went as low as

3°C in February, or heat of summer, where temperatures reached as high

as 34°C in June, giving a water temperature range of 31°C for the year.
For an organism to be indigenous to the estuary, it would either have to
be eurythermic or utilize a resistant dormant resting stage in its life
cycle.

From late autumn to early spring, temperatures averaged aroung 15°C,
rising through the spring to an average between 25°C and 30°C from late
spring through the summer to early autumm, then decreasing rather
quickly in the autumn to the cold season average around 15°C. The
lowest average temperatures occurred in early February, the highest in
August. The average range of temperatures encountered during any cruise
was 5.5°C.

A slight thermocline was sometimes evident, corresponding to the
sharp density gradient that frequently occurred between fresh surface
water and brackish bottom water. The surface water responded more
readily to changes in alr temperature and sunlight than bottom water, so

when the salinity density gradient was great enough the surface water
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FIGURE 5

Seasonal varilation of temperature. Average water temperature
for each cruise 1s plotted, with brackets indicating range of
temperatures encountered. Also included are plots of the
average air temperature for each cruise and the mean monthly
air temperature recorded from Morehead City, 10 miles east of
Gales Creek.

Seasonal variation of Oxygen concentrations. Average oxygen
concentration for each cruise is plotted, with brackets indi-
cating range of concentrations encountered.

Seasonal variation of average chlerophyll concentrations.
Dotted line indicates missing set of samples.

Seasonal variation of gross photosynthesis values calculated
from chlorophyll and temperature data according to the
formula of Williams and Murdock (1966).
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could be either warmer or cocler than the more slowly responding water
beneath,

Salinity: The salinity range in Gales Creek was from 37°/00 to
fresh water. Bottom water in the mixing basin, which usually reflected
the influence of Bogue Sound, presented the highest salinities recorded
in the creek. Here values were from 370/00 in September to a low of
20%/00 during heavy runoff in July, with an annual average of 28.6%/00,
At the head of the creek the average surface water salinity was only
1.40/00, and no surface water measurement exceeded 60/00, due to con-
tinuous freshwater inflow at the headwaters.

When a value greater than 1°/00 was obtained at the surface in the
headwater region, it was still possible to observe a thin layer of
tannin-stained fresh water lying above the clearer higher salinity water
below, forming a layer too shallow to measure with the salinometer probe.
A surface effect on the probe causes slightly higher conductivity
readings, so ''surface” salinity measurements have actually been for a
depth of around 0.05 meters.

Average salinities calculated for each ecruise (Fig. 6C) indicate
the relative influence of the two sources cof water, fresh from runoff
and saline from sound and sea. After heavy rains in the summer, the
average salinity was as low as 3.&0/00, while during the dry autumm it
was as high as 33%/00. Seasonal averages were 26.7%/00 in autumn,
12.50/00 in winter, 20.60/00 in spring and 15.80/00 in summer, indicating
that in winter and summer the estuary was most influenced by fresh water
runcff, while during the dry autumn sound waters dominated, with the
spring presenting an intermediate condition,

In spring and fall, the bottom of the creek is almost continually
exposed to saline waters of 20%/00 or higher, even in the headwater re-
gion where saltwater lies beneath the freshwater surface layer. During
most of the winter, and at certain times in summer, runoff from heavy
precipitation is great enough to introduce fresh water onto the surface
of the mixing basin; when the runoff is this great the flushing effect
is strong enough to expose the bottom of the estuary in the headwater
regions to fresh water (Figures 7 and 8). This alternate exposure of the
bottom to fresh and salt water is undoubtedly a major factor responsi=-
ble for the apparent absence of benthic flora and fauna in the upper

regions of the estuary.
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In the headwater region, the fresh water inflow always formed a
surface layer with a sharp halocline (salinity gradient) between it and
the brackish estuarine water beneath, except in those Instances in which
runoff was so heavy that all drackish water in the head region had been
flushed out (e.g., January, March and July). The halocline was normally
so sharp that the headwater station (#15) had an average salinity change
of 17.8%/00 over only 0.1 meter difference in depth. The amount of
water runoff is reflected in the depth of the halocline (Fig. 6B), and
therefore correlated well with the graph for the average salinity of the
estuary (Fig. 6C). Agreement with the precipitation data from the 1.8.
Weather Bureau in Morehead City is not quite so clear, and may be the
result of patchiness in rainfall distributien (Fig. 6A).

The halocline decreased in depth with distance from the head re-
gion. Compared to the halocline depth at station #5 during times of
heavy freshwater inflow, the halocline was approximately 0.1lm shallower
at station #11, another 0.lm shallower at #9, 0.2m less at #8, and
another 0.2m legs from station #5 to the mixing basin, #2. With ex-
posure to stronger wind and tide currents, the halocline was sometimes
lost due to mixing. This was generally the case in the lower regions of
the creek, but sometimes also occurred in the more sheltered upper
reaches. Fig. 9 presents the stratification conditions found at the six
stations on a cruise in August where a strong southwesterly wind had
disturbed the sharp and slowly rising halocline in the lower portion of
the estuary.

Because of the strong salinity stratification in Gales Creek, most
samples obtained from the estuary were either from polyhaline waters
(18-300/00) or from oligohaline waters (0.5-50/00) with relatively few
samples from mesohaline salinities in between. This distribution is
readily seen in Fig. 10, where the 324 water samples from cruise 9 to
crulse 29 are plotted for salinity and temperature.

Oxygen: Oxygen concentrations in Gales Creek varied from a maximum
of 13 ppm to a minimum of O ppm. From late spring to early autumm the
average for the creek was under Sppm, while from late autumn to early
spring the average was around 8 ppm (Fig. 5B). Values were normally
highest in the surface fresh water layer, dropping sharply in the halo-
cline to lower values in the underlying more saline water. During the

warmer period of the year from late spring to the end of summer, oxygen
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FIGURE 6

Seasonal variation of precipitation within one week and
within one day of sampling cruises. Data from Morehead City
weather station, 10 miles east of the estuary.

Seasonal varlation in halocline depth, the sharp gradient be-
tween the surface fresh water layer and underlying brackish
water, at station #15, in the headwater region.

Seagonal variation in salinity. The average salinity from all
samples on each cruise is plotted, with brackets indicating the
salinity range for each cruise,

Seasonal variation in the average depth at which 1% inecident
light was calculated to have occurred, using Secchi disc
depth data from all stations on each cruise. Stippled areas
indicate where calculated depth was less than depth of
bottom.
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FIGURE 7

Seasonal variation In positions of surface water ischalines
down the length of the estuary.
Note that in winter and summer runoff was great enough to

introduce fresh water into the surface of the mixing basin.



WATER SALINITY

SURFACE

Statien

#15

#1

in Ba

SALINITY

—_s

e 20

————————5
5

——————30

9 WU D2 25 X7 1 29

iF e 78

i3 14

ik

io

F3

A

nter spring summer avtumn

w

avtumn

0.5 -

Wy i

1.0—

AMYN1IS3 4= QwIH wesy

t5-—

ID2NVYLISI1Q

Cruise:

month:

season:




42

FIGURE 8

Seasonal variation in positions of bottom water ischalines
down the length of the estuary. Enclosed areas indicate pockets
of higher salinity bottom waters.

Note that in winter and summer fresh water from runoff was

great enough to extend to the bottom in the headwater region.



UWN}jNR Ja2WWns Buitads 13 jJuim UCSDIR
a N 0 S v r r w v W 4 r 1§ Juow
€Y 8¢ IT ST YI STTTroT 6 81 4 M 5 w s m M oo b 1PEIND
3 L ol ;. H;- 1 X .«-._- T h | T ] ! ] 1 -;_
T4 i H i
vl 3 k _ _. L b
L 1 L ' 1
vl N !
' |
€ e Lo ] | -l
I 1 |
———— - ! ' r i
ot Coa | ! ! | u
i H ._ ' _ ] __
§7 —~------ ro Ao _ o
A [ I ! L 2
QT e e e ' ! . | ﬂ _ I | v
“ ' 1 ' # _. 1 -
N ‘ t t - B
§———— [ | _ Lo " =
i " _. ) | \ ) R n
o S ; ™
S A
s S TR | ot T
[ f -
ogn MY " Lt Y : _ . M
ALINITIYS ' “_ " _ “ L
] 1 4 i I
] : “ _ 1 -
A | : -
! ' I 1 ‘ d
v “ - e
i ! 1 h
i " ] “ m
) " ._ b L i
i ' ' o -
8# ! ” _, e —50 »
i ! ' . oo ©
- ! | . ,. Do -
N et -
6# S Py 3
| [ 5
: o | -
! b 3
i " S I
. Vo]
: v 2
m—# ___ ! .\s.
weLeg : L o

ALINIIVS d331vMmM WOLl1O0H4



44

FIGURE 9

Salinity and oxygen depth profiles for each station on a
representative cruise, #23 (August 17, 1966). Salinities are indi-
cated by sclid lines, oxygen concentrations by dashed lines. Also
included is an indication of the depth of 1% incident light at each

station calculated from Secchi disc data.



og

llllllll Q1HO11 INIAIDNI %1 40 H1d3IQ

NOILYLS
# G# g# 6# L& sl «
ALINITYS
sL oL st DOl 13 0fZ ol sl ol s D sZ 0T s 0Ol 1) D¢z 0T S1 Ol 13 0§ 0L &L O q 0 st oL st 0Ol g o&
1 L 1 L 1 A L 1 1 1 1 L 1 i 1L I oL L i L i | L ] 1 i i ] & 1 1 L i ]
r -
L T
- T l* i " - T 3
: : LA : T o
| ) )
# { 1 ¢ ¢ L bos
i 1 \ ! b 1
d | N w1 ! Wt re g
I h | h IIIIIIIIIIIIIII i =
ﬂ : 4 ! * e -
h J I m__ i T
4 | —y----—-—-—-—- + - Y4 =
| } __ h 7 \x‘ ﬁ‘u
* * I‘\. ] b s\ — & 3
] 1 ] ] ' -
| | -
¢ ' 4 t S N
! 1 1 1 -
! { } . .
4 * ] - €
. | i ] '
H } ' ¢ i -z
! 1 ! I 1
+ ¥ h P ” -
I l | { “
L — T | — — —r— —— =
o ¢ 0 oL ¢ o ot § o o s o oL S5 o ob s 0wy
Wdd v!
. . NI AXO
9g9al L lsnonvy €L 4 A51INNUD
$31140¥8d NIDAXO ANV ALINITVY S

XI383 SI1¥D NOA



46

FIGURE 10

Plot of the temperature-salinity distributions for 324 water
samples from cruise § to cruise 29, with each sample indicated by
cruise number. Warmer samples appear towards the top and higher

salinity samples appear towards the right.
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was often completely depleted by biological metabolism in the lower
depths at the upper stations on the creek (Fig. 9). Here deeper pools
protected from strong tidal influence by shallower down-stream areas of
the creek could retain denser haline waters long enough that they be-
came stagnant. However, oXygen was present at all times of the year in
bottom waters from the lower middle reaches to the mixing basin.
Benthic organisms obgerved in the estuary appeared to be limited to
those regions where continued water corculation prevented complete
oxygen depletion.

Light: On each cruise, a secchi disc was used to determine roughly
the degree of light extinction at stations along the creek. Shallower
secchi disc depths were recorded in winter and summer, reflecting the
greater turbidity of the creek during these seasons due to greater
freshwater runoff carrying quantities of dissolved and particulate
organic matter. This turbidity generally decreased towards the mouth
where the influx of clearer sound water was greater. Though the water
was less turbid in the spring than in summer or winter, only in the late
autum was the creek clear enough that the secchi disc could be seen at
most stations when resting on the bottom.

The compensation depth is the point where on the average, plankton
photosynthesis just balances respiration. This normally occurs at a
depth where the light intensity is reduced to approximately 1% of that
at the surface (Yentsch, 1962). Calculations of the depth of 1% sur-

face radiation (2 = 2.5 x Secchi disc Depth) in Gales Creek revealed

1%
that in water next to the bottom at the upper stations photosynthetic
rates could have been below the compensation point during some of the
winter and summer cruises (Fig. 6D). These calculations must be con-
sidered tentative, however, because to ¢btain accurate light extinction
values from secchi disc depth measurements, the water column must be
uniform and unstained, and neither of these characteristics held true
for Gales Creek.

Fluctuation of the average depth for 1% incident light over the
year showed a direct relationship of turbidity to the velume of fresh
water runoff entering the estuary, and an inverse relationship te the

fluctuation of average salinity. In the summer, the water masses cal-

culated to be below compensation depth were also anoxic, and could
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therefore present definite stress for heterotrophic as well as
autotrophic aerobes.

Transmission spectra on brown-stained unfiltered water samples
showed terminal absorption in the shorter wavelengths without any
maxima. According to Burt (1955a) this indicates that the controlling
median radius of particles in suspension did not exceed 0.6u. These
humic substances apparently are present in a continuous gradation from
dissolved compounds through colloidal suspensions to fine particulate
matter, with coarser particles in earlier stages of degradation abundant
at times of heavy fresh water runoff or strong bottem currents.

pH: The presence of excess alkaline radicals, such as the carbon-
ates, serves to buffer salt water against great changes in pH. The pH
of sea water, with an average salinity of 350/00, is generally very
stable, ranging between 8.1 and 8.3, In less buffered brackish water and
unbuffered fresh water, pH is more variable. The expected relationship
between salinity and pH was observed in Gales Creek (Fig. 11). 1In poly-
haline waters (18-30%/00), the pH ranged between 7.6 and 8.2 generally,
reflecting the influence of introduced sea water. In mesohaline waters
(5—180/00), pH varied between 7.0 and 7.9, and in oligohaline waters
(0.5-5°/00) was usually between 6.7 and 7.7. Occasional heavy influxes
of fresh water resulted in pH levels as low as 5.6 (cruise 12) and 6.3
(cruise 18). Since most of the carbon dioxide dissolved in waters of pH
6.5 to 8.5 is present as bicarbonate ion, it was assumed that a good
reserve of CO2 for photosynthesis was present in all the brackish water
situations encountered.

These pH measurements should not be considered firm figures. 1In
the time from collection to when these samples were measured at the lab-
oratory, significant changes in dissolved carbon dioxide concentrations,
and therefore pH, might have taken place, due to exchange with the air
or biological activity. In future investigations, where possible, pH
measurements should be made in the field to insure greater reliabilicy
of the data.

The slightly acid nature of the runoff was due to humic acid mater—
lals contributed from the surrounding forest soils and swamps. As these
waters meet the saline water from the sound, the humic substances become

coagulated and the pH shifts to slightly alkaline. These coagulated
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FIGURE 11

Plot of the pH-salinity distributions for 213 water samples
from cruise 5 to cruise 18, with each sample indicated by cruise
number. More acidic samples appear to the bottom and more

saline samples appear towards the right.
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particles contribute to the flocculent ooze on the bottom so easily
disturbed by currents.

Chlorophyll-a: Concentrations ranged from undetectable to 18.71

ug/l. Values were low in December, increased to a peak in February, then
diminished again by the end of winter. The samples from March to May
were lost so data are not available for this period. Increasing chloro-
phyll-a concentrations were obtained through the summer, except for one
depression during heavy runoff in July. The maximum was reached in
August, then values dropped back to the low levels of autum. The mean
from October to March was 3.89 ug/l, while the mean from June to Septem-
ber was 5.39 ug/l, values which were slightly lower than those obtained
by Patten et al. (1963) for Chesapeake Bay. Seasonal distribution of
average chlorophyll-a values for the creek is illustrated in Fig. 5C.

These data were used along with water temperature measurements and
day length information from the U.S. Coast and Geodetic Survey Tide
Tables (1966) to calculate the possible gross photosynthesis such
chlorophyll concentrations in plankton could vield, according to the
formula of Williams and Murdock (1966), and the curve derived therefrom
is presented in Fig. 5D. It is apparent from this curve that the winter
peak in chlorophyll-a concentration probably did not signify any parallel
increase in productivity By the phytoplankton, because of low light
levels and low temperatures at that time of vear.

Chlorophyll concentrations can provide an estimate of the auto-
trophic plankton standing crop at specific times. How well these concen-
trations correlate with the seasonal distribution of average total
phytopfagellate cell counts may be seen by comparing Fig. 5D with Fig,
148, The correlation is positive but changes in cell densities are much
greater than those of chlorophyll concentrations. This discrepancy
possibly reflects the disprcpertionate emphasis placed on small cells

when using cell counts as a measure of standing crop.

Nutrients

Very little literature is availabhle concerning the distribution and
fluctuation of nutrients in waters along the eastern shores of the

United States. Riley and Conover {1956) studied the chemical
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oceanography of Long Island Sound, and Ryther (19534) investigated 12
polluted bays along the Long Island shore. Ketcham {1967) investigated
phosphorus distribution in the New York Bight. Ryther and Dunstan (1971)
studied the distribution of inorganic nitrogen and phosphorus in several
of the same Long Island bays, the New York Bight, and coastal waters of
the eastern seaboard as far south as Cape Hatteras. Phosphates and ni-
trates were studied in Chesapeake Bay at the mouth of the Patuxent River
by Newcombe et gl. (1939) and Newcomb and Lang (1939). The York River
was investigated for ammonia nitrogen by Patten and Lacey (1961). A
transect of Chesapeake Bay off the York River was examined for one year
by Patten et al. (1963) for dissolved and absorbed orthophosphate, dis-
solved and particulate ofganic phosphorus, and nitrate nitrogen.

All of these bodies of water studied are of much greater size than
Gales Creek, and of these only Chesapeake Bay, 300 miles to the north,
is of classical estuarine form. With so many conditions being different,
only general comparisons can be made between these studies and data from
Gales Creek. Nutrient studies on the Pamlico River, Pamlico Sound, and
Bogue Sound in North Carolina are in progress, and Thayer (1971) pre-
sented nitrogen and phosphorus values for shallow estuaries near
Beaufort, N.C. The rest of these studies have yet to be published, and
there is no similar estuarine study available for any other part of the
southeastern coast.

Nutrient sampling from Gales Creek consisted, whenever possible, of
four samples from each cruise, collected from the surface water in the
headwater region, surface water from the middle reaches, water next to
the bottom also in the middle reaches, and water next to the bottom in
the mixing basin. It was hoped that such sampling might reveal whether
various nutrients were being supplied by stream, by sound, or by gener-
ation within the estuary itself by the process of bicchemical circula-
tion as described by Redfield (1955). However, the actual concentra-
tions of the various nutrients studied often showed little apparent
relationship to each other. Great variability in concentrations was re-
corded between stations and between cruises for the same station. Thus
the data obtained were not in most cases consistant enough to support any
conclusions as to the possible source of the nutrients. The discussions

of nutrient fluctuations has therefore been confined primarily to
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averages for the estuary as a whole. All values are in microgram-atoms

per liter.

Nitrate-nitrugen: The range in concentrations for this fraction of

the total nitrogen in Gales Creek was from non-measurable to 6.84
ug-At/l, almost exactly the same range obtained by Patten et gl. (1963)
in Chesapeake Bay, but higher than Thayer (1971) reported for waters
around Beaufort, N.C. Values were quite low in mid autumm and from late
winter through spring to early summer, with an average of less than 0.5
ug-At/1 in November and from March to July. Winter values were some-
what higher, averaging between 1.0 and 1.5 lig-At/l. Values increased in
mid-summer to averages around 3 Lg-At/1, with the highest concentrations
recorded in samples from near the bottom. Seasonal distribution of av-
erage nitrate-nitrogen values for the creek is presented in Fig. 12C,
while the complete data is plotted in Appendix C, Fig. 1B.

Nitrite-nitrogen: This nutrient ranged in concentration from un-

detectable to 5.89 ug-At/1, with lowest average figures occurring in mid
autumn. Values from late winter to early summer were higher than those
for nitrate, but were still below 1 vg-At/1, while in the winter the
figures were slightly higher. The highest average values, up to 3
ug-At/1l, occurred in the latter part of the summer. Here they paral-
leled the nitrate concentrations, where the highest levels were also
reached in the bottom samples. Fig. 12B presents the average seasonal
distribution, while complete data are plotted in Appendix C, Fig. 1lA.
In comparison, the highest value obtained for Chesapeake Bay and
the Patuxent River (Newcombe et al., 1939) was only 0.6 ug-At/1l, and
only 0.5 ug-At/1l from waters around Beaufort, N.C., (Thayer, 1971).

Ammonia-nitrogen: Ammonia cencentrations ranged from non-measur-

able to an extraordinary 19.09 ug-At/1l. This peak was recorded at a
time soon after a portiocn of the upper middle reaches of the creek was
being excavated to create a swimming area for the local Boy Scouts, a
project which was later discontinued. This disruption of the marsh
areas along the creek In early February resulted in great amounts of
organic material in various states of decomposition being washed into
the estuary. Evidence of this was the increased turbidity at that time.
By mid-February when the next cruise occurred, the ammonia level had
jumped to this remarkable peak in the bottom waters at the middle

reaches, most likely the result of bacterial action on the excess
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introduced organic matter. Within a month, ammonia concentrations had
dropped to the lowest average level for the year, under 1 pg-At/l,
There was no increase in phytoflagellate concentrations during this
period, but there was a great deal of heavy fresh water runcff. Prob-
ably the excess ammonia was physically removed from the estuary by
flushing, rather than by blological activity.

Concentrations were low through spring and also in the latter part
of autumn, averaging around 1 ug-At/l. Averages were high through the
summer. The highest peak occurring under natural conditions was 8.49
ug-At/l in July from a bottom sample taken just before the largest
phytoflagellate bloom in the estuary occurred. Further statements about
ammenia concentrations are difficult to make from the data because of
the great variability between stations and samples. Average seasonal
fluctuations of ammonia are presented in Fig. 12A, with complete data
graphed in Appendix C, Fig. 2A.

Summer values for ammonia nitrogen in upper Chesapeake Bay and the
Patuxent River also reached 8 ug-At/1l (Newcombe et al., 1939). 1In the
lower York River the highest recorded value was 4.95 ug-At/1 with a mean
near 2 ug-At/1l (Patten and Lacey, 1961). The highest value for
Beaufort waters (Thayer, 1971) was 4.30 ug-At/l.

Total Nitrogen: This determination includes the dissolved forms of
inorganic nitrogen along with both dissolved and particulate organic
nitrogen. The range was from non-measurable to 65.8 ug-At/l. TFluctu-
ation in total nitrogen correlated rather well with the amount of fresh
water runoff flowing into the creek and with the turbidity of the
estuary. There was a peak in winter, a broader peak from the middle of
spring through summer into early autumn, and low concentrations in late
autumn and early spring. The peak in winter was enhanced in early
February by the introduction of excess organic detritus from the marsh
due to excavation of the creek mentioned above. Dissolved and particu-
late organic nitrogen contribute a much greater portion to the total
nitrogen concentration in the estuary than do ammonia, nitrite, and ni-
trate, as shown in Fig. 13A. Complete total-nitrogen data are graphed
in Appendix C, Fig. 2B.

Further analysis would need to be carried out to determine what
proportion of this organic nitrogen is supplied to the estuary as dis-

solved and colloidal compounds rather than as suspended particulate



56

FIGURE 12

Seasonal distribution of dissolved ammonia-nitrogen con-
centrations, measured in microgram-atoms of nitrogen per liter.
Average ammonia concentrations are plotted, with brackets indi-
cating the range in sample concentrations from each cruise.
(Complete data graphed in Fig. 2A of Appendix C.)

Seasonal distribution of dissolved nitrite-nitrogen concen-
trations, in microgram-atoms of nitrogen per liter. Average
concentrations are plotted in the manner of the above graph,
(Complete data graphed in Fig. 1A of Appendix C.)

Seasonal distribution of average dissolved nitrate-nitrogen
concentrations in microgram-atoms of nitrogen per liter,
Plotted in the manner of the above graphs, (Complete data
graphed in Fig. 1B of Appendix C.)

Seasonal distribution of average dissolved phosphate-
phosphorus concentrations, measured in microgram-atoms of
phosphorus per liter, plotted in the manner of the above
graphs. (Complete data graphed in Fig. 3A of Appendix C.)
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FIGURE 13

Seasonal distribution of average total nitrogen concentra-
tions, consisting of dissolved and particulate organic and
inorganic nitrogen fractions, measured in microgram-atoms of
nitrogen per liter. The portions comprising dissolved ammonia-,
nitrite~ and nitrate-nitrogen are indicated within the graph
area. (Complete data graphed in Fig. 2B of Appendix C.)

Seasonal distribution of average total phosphorus concentra-
tions, consisting of dissolved and particulate organic and
inorganic phosphorus fractions, measured in microgram-atoms
of phosphorus per liter. The portion comprising dissolved
phosphate-phosphorus is indicated within the graph area.
(Complete data graphed in Fig. 3B of Appendix C.)
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matter, though some phytoflagellates are capable of utilizing the
latter by phagocytosis as a source of nitrogen.

Dissolved Phosphate-Phosphorus: This fraction varied from z low of

0.043 pg-At/1 in April to a peak of 0.93 ug-At/1 in July. Average fig-
ures presented in Fig. 12D show a peak in winter at 0.5 ug-At/l, then an
early spring minimum followed by somewhat higher levels near 0.3 ug-At/1
until summer when concentrations rose to maximum averages near 0.7
ug-At/l, dropping in late summer and autumn to levels similar to late
spring. The seasonal curve from surface samples in the headwater region
appears to correlate well with the amount of fresh water runoff, but the
other curves fluctuate too erratically to draw any conclusions about the
possible source of the phosphate. These curves are presented in
Appendix C, Fig. 3A.

In Chesapeake Bay concentrations were comparably low, with means
between 0.2 and 0.4 ng-At/l except for higher summer peaks and maxima in
autumm as high as 2.26 ug-At/1l, more than double the maximum values of
Gales Creek (Patten, et gl., 1963). In waters around Beaufort, N.C.,
concentrations ranged from undetectable to a relatively high 1.46
pg-At /1 (Thayer, 1971).

Total Phosphorus: This fraction contains both dissolved and parti-

culate organic and inorganic phosphorus. Figures ranged from a minimum
of 0.1% ug-At/l in December to a peak of 4.25 ug-At/1 in August. At the
time of the excavation for a swimming hole mentioned above, a maximum
figure of 21.74 ug-At/l was recroded. Once digging ceased, the concen-
trations dropped teo average values (around 1 ug-At/1 for spring). Late
spring and summer values ranged between 1 and 2 vg~At/l in bottom water
samples and below 1 ug-At/l in surface sambles, both dropping slightly
in autumn. These values are similar to those obtained by Patten et al.
(1963) for Chesapeake Bay, where the low levels were also recorded in
the autumn. Average figures are graphed in Fig. 13B. The complete
curves are given in Appendix C, Fig. 3B, where it may be observed that
the phosphorus is more often concentrated in the bottom waters of the
estuary.

Nitrate:Phogphate Ratio: More important than absolute concentra-

tions of nitrogen or phosphorus is the relative abundance of these
atoms. Phytoplankton organisms are said to deplete nitrogen and phos-

phorus from sea water in a ratio generally comparable to the atomic
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ratio of nitrogen and phosphorus in their cells, or approximately 20:1,
according to Yentsch (1962) though Ryther and Dunstan (1971) state that
the ratios may range from 3:1 to 30:1, with 5:1 to 15:1 being most com-
monly encountered. In the open sea, the nitrate:phosphate ratio is gen-
erally given as 15:1, while in coastal and estuarine waters 1t is often
lower (Raymont, 1963),

In Gales Creek, the ratioc varied from a minimum of 0.23:1 in
March to a maximum of 28.8:1 in August with a very low average that
fluctuated between 1:1 and 6:1 from mid-autumn through winter to early
spring, then remained near 1l.6:1 until early summer, finally rising to a
peak averaging about 10:1 in late summer. The yearly Nitrate:Phosphate
average for the estuary was a low 3.75:1. The curve for the average
ratios 1s presented in Fig. 14A, with the complete data graphed in
Appendix C, Fig., 3C. From these data it would appear that the low con-
centrations of nitrate could be an important limiting factor for phyto-
plankton in Gales Creek. This would agree with the conclusion of
Ryther and Dunstan (1971) that nitrogen is the critical limiting factor
to algal growth and eutrophication in coastal marine waters.

Various studies in the past on nitrogen uptake by algae have shown
that many phytoplanktors can also utilize nitrite and ammonia as well as
nitrate, and that when ammonia is present 1t is often preferred over
nitrate as the nitrogen source (Provasoli, 1958). If all the analysed
sourses of dissolved inorganic nitrogen in Gales Creek are taken togeth-
er in relation to dissolved inorganic phosphorus, the Nitrogen:Phos-
phorus ratio for the estuary still comes out low but are not as ex-
tremely small as when nitrate is considered alone. These average ratios,
presented in Fig. 14A, fluctuated between 3:1 and 26:1, with lower
values in late autumn and late spring. The maximum average value
occurred after the digging disturbance in February, though two other
peaks with values near 20:1 occurred in early spring and in late
summer.

It should be recognized that none of these figures for nutrient
concentrations disclose anything about the turnover rates of the
various compounds. This would be most important to investigate, for in
autumn and spring, when ahsolute nutrient concentrations are lowest,
plankton cell concentrations were not also diminished. Thus, depending

on both turnover rates and the metabolic versatility of partieular
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FIGURE 14

Seasonal distribution of average nitrogen to phosphorus
ratios. Plotted are both nitrate to phosphate and nitrate-
nitrite-ammonia to phosphate ratios. (Complete data on
nitrate to phosphate ratios graphed in Fig. 3C of

Appendix C.)

Seasonal distribution of average total phytoflagellate con-
centrations, measured in cells per milliliter, using
Lohmann's (1908) spheric curves formula for obtaining the
vertical axis. (Complete data graphed in Fig. 15.)
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phytoplankton species in utilizing available nitrogen sources, nitrogen
may in some cases prove not to be so important a limiting factor in

Gales Creek. This is certainly an area open for further study.

A factor not investigated was vitamin B12’ an important requirement

for many algal flagellates and diatoms. It should not, however, be a
limiting factor, since even the open sea is considered by Droop (1957} to
have more than sufficient B vitamin available for the plankton crops

12
normally encountered.

Discussion of Hydrography

From the information presented above it is evident that this estu-
arine environment possesses a high degree of variability. In fact,
there was usually found to be more variation at and between stations on
a single cruise than in averages between cruises.

Several factors studied stand out as probably being the most in-
fluencial in the estuary, ones tc which phytoplankton species main-
taining themselves in the estuary must be adapted. Most abvious of
these is salinity, since water samples ranged from oligohaline to poly-
haline on every cruise, and during periods of heavy fresh water runoff
oligohaline waters could be found at every station along the creek.

This influence was proportional to the degree of local precipitation,
which also influenced the turbidity of the creek. This, in turn, in-
creased the possibility of creating aphotic zones in deeper parts of the
estuary which would cause further stress for autotrophic organisms. The
stratification of the water column caused by the salinity-induced den-
sity gradient combined with warm summer temperatures and biological ac-
tivity in the bottom waters often created anoxic conditions a stress for
heterotrophic aerobes in both plankton and benthon.

The low levels of nitrate-nitrogen in relation to available phos~-
phate-phosphorus would have an important limiting effect on those phyto-
plankton species unable to utilize ammonia or nitrite, though all three
sources of nitrogen were low enough in late autumn and late spring to be

of limiting effect for those species not also capable of utilizing
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organic nitrogen sources. In general, total phytoflagellate cell num~-
bers appeared to vary directly with the concentration of these nutrients.
There was no appearance of an organic nitrogen breakdown sequence
of the type described by Barnes (1957) in which a high influx of organic
nitrogen is subjected to autolytic or bacterial decomposition with
graded release first of ammonia, later nitrite, and finally nitrate over
a period of several months. The apparent absence of this sequence is
readily explained by the overwhelming influence on the estuary of rapid
tidal exchange, with a ratio of 0.43, plus the occasional flushing
effect of heavy fresh water runoff. These influences would allow little
time for biological influences to oeccur before the water in the estuary
was completely exchanged, which in most cases was a time shorter than
that between sampling cruises. It would appear, then, that the phyto-
plankton community merely responds to the rapidly fluctuating physical
and chemical factors acting in Gales Creek, and normally has little
effect upon modifying this environment through depletion or augmentation

of nutrients.
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Net Plankton Samples -~ The Diatoms of Gales Creek

(Class Bacillariophyceae)

Information on the presence and abundance of diatoms in Gales Creek
is limited to 20 formalin-preserved samples collected by a #20 plankton
net from the lower reaches and mixing basin area from October of 1965 to
November of 1966,

From a calculation of the amount of water passing through the net
during a 10 minute tow, and from the resulting concentration of plankton
gathered, it was estimated that the seeming abundance of diatoms present
in a drop of preserved sample was actually concentrated from at least 10
times as much water as the drop concentrated by centrifugation from a
corresponding live sample. Thus, for the most part, qualitative meas-
urements of diatom densities presented here reflect a cne degree lower
order of magnitude in abundance than those found for the phytoflagel-
lates. The determination of dominance in these net samples was subjec-
tive, but occasional counts made during observation of phytoflagellates
in live samples when diatom densities were notably significant provide
some indication of the relative importance of the maximum net diatom
concentrations in comparison to densities attained by the
phytoflatellates.

The diatoms exhibited two periods of population maxima, in spring
and in autumn, the classical bimodal pattern of seasonal abundance so
often described for net forms (Wolfe, et al., 1926; Cowles, 1930;

Morse, 1947).

Abundant Species: Nine specles of diatoms were abundant in the

spring, and four of these were abundant again in the autum. Two
species were abundant {in both summer and autumn, and eight more species

were abundant only in the autumn. Two species were abundant in winter.
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These five groupings of abundant species are presented below, and maxi-
mum cell counts for dominant diatom specles observed in equivalent live

samples are provided in parentheses:

Spring

Ske letonema costatwn (51.2 cells/wl; 3290 cells/ml
in middle reaches)

Chaetoceros subgecundus

Gyrosigma balticum

Nitaschia longissima

Nitaschia elosterium

Spring and Autumn

Chactoceros lorenziaius
Chaetoceros teres (13 cells/ml)
Melosira moniloformis (3 cells/ml)
Fupodiseus radiatus

Summer and Autumn

Cogetinodisous granii (0.8 cells/ml)
Chaetoceros sp.

Autumn

Chaetocercs curvisetus (23 cells/ml)
Rhizcsolenia ealear-avis

Rhizosolenia imbrieata var. shrubsolei
Cerataulina bergoni

Fhabdonema adriaticum

Striatella wnipwnctata

Liemophora hastata

Amphipleura rutilans

Winter

Asterionella japonica (13.8 cells/ml)
Chaetoceros aff. aostatus

The spring bloom occurred in two pulsés, an earlier Skeletonemg and
Melosira peak in March and April followed by a later bloom of several
Chaetoceros species in May and June. The autumn bloom was strong with
the species enduring through the season in 1965, but in 1966 the rela-
tive density of the bloom was less, and two dominants of the previous
autumn, Rhizosolenia calear-avie and Cerataulina bergoni, were absent.,
The lower densities may have been the product of greater grazing pres-
sure by zooplankton the second autumn. A greater proportion of
copepods, nauplei, trochophores, and other larvae were present in the
samples from winter, summer and the second autumn, and from late spring

through the summer the net plankton was dominated by the loricate
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tintinnid ciliate Favella panamensis. However, Williams (1965) states
that in the inshore areas he studied near Beaufort, N.C., grazing by
zooplankton never controlled the abundance of phytoplankton, so other
factors may also be involved.

As in many east coast estuarles, the species attaining the most
significant cell concentrations was Skeletonema costatum. This is a
neritic form widely distributed in seas throughout the world (Cupp,
1943), and of special importance in colder waters (Braarud, 1945).
Smayda (1957) has indicated that it is the dominant form in Narragansett
Bay; Patten, et ql. (1963), note its significance in Chesapeake Bay; and
Hulburt, et al. (1963), in Pamlico Sound. Smayda (1957) concluded that
this species is primarily adapted for exploitation of semi-enclosed
areas by its rapid division rate (Braarud, 1945) and exogenous vitamin

B12 requirement (Droop, 1955).

Characteristic Species: A number of diatom species, including some

of the more abundant forms listed above, appeared fairly consistantly in
the samples, and must therefore be considered well adapted to either
Gales Creek or to adjacent Bogue Sound from which they would then become
periodically introduced. Those diatoms recorded in at least half the 20
plankton net hauls are listed below as the species most characteristic

of the estuary:

Melosira moniliformis

Melosira sulcata

Coscinodiscus granii

Bupocdiscus radiatus :
Rhizosolenia imbricata var. shrubsolei
Chaetoceros lorenzianus
Chaetocercs teres

Syrnedra hemnedyana

Diploneis smithii var. pumila
Gyrostgma balticum

Navicula salinarum

Rhopalodia musculus

Denticula hustedtii

Bacillaria paradoxa

Nitaschia compressa

Nitazschia lanceola

Nitzsohia panduriformia

Nitaschia frustulum var. subsalina
Nitzschia sigma
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Nitzscehia longissima
Surirella febigerii

Taxonomy: Identified in these preserved net samples was a total of
187 diatom taxa, of which 49 were centric diatoms and 138 were pennate
diatoms. In terms of number of taxa identified, the Bacillariophyceae
was the most important class of phytoplankton present in Gales Creek,
with more species than the combined total of all phytoflagellate groups,
which was 152 species. These 187 diatom gpeciles are presented with
references and seasonal distribution in Table 2.

A number of the taxa observed did not readily fit any described
species in the literature available, and considering that Hustedt (1955)
was able to describe 89 new species in but two mud samples obtained from
the beach near Beaufort, N.C., it would appear that many more new
species are yet to be discovered in Carolina estuarine waters.

0f these 187 species 38X were also listed by Mulford (1962) for the
York River, lower Chesapeake Bay and adjacent offshore waters, and 22%
were recorded by Patten, et al. (1963), for lower Chesapeake Bay, the
nearest large body of water systematically studied for diatoms.

Qf all the other phytoplankton organisms known to be present in the
estuary, only isolated appearances of six of the larger species of dino-
flagellates, along with an equal number of blue-green algal species
(Cyanophyceae) occurred in the net samples. This well demonstrates the
inadequacy of net sampling. Thus future studies of the
Bacillariophyceae should involve plankton samples concentrated by cen-
trifugation to ensure accurate counts of all species and observations on
the many smaller species missed by net sampling. Future Investigations
should also consider the benthic diatom layer, which because of the
shallowness of these estuaries, must also play an important part in
biological production.

It is hoped that the seasonal data and taxonomic information pre-
sented in Table 2 will help provide impetus for these much needed basic
systematic studles of the Bacillariophyceae in coastal Carolina, where

at present so little work has been done.
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Table 2
THE DIATOMS OF GALES CREEK

(Class Bacillariophyceae)

A list of the taxa recorded in 20 preserved net samples, including
seasonal distribution (v = spring, s = summer, a = autum, w = winter)
and degree of abundance (- = rare, + = numerous, * = dominant), with
modern references wherever possible.

SEASON:
SPECIES v s a w
1. Melosira nummuloides (Dillw.) C.A.Ag. - + +
Hust., 1930, Kiesel. 1, p. 231, f. 95
2. Melosira moniliformis (Mull.) Ag. 4 +
Hust., 1930, Kiegel. 1, p. 236, f. 98
3. Melosira suleata (Ehr.) Kutz. + + + +
Hust., 1930, Kiesel. 1, p. 276, f. 118-9
4, Stephanopyxis palmeriana (Grev.) Grun. +
Hust., 1930, Kiesel. 1, p. 308, f. 147
5. GSkeletonema costatum {(Grev.) Cl. L S +
Hust., 1930, Kiesel. 1, p. 311, f. 149
6. C(yclotella caspia Grun. +
Hust., 1930, Kiesel. 1, p. 347, f. 177
7. Cogeinodiscus concinnus W. Sm. -
Peragallo, 1908, p. 424, pl. 115, f. 12
8. (Coseinodiscus granii Gough + * x -
Hust., 1930, Kiesel., 1, p. 436, f. 237
9. Coscinodiscus asteromphalus Ehr. - +

Hust., 1930, Kiesel. 1, p. 452, f. 250

10.  Actinoptychus taeniatus Hust. - - -
Hust., 1955, p. 7, pl. 1, f. 1,2

11. Actinoptychus adriaticus var. balearica Grun -
V. H. 8yn., 1885, pl. 121, f. 2

12. Aetincptychus splendens (Shadb.) Halfs. - -
Hust., 1930, Kiesel. 1, pl 478, f. 265

13. Bupodiscus radiatus Bailey + - - 4+
Hendey, 1964, p. 97, pl. 23, f. 3

14. Aulacodiscus argus (Ehr.) A. Schmidt -
Hust., 1930, Kiesel. 1, p. 503, f. 281

15. Leptoeylindrue danicus Cl. -
Hust., 1930, Kiesel. 1, p. 558, f. 319

16. Guinardia flaceida (Castr.) Per, -+
Hust., 1930, Kiesel. 1, p. 562, f. 322

17. Fhizosolenia stolterfothii Per. - +
Hust., 1930, Kiesel. 1, p. 578, f. 329



71

Table 2 {continued) SEASON:
SPECIES v § a
18. FRhtaceclenia imbricata var. shrubsclei (Cl.) Schr. +
Hust., 1930, Kiesel. 1, p. 584, f. 332
19. Rhizosolenia hebetata f. semispina (Hensen) Gran + + +
Hust., 1930, Kiesel. 1, p. 592, f. 338
20. Rhimosolenia calegr-quis M. Schultze + *
Hust., 1930, Kiesel. 1, p. 592, f. 339
21. Rhizcsolenia alata f. indica (Per.) Ost. +
Hust., 1930, Kiesel. 1, p. 602, f. 346
22. Baeteriastrum delicatulum Cl1. ' + +

Hust., 1930, Kiesel. 1, p. 612, f. 353

23. Chaetocercs eibenii Grum. -
Hust., 1930, Kiesel. 1, p. 653, f. 369

24. Chaetoeceros peruvianus Brightwell -
Hust., 1930, Kiesel. 1, p. 671, f. 379-80

25. Chaetocercs lorenszignus Grun. L
Hust., 1930, Kiesel. 1, p. 679, f. 385

26. Chaetoceros teres Cl. * + %
Hust., 1930, Kiesel. 1, p. 681, f. 386

27. Chaetoceros compressus Lauder - - +
Hust., 1930, Kiesel. 1, p. 684, f. 388

28, Chaetoceros didymus Ehr. - +
Hust., 1930, Kiesel. 1, p. 688, f. 390

29. Chaetoceros construsctus Gran +
Hust., 1930, Kiegel. 1, p. 694, f. 395

30. Chaetocercs affinie Lauder - +
Hust., 1930, Kiesel. 1, p. 695, f. 396

31. Chaetocerce affinis var. willei (Gran) Hust. +
Hust., 1930, Kiesel. 1, p. 697, f. 398

32. Chaetocercs aff. costatus Pav. - +
Cupp, 1943, p. 127, f. 79 '

33. Chaetocercs cf. brevis Schitt +
Cupp, 1943, p. 129, f. 82

34. Chaetoceros cf. subsecundus (Grun.) Hust. * +
Hust., 1930, Kiesel. 1, p. 709, f. 404

35. Chaetoceros curvisetus Cl. - + =*
Hust., 1930, Kiesel. 1, p. 737, f. 426

36. Chaetoceros pseudocurvisetus Mangin +
Hust., 1930, Kiesel. 1, p. 739, f. 427

37. Chaetoceros debilis Cl. + + -
Hust., 1930, Kiesel. 1, p. 740, f. 428

38. Chaetoceros mielleri Lem. +

Hust., 1930, Kiesel. 1, p. 756, f. 439

+ |
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Table 2 {(continued)
SPECIES

39, Chaetoceros sp., (with similarities to . brevis,
C. affinis and C. laciniosus)

40. Ditylum brightwelliti (West) Grun.
Hust., 1930, Kilesel. 1, p. 784, f. 457-9

41. Lithodesmium wndulatum Ehr.
Hust., 1930, Kiesel. 1, p. 789, f. 461

42. Iriceratiwm favus Ehr.
Hust., 1930, Kiesel. 1, p. 798, f. 462-3

43. Triceratium reticulum Ehr.
Hust., 1930, Kiesel. 1, p. 823, f. 485-6

44, Triceratium alternans Bail,
Hust., 1930, Kiesel., 1, p. 825, f. 488

45. Biddulphia rhombus f. trigona Hust.
Hust., 1930, Kiesel. 1, p. 843, f. 498

46. Biddulphia sinensis Grev.
Hust., 1930, Kiesel. 1, p. 837, f. 493

47. Biddulphia qurita (Lyngb.) Breb. & Godey
Hust., 1930, Kiesel. 1, p. 846, f. 501

48. Clerataulina bergonia Peragallo
Hust., 1930, Kiesel. 1, p. 869, f. 517

49, Hemiaulus sinensis Grev.
Hust., 1930, Kiesel. 1, p. 875, f. 519

50. Rhabdonemg adviaticum Kutz.
Hust., 1959, Kiesel. 2, p. 23, f. 552

51. Rhabdonema crassum Hendey
Hendey, 1964, p. 172, pl. 26, f. 8-10

52. Striatella unipwctata (Lyng.) Ag.
Hust., 1959, Kiesel. 2, p. 32, f. 560

53. Grammatophora marina (Lyng.) Kutz.
Hust., 1959, Kiesel. 2, p. 43, f. 569

54. Grammatophora oceuanica (Ehr. 1854 e.p.) Grunm.
Hust., 1959, Kiesel. 2, p. 45, f. 573

55. Liemophora abbreviata Ag.
Hust., 1959, Kiesel. 2, p. 66, f. 590

56. Licmophora hastata Mereschkowsky
Hust., 1959, Kiesel. 2, p. 72, f. 599

537. Liermophora debilis (Kutz.) Grun
Hust., 1959, Kiesel. 2, p. 73, f. 602

58. Plagiogramm rhombicum Hust.
Hust., 1955, p. 11, pl. 4, f. 25-27

59. Plagiogramma staurophorum (Greg.) Heiberg
Hust., 1959, Kiesel. 2, p. 110, f. &35
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Table 2 (continued)
SPECIES

60. Dimerogramma minor var. nana {(Greg.) V. H.
Hust., 1959, Kiesel. 2, p. 119, f. 641

61. Glyphodesmis distans (Greg.) Grun.
Hust., 1959, Kiesel. 2, p. 125, f. 647

62. COpephora martyi Heribaud
Hust., 1959, Kiesel. 2, p. 135, f. 654

63. Opephora pacifica (Grum.) Petit
Hust., 1955, p. 13, pl. 4, f. 47

64. Trachysphenia acuminata Per.
Hust., 1955, p. 14, pl. 4, f. 52

65. Raphoneis surirella (Ehr.) Grum.
Hust., 1959, Kiesel. 2, p. 173, f. 679a-c

66. Raphoneis surirella var. australis Petit
Hust., 1959, Kiesel. 2, p. 174, f. 679d

67. Synedra hennedyana Greg.
Hust., 1959, Kiesel. 2, p. 222, f. 713

68. Synedra gaillonii (Bory) Ehr.
Hust., 1959, Kiesel. 2, p. 195, f. 690

69. Synedra laevigata Grun.
Hust., 1959, Kiesel. 2, p. 213, f. 706

70. Synedra crystallina (Ag.) Kutz.
Hust., 1959, Kiesel. 2, p, 232, f. 719

71. Synedra formosa Hantzsch
Hust., 1959, Kiesel. 2, p. 233, f. 720

72. Synedra tabulata (Ag.) Kutz.
Hust., 1959, Kiesel. 2, p. 218, f. 7100

73. Asterionella japoniea Cl.
Hust., 1959, Kiesel, 2, p. 254, f. 734

74. Coeconeis disculoides Hust.
Hust., 1955, p. 17, pl. 5, f. 8-11, pl. 7, f. 8

75. Cocconeis heteroidea Hantzsch
Hust., 1959, Kiesel. 2, p. 356, f. Bll

76. C(Coeconeis scutellum Ehr.
Hust., 1959, Kiesel. 2, p. 337, £. 790

77. Achnanthes orientalis Hust.
Hust., 1959, Kiesel. 2, p. 390, f. 838

78. Achnanthes tenera Hust.
Hust., 1955, p. 17, pl. 5, f. 22-25

79. Achnanthes lanceolata (Breb.) Grun.
Hust., 1959, Kiesel. 2, p. 408, f. 863

80. Aechnanthee bervipes var. intermedia (Kutz.) Cl
Hust., 1959, Kiesel. 2, p. 425, f. 877d
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Table 2 (continued) SEASON:
_SPECIES s a

|<

8l. Achnanthes longipes Ag. - -
Hendey, 1951, p. 42, pl. 1, 2, 3

B2. Mastogloia angulata Lewis -
Hust., 1959, Kiesel. 2, p. 465, f. B55

83. Mastogloia erucicula (Grun.) Cl. -
Hust., 1955, p. 19, pl. 6, f. 12

84, Mastogloia smithi Thwaites - - -
Hust., 1959, Kiesel. 2, p. 502, f. 928a

85. Mastogloia cf. baldjikiana Grun. - +
Hust., 1959, Kiesel. 2, p. 550, f. 981

86. Mastogloia pwrila (Grun.) Cl. -
Hust., 1959, Kiesel. 2, p. 553, f. 983

87. Mastogloia mauritiana Brun -
Hust., 1959, Kiesel. 2, p. 563, f. 995

88. Mastogloia pusilla Grun. - -
Peragallo, 1908, p. 38, pl. b, f. 36-37

89. Mastogloia pusilla var. linearis Ostrup
Hust., 1959, Kiesel. 2, p. 569, f. 1002d

90. Mastogloia exigua Lewis - -
Hust., 1959, Kiesel. 2, p. 569, f. 1003

91. Mastogloia cf. tenuis Hust. -
Hust., 1959, Kiesel. 2, p. 570, f. 1004

92. Diploneis suborbicularis (Greg.) Cl. -
Hust., 1959, Kiesel. 2, p. 612, £. 1026b

93. Diploneis smithi (Breb.) Cl. - -+
Hust., 1959, Kiesel. 2, p. 647, f. 1051
94, Diploneis smithi var. pwnila (Grun.) Hust. + - +

Hust., 1959, Kiesel. 2, p. 650, f. 1052d,e

95. Diploneis gruendleri (A.S.) Cl. R
Hust., 1959, Kiesel. 2, p. 702, £. 1084

96. Diploneis splendida (Greg.) Cl, + - -
Hust., 1959, Kiesel. 2, p. 712, f. 1089
97. Amphipleura rutilans (Trent.) Cl. + %

Hust., 1859, Kiesel. 2, p. 720, f. 1093

98. Frustulia rhomboides var. saxomica (Rabh.) DeToni -
Hust., 1959, Kiesel. 2, p. 729, f. 1099a

99. Frustulia interposita {(Lewis) Cl. - -
Patrick, 1966, p. 305, pl. 22, f. 5

100. Gyrosigna exilis (Grun.) Patrick - - -
Patrick, 1966, p. 322, pl. 24, f. 4

101. CGyrosigna peisonis (Grun.) Hust. - - 4+
Hust., 1955, p. 34, pl. 10, £. 5
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Table 2 (continued)

102.

103.

104,

105.

106.

107.

108.

109.

110.

111.

112.

113.

114,

115.

116.

117.

118,

119.

120.

121.

122.

SPECIES

Gyrosigma balticum (Ehr.) Rabh.
Hust., 1930, Bacill., p. 224, f. 331

Domkinia recta (Donkin) Grun. ex V. H,
Hendey, 1964, p. 251, pl. 35, f. 7

Pleurosigma affine Grun
Peragallo, 1908, p. 162, pl. 32, f. 3

Pleurosigma strigosum W. Sm.
Smith, 1853, p. 64, pl. 21, f. 203

Pleurosigma salinarwn Grun.
Patrick, 1966, p. 333, pl. 27, f. 2

Navieula amphiplewroides Hust.
Hust., 1955, p. 30, pl. 5, £. 33-34

Navicula pygmaea Kutz.
V. H. Syn., 1885, p. 94, pl. 10, f. 7

Navicula cf. forcipata Grev.
Hust., 1955, p. 22, pl. 7, f. 12

Navicula subforcipata Hust.
Hust., 1964, Kiesel. 3, p. 533, f. 1569

Navicula nummilaria Grev.
Hust., 1964, Kiesel. 3, p. 527, f. 1566

Navicula pseudony Hust.
Hust., 19535, p. 23, pl. 8, f. 11

Navieula clavata Greg.
Hendey, 1964, p. 212, pl. 35, f. 13

Naviecula subecarinata (Grun.) Hendey
Hendey, 1951, p. 50, pl. 10, f. 2-3

Navicula mutica var. tropica Hust.
Patrick, 1966, p. 456, pl. 42, f. &

Navieula granulata Bail.
Hendey, 1951, p. 49, pl. 12, f. 2

Navicula sovereignae Hust.
Hust., 1955, p. 25, pl. 8, f. 18-19

Navieula heufleri var. leptocephala (Breb.

Patrick, 1966, p. 515, pl. 49, f. 7

Navieula cf. halophila (Grum.) Cl.
Patrick, 1966, p. 467, pl. 44, f. 4

Navicula liber var. linearis Grun.
Peragallo, 1908, p. 72, pl. 9, f. 8-10

Navicula salinarwnm Grun.
Hust., 1955, p. 27, pl. 7, £. 25

Navicula cf. notha Patrick
Patrick, 1966, p. 528, pl. 50, f. 10-11

ex Grun.)

+ |«
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Table 2 (continued) SEASON:
SPECIES

|

8 3

123. Navicula symmetrica Patrick -
Patrick, 1966, p. 513, pl. 49, f. 2

124. Navicula cf. tripunctata var. schizonemoides + - +
(V.H.) Patrick, 1966, p. 514, pl. 49, f. 4

125. Navieula powellii Lewis - -
Peragallo, 1908, p. 78, pl. 14, £. 6

126. Navicula cf. quadriseriata Cl. et Grum.
Peragallo, 1908, p. 79, pl. 14, £f. 12

127. Navicula cf. circumiexta Meist. ex Hust. + - -
Patrick, 1966, p. 442, pl. 39, f. 3
128. Navicula yarrensis Grun. + - +

Hust., 1955, p. 32, pl. 9, f. 2

129. Navieula subsaling var. major V. H. - - -
Peragallo, 1908, p. 76, pl. 10, f. 7

130. Stauroneis ealina W. Smith + -
Hust., 1930, Bacill., p. 258, f. 414

131. Stauroneis amphioxys Greg.
Hendey, 1964, p. 219, pl. 37, f. 13-14

132. Stawroneis aneeps f. linearis (Ehr.) Cl.
Hust., 1930, Bacill., p. 256, f£. 407

133. Trachyneis aspera var. minuta Per. -
Peragallo, 1908, p. 150, pl. 29, f. 7

134. Tropidoneis seriata Cl. + - -
Hust., 1955, p. 37, pl. 12, £. 1

135. Tropidoneis lepidoptera Greg. + -
Peragallo, 1908, p. 188, pl. 39, f. 3-7

136. Amphiprora alata {(Ehr.} Rutz. + - -

Hendey, 1964, p. 253, pl. 39, f. 1l4-16

137. Amphora tenerrima Aleem & Hust. N
Hust., 1955, p. 39, pl. 14, £. 15

138. Amphora cf. exigua Greg. + - +
Peragallo, 1908, p. 230, pl. 50, f. 30-31

139. Amphora cf. macilenta Greg. - -
Wood, 1961, p. 689, pl. 54, f. 141

140. Amphora bigibba Grun. - -
Hust., 1955, p. 40, pl. 14, f£. 25

141. Amphora cf. laevissima var. perminuta Grun. -
Peragallo, 1908, p. 221, pl. 49, f. 10

142. Amphora ovalis Kutz - -
V. H. Syn., 1885, p. 59, pl. 1, f. 1

143. Amphora ovalis var. affinie Grum. + +
Peragallo, 1908, pl. 44, f. 18

£
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Table 2 (continued) SEASON:
SPECIES s a

+ I«

144, Amphora mexicana A. S. -
A. S. Atlas, 1874~ , pl. 27, £. 49

145. Amphora cf. ostrearia Breb. + - +
V. H. Syn., 1885, p. 55, pl. 1, f. 25

146. Amphora angusta Greg. - -
Peragallo, 1908, p. 231, pl. 50, f. 37

147. Amphora ventricosa Greg. - - -
Hendey, 1951, p. 70, pl. 9, f. 6

148. Rhopalodia musculus (Kutz.) O. Mull. + + -
Hust., 1930, Baeill., p. 392, f. 745

149. PRhopalodia gibberula var. protracta Grun + - +
Hust., 1930, Bacill., p. 391, f. 743

150. Denticula cf. hustedtii Simonsen & Kanaya + 4 -
5. & K., 1961, p. 501, pl. 1, £. 19

151, Bacillaria paradoxa Gmel. + + +
Hust., 1930, Bacill., p. 396, f. 755

152. Nitaschia compressa (Bail.) Boyer + + +

Wood, 1961, p. 694, pl. 55, £. 174

153. WNitazschia tryblionella var. vietorige Grun. - - -
Hust., 1930, Bacill., p. 399, f. 758

154, Nitzschia tryblionella var. debilis (Arnott) A. -
Mayer. Hust., 1930, Bacill., p. 399, f. 759

155. Nitzschia cireumsuta (Bail.) Grun. - -
Hust., in A.S. Atlas, 1874~ , pl. 330, f. 1

156. Nitzsehia acuminata (W. Smith) Grun. + - -
Hust., 1930, Bacill., p. 401, f. 764

157. Nitzsehia hungarica Grun. -
Hust., 1930, Bacill., p. 401, f. 766

158. Nitzschia marginulata Grun. o+
Peragallo, 1908, p. 270, pl. 70, f. 14
159. Nitaschia laneeola Grun. + - +

Hust., 1955, p. 44, pl. 15, £. 23

160. Nitzschia siliecula Hust. - -
Hust., 1955, p. 44, pl. 16, f. 19-20

161. Nitaechia panduriformis var. minopr Grun. -
Peragalloc, 1908, p. 269, pl. 70, f. 6

162. Nitzschia pandwriformis var. continua Grun. + + 4+
V. H. Syn., 1885, p. 172, pl. 58, f. 6

163. Nitzschia brittoni Hagelst. - -
Hust., 1955, p. 46, pl. 15, £. 7-8

164, Nitascehia marginata Hust. +
Hust., 1955, p. 46, pl. 16, f. 11-12
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Table 2 (continued) SEASON:
SPECIES s a

165, Nitzsechiq of. balatonis Grum.
V. H. Syn., 1885, pl. 57, f. 28

166. Nitzschia fonticola Grun. - -
V. H. Syn., 1885, pl. 69, f. 15~19

167. Nitzschia frustulum var. subgalina Hust. + - +
Hust., 1930, Bacill., p. 415, £. 796

168. Nitzschia frustulwn var. perpusilla (Rabh.) Grunm. -
Hust., 1930, Bacill., p. 415

|

169. WNitaschia proxima Hust. -
Hust., 1955, p. 46, pl. 16, f. 13

170. Nitzschia groessestiriata Hust. + - -
Hust., 1955, p. 46, pl. 16, f. B-10

171. Nitzschia pulchella Per. -
Peragallo, 1908, p. 282, pl. 72, f. 21

172. Nitzschia cf. obtusa W. Smith -
Hust., 1930, Bacill., p. 422, f. 8l7a-c

173. Nitaschia obtusa var. gealpelliformis Grun. - -
Hust., 1930, Bacill., p. 422, f. 817d

174. Nitaschia filiformis (W. Sm.) Hust. - + -
Hust., 1930, Bacill., p. 422, f. 818a,b

175, WNitzschiaq valida Cl. & Grun. -
Peragallo, 1908, p. 289, pl. 79, £. 3

176. Nitzschia sigma (Kutz.) Smith + + +
. V. H. Syn., 1885, pl. 65, f. 7

177. Nitasehia sigma var. habirghawii Febiger - =
Peragallo, 1908, pl. 74, f. 6

178. Nitzschia sigma var. rigida (Kutz.) Grum. -
Peragallo, 1908, pl. 74, f. 9

179, WNitsechia brevirostris Hust. -
Hust., 1955, p. 48, pl. 16, f. 21

180. WNitaschia longissima (Breb.) Ralfs. * 4+ -
Cupp, 1943, p. 200, £. 154
181. WNitzsehia closterium W. Smith *x 4+ -

HuSt., 1955, po 48, pll 16, fo 16_18

182, Campylodiscus echeneis Ehr. - -
Hust., 1930, Bacill., p. 449, f. 875

183. Surirella gemma (Ehr.) Dutz + - +
Hendey, 1951, p. 76, pl. 8, f. 10

184. Surirella febigerii Lewis + - +
A. 5. Atlas, 1874- , pl. 20, £f. 9

185. Surirella praceclara A. S. + - +

Hust., 1955, p. 48, pl. 3, f. 1
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Table 2 (continued) SEASON:
' SPECIES v 8 a

186. Surirella recedens A. S. - +
Hust., 1955, p. 48, pl. 3, f. 2

187. Surirella inducta A. S. -
Hust., 1955, p. 48, pl. 3, £. 3
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Live Plankton Samples - The Phytoflagellates of Gales Creek

Information on the phytoflagellates of Gales Creek comes from the
481 water samples collected on 35 occasions between March 1965 and
April 1967. The main body of taxconomic information was obtained
through live identification and enumeration of species from 336 samples
collected at several depths from the six stations on each cruise from
December 1965 to November 1966.

Phytoflagellates appeared to be the dominant plankton throughout
most of the year in terms of standing crop, measured by cell numbers.
Only in certain periods of spring and autumm were phytoflagellate
densities noticeably secondary to diatom densities, even though in
terms of taxa represented the diatoms were the most important group of
plankton in the creek.

The yearly average for total phytoflagellate density in Gales
Creek was 5 x 10° cells/liter, only 1/4 the average of total nonno-
plankton from Beaufort Channel given by Williams & Murdoch (1966) and
from the areas east and north of Morehead City given by Thayer (1971},
and only 1/10 the average for Narragansett Bay reported by Smayda
(1957). Though part of the explanation for the lower average density
in Gales Creek compared to these other areas may be that diatom densi-
ties were not also included, it is also likely to be the product of
the strong flushing rate of the estuary combined with the influence of
low nitrogen.

Beasonal distribution of phytoflagellate densities is shown in
fig. 14B to have a moderate spring peak, a late summer maximum pulse
with strong densities continuing into autumn, and minimum concentration
in late winter and late spring-early summer. Fig. 15 shows that this
bimodal distribution was manifested largely in the middle reaches of
the estuary, where the greatest cell densities of the study also
occurred. The smallest fluctuations in phytoflagellate densities
occurred in the mixing basin, where the strong effect of tidal mixing

and exchange with higher salinity sound waters has dampened the spring
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and summer pulses. The greatest fluctuations in cell concentrations

pccurred in the headwater region, where flushing by periodically

heavy freshwater runoff often resulted in very low plankton densities.
The number of phytoflagellate species per sample ranged from 1 to

28, with greater numbers of species appearing in the higher salinity

samples, and the fewest species in surface freshwater runoff samples

or samples from stagnant anoxic bottom waters in the "pools" from the

upper reaches.

Distribution by Class: The phytoflagellates were comprised of

nine classes of algae. Seasonal distribution of these nine classes is
summarized in fig. 16.

The Dinophyceae dominated the phytoflagellates with 76 specles of
dinoflagellates. This group was well represented all year, exhibiting
a bimodal distribution similar to that of the diatoms, with the maximum
peak in April and strong concentrations through autumm, but with the
gsecondary peak occurring in August.

The second most important class, the Cryptophyceae, with 12
species of cryptomonads, was also represented all year, but attained
peak concentrations only in late summer and autumn, with no spring peak.

The Prasinophyceae, with 14 species, developed strong concentra-
tions from late summer through to early spring with peak densities in
autumn, while the Chlorophyceae, with 10 species, was represented all
months but May and developed peak densities in August and November.

The 16 specles in the Chrysophyceae placed this class second to the
Dinophyceae in number of taxa, but they were of low average concentra-
tions throughout the year, as were the 8 specles of the Haptophyceae
and the 9 species of the Euglenophyceae. Three species of uncertain
systematic position though presently placed in the Xanthophyceae,
attained bloom concentrations in some spring and late summer-early

auturm sawmples, and thus have given this class a bimodal distribution.

Characteristic Specles: Because of the large number of cruises,

samples and cell densities being worked with, it was necessary to
quantify the intuitive rankings of the dominant and abundant phyto-

flagellates and group them into their important seasonal assoclations,
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FIGURE 15

Graphs showing the seasonal distribution of total phyto-
flagellate concentrations from surface, middle, and bottom depths
at each of the six stations. Concentrations, measured in cells per

liter, are plotted against a logarithmic scale to show details

where densities were low.
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FIGURE 16

Graphs of the seascnal distribution of the phytoflagellates
by taxonomic class. Flotted concentrations, measured in cells per
milliliter, represent monthly averages from all water samples
collected. The number of specles representing each class is

indicated in parentheses.
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Species selected as characteristic of each season were those
present in over 15 samples and which either averaged over 5 cells/ml
from all samples in which they were present, or were present at a
frequency greater than 40% in all samples from one cruise. 37
characteristic speclies were established by this method.

It was possible to group these species into 11 different seasonal
distributlons, out of the total of 15 possible combinations that could
occur with four seasons. The significance of the autumn pulse is
emphasized by the presence of 24 of the characteristic species in this
season as compared to 19 in summer, 16 in spring, and only 7 in winter.

The 11 associatilons of characteristic phytoflagellates are
presented in Table 3, with the dominant species indicated by asterisks.
Illustrations of the species comprising these seasonal associations

are provided in Figures 17 to 21.

Table 3
CHARACTERISTIC PHYTOFLAGELLATE ASSOCIATIONS

(Frequency = Frequency of presence in samples from one cruise: 1 = 0-207%,

2 = 21-40%, 3 = 41-60%, 4 = 61-80%, 5 = 81-100%.)

{(Dominants = Species which attained an average density of over 25
cells/ml and over 607 frequency in samples from an entire

season.)
ASSOCIATION GREATEST GREATEST
SPECIES DENSITY FREQUENCY DOMINANTS
Cells/ml 1-5 *k
SPRING (Fig. 17)
Prorocentrum minimum 206 5 **k
Cymmodinium aureolum 41 5
Nephrochloris salina 69 b4
Amphidinium crassum bi 4
Cryptomonas pseudobaltica 26 4
Peridinium brevipes 19 4
Gymmodinium nelsont 3.8 4
Cryptomonas testacea 440 3

SPRING & SUMMER (Fig. 18)

Olisthodiscus carterae
var. olivaceus 81,000 5 A
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ASSOCIATION
GREATEST GREATEST
SPECIES DENSITY FREQUENCY DOMINANTS
Celis/ml 1-5 %
SPRING & AUTUMN (Fig. 18)
Bavlova gyrang var. simplex 38 5
SPRING, SUMMER & AUTUMN (Fig. 18)
Chroomonas minuta
var. apyrenoidosa 219 5 *k
Gyrodinium pelluaidum
. . 140 4
Gyrodinium dominans
Chroomonas amphioxeia 33 4
SUMMER (Fig. 19)
Chlamydomonas sp. b 244 2
Gymodinium rosecstigma 66 1
SUMMER & AUTUMN (Fig. 19)
Hemiselmis virescens 1,200 5 A%
Chroomonas caroliniana
Calycomonas ovalis 63 5
Pyramimonas mieron 128 4
Pyramimonas torta 83 3
Gymodinium galesianum 20 3
Chlamydomonas sp. a 10,120 2
SUMMER, AUTUMN & WINTER (Fig. 21)
Katodiniun rotundatum 1,550 5 *k
Butreptia viridis
Eutreptia lanowii 42 A
Buglena proximg
AUTUMN (Fig. 20)
Heteromastix pyriformis 20 5
Chrysochromulina minor 540 4
Chrysochromilina kappa
Gymnodinium danicans 76 4
Tetraselmis gracilis 250 3
Tetraselmis maculata 52 1
Pyramimonas pluioculata 26 1
WINTER (Fig. 21)
Byramimonas grossii 13 1
WINTER & SPRING (Fig. 21)
Heterocapsa triquetra 643 5 %ok
ALL YEAR (Fig. 21)
_ Chalmuydomonags_vectensis 11,880 4 * %
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FIGURE 17

Characteristic Phytoflagellate Associations

of Gales Creek

for Spring:
(Cryptophyceae)
Cryptomonas pseudobaltica Butcher
Cryptomonas testacea sp. nov.
(Dinophyceae)
Prorocentrun minimum (Pavillard) Schiller
Amphidinium eraseun Lohmann
Gymmodiniwn nelsoni Martin
Gyrodinium aureolum Hulburt
Peridinium brevipes Paulsen
(Xanthophyceae)

Nephrochloris salina Carter



SPRING

PROROCENTRUM MINTMUM

GYMNODINIUM NELSONI

CRYPTOMONAS PSEUDOBALTICA

NEPHROCHLORIS

SALINA

GYRODINIUM

AUREOLIM

AMPHIDINIUM CRASSUM PERIDINIUM BREVIPES
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FIGURE 18

Characteristic Phytoflagellate Associations
of Gales Creek

for Spring and Summer:

(Xanthophyceae)

0ligthodiscus carterae var. ¢livaceus var. nov.

for Spring, Summer and Autumn:

(Cryptophyceae)
Chroomonas minuta var. apyrencidesa Hulburt
Chroomonas amphioxeia (Conrad) Butcher
{Dinophyceae)
Gyrodinium pellucidum (Wulff) Martin

Gyrodiniwn dominans Hulburt

for Spring and Autumn:

(Chrysophyceae)

Pavlova gyrans var. simplex var. nov.



SPRING-
SUMMER-
AUTUMN

GYRODINIUM PELLUCIDUM

CHROOMONAS MINUTA
var. APYRENOIDOSA

GYRODINIUM
DOMIKANS

CHROOMONAS AMPHIOXEIA

SPRING-AUTUMN

SPRING-SUMMER

OLISTHODISCUS CARTERAE var. OLIVACEUS PAVLOVA GYRANS var. SIMPLEX
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FIGURE 19

Characteristic Phytoflagellate Associations
of Gales Creek

for Summer:

(Dinophyceae)
Gymmodinium rogeostigma sp. nov.
{Chlorophyceae)

Chlamydomonas sp. "b"

for Summer and Autumn:

(Cryptophyceae)

Hemigelmis virescens Droop
Chroomonas caroliniana sp. nov,
{Dinophyceae)

Gymnodiniwn galesianum sp., nov.
{Chrysophyceae)
Calycomonas ovalis Wulff
(Prasinophyceae)
Pyramimonas torta Comrad & Kufferath
Pyramimonas micron Conrad & Kufferath
(Chlorophyceae)

Chlamydomonas sp. "a"



SUMMER-AUTUMN

PYRAMIMONAS MICRON PYRAMIMONAS TORTA CALYCOMONAS OVALIS

CHROOMONAS CAROLINIANA

CHLAMYDOMONAS sp. "a"

HEMISLELMIS VIRESCLELS

CYMNODINIUM GALESIANUM

SUMMER

GYMNODINIUM | ROSEOSTIGMA

CHLAMYDOMONAS ap. "b"
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FIGURE 20

Characteristic Phytoflagellate Assoclations
of Gales Creek

for Autumn:

{Dinophyceae)

Gymmodiniwn danicans sp. nov.
(Chrysophyceae)
Chrysochromulina minor Parke & Manton
Chrysochromulina kappa Parke & Manton
(Prasinophyceae)
Heteromastix pyriformis (Carter) Manton
Pyramimonas plurioculata Butcher
Tetraselmis gracilis (Kylin) Butcher

Tetraseimie maculata Butcher



AUTUMN

HETEROMASTIX PYRIFORMIS

GYMNODINIUM DANICANS

CHRYSOCHROMULINA KAPPA

CHRYSOCHROMULINA MINOR

TETRASELMIS GRACILIS
TETRASELMIS MACULATA

PYRAMIMORAS PLURLOCULATA
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FIGURE 21

Characteristic Phytoflagellate Associations
of Gales Creek

for Summer, Autumn and Winter:

(Dinophyceae)
Katodiniwn rotundatum (Lohmann) Fott
(Euglenophyceae)
Eutreptia viridis Perty
Eutreptia lanowii Steuer

Euglena proxima Dangeard

for Winter:

(Prasinophyceae)

Pyramimonas grosati Parke

for Winter and Spring:

{(Dinophyceae)

Heterocapsa triquetra (Ehrenberg) Stein

for All Year:

{Chlorophyceae)

Chiamydomonas vectensis Butcher



SUMMER-AUTUMN-WINTER

KATODINIUM ROTUNDATUM

FUGLENA PROKIMA

WINTER

EUTREPTIA VIRIDIS

S PRI N G CHJ.AHYDONOS ECTENSIS
\

HETEROCAPSA TRIQUETRA

PYRAMIMONAS GROSSIL
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The most important spring dominant, Prorocentrwn minimwn, has been
reccrded as a species distributed evenly through the year in Pamlico
Sound (Hulburt, &t gl., 1970), and as an autumn dominant in lower
Chesapeake Bay (Patten, et «l., 1963). Katodinium rotundatwm, strongly
dominant from summer to winter in Gales Creek, was reported to give sum-
mer red water in Raritan Bay (Patten, 1961, 1962) and in the York River
(Patten, et ql., 1963} where it was dominant in summer and autummn. It
was also a most abundant species in Pamlico Sound, growing better in
winter (Hulburt, et al., 1970). The "gymnodinioid arrowhead" attaining
l(]4 cells/1l concentrations from June to November in Narragansett Bay
(Smayda, 1957} may have been this species. Pyramimonas species were re-
corded as summer and autumn dominants in lower Chesapeake Bay (Patten,
et al., 1963) as they were in Gales Creek. Another species abindant in
summer and autumn in Gales Creek, Calycomonas ovalis, was one of the
species evenly distributed through the year in Pamlico Sound (Hulburt,

et al., 1970). Heterocapsa triquetra, dominant from late winter to

éf [es early spring, was alsc a most abundant species in Pamlico Sound, growing
) [ \‘.4 {

m%“';ﬁm-l N \/T .

better in winter (Hulburt, et ail., 1970), and was reported dominant in
spring and summer in lower Chesapeake Bay {(Morse, 1947; Patten, et al.,
1963}, and dominant in summer and autumn in the York River (Fournier,
1966). But while most of the dominant species in Gales Creek appear to
be common estuarine forms, the organism which attained the highest con-
centrations of any species in the creek is a newly described variety,
Olisthodiscus carterae var. olivaceus, which reached 8 x lO7 cells/liter
in August.

The three successional stages described by Margalef (1960) - first
rapidly increasing small species, then medium sized diatoms, finally
more free-swimming speclies with lower potential increase - were not ob-
served to occur in Gales Creek, probably because the rapid flushing rate
of the estuary would not allow a body of water to remain {fntact long
enough for exhaustion of nutrients and accumulation of metabolites and

inhibitors to occur.

Biomags: Standing crop of phytoflagellates in this study has been
measutred by cell counts. This might be said to place a disproportioenate
emphasis on the smaller-celled specimens, where the total biomass om a

number of small cells may actually be less than a few cells of a larger



99

species. The importance of these plankton species to grazing herbivores
is certainly more & function of the tetal cell carbon they provide than
of their numbers.

To give some perspective to the numerical data on the phytoflagel-
lates, the average cell volumes of the 37 characteristic species in the
estuary have been calculated by measuring the water displacement of clay
scale models. These species have been arranged in Table 4 in order of
decreasing volume, where 1t may be seen that one cell of the largest
species, Gymodinium nelsoni , is equivalent in volume to 2000 cells of
the smallest species, Heteromastix pyriformis.

Since there are no large central vacuoles In these species, as
there are in the diatoms, these cell volumes may be considered plasma
volumes. The calculated total plasma volume of the largest cell con-
centration achieved by each characteristic species 1s included in the
table, along with the carbon equivalent for each of these concentra-
tions, calculated with Strathman's (1967) figure for the ratio between
cell carbon and plankton cell volume of 0.11 picograms/p3. Mullen, et
al. (1966), found that cells of smaller species had more carbon per
unit cell velume than larger species, and the five non-diatom species
they studied ranged from 0.26 to 0.06 picograms/ua, s¢ the figures in
the table might be in error by a factor of 2 or more.

Table 4 shows the importance, in terms of biomass, of the larger
third of the characteristic species. The 230 cells/ml of Heterocapsa
triquetra, for instance, c¢ould have contained more carbon than the
approximately 12,000 cells/ml of Chlamydomenas vectensis. Over 2/3 of
the characteristic species, however, were under 1500 u3 in volume and
20 p in length. Smaller cell size provides a greater proportion cf sur-
face to volume, which can enable more rapid uptake of nutrients and per-
mit a more rapid metabolism and growth of these smaller species when
advantageous conditions appear in the estuary. Thus use of cell volume
in calculating standing crop may overemphasize the importance of the
larger species.

It must be remembered that biomass, whether calculated by number of
cells or volume of plasma, still represents an instantaneous quantity of
organisms, and does not include the time factor concerned with the devel-
opment of the crop. In an estuary where tidal currents are continually

diluting the plankton populations, low standing crops do not necessarily
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mean a low rate of production. What is really important for the eco-
system is the rate at which the densities of populations in the com-

munity are produced, and future studies should include such measurements.
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Taxonomy of Gales Creek Phytoflagellates

The nine classes of phytoflagellates in Gales Creek consisted
of 152 species distributed in 49 genera. 102 of these species were
previously described, while 32 species, 4 varieties, and 6 combina-
tions are new to science. All taxa, previcusly described or new,
are presented here with descriptions and figures based on the Gales
Creek material. Systematic arrangement primarily follows the classi-

fication based on Christensen (1962) used by Parke & Dixon (1968).

(Class Cryptophyceae)

Hemiselmis virescens Droop

(pl. 1, £. 1 a-b, pl. 22, f. 1-3)

Hemiselmis vireseens Droop, 1955b, p. 238, f. 7-11; Butcher, 1967,
p. 17, pl. 1, £. 8, pl. 14, £. 1.

Cells small, body asymmetric, generally bean-shaped in lateral
view, laterally compressed, elliptical in dorsal view. Length 4-6y,
width 2-4u. Furrow short and shallow, running at an angle across the
middle of the depressed ventral surface, lined with a few trichocysts.
Flagella 2, sub-equal, about body length, inserted in the ventral
depression but directed anteriorly,

Chromatophore single, greenish-blue, parietal, covering 1/2-2/3
the cell surface. Round pyrenoid-like refractive body present,
usually in the posterior portion of the cell. No stigmatic granules
or vacuoles observed.

Rock poocls from Scotland and England.

Gales Creek: At lower magnifications used in counting, this

species was not distinguished from Chroomonas caroliniana sp. nov.,
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so the following data covers both species: Present all year, abundant
in summer and autumn; euryhaline, from Q0 to 330/00 salinity; observed

in 140 samples.

This blue bean-shaped organism differs frecwm the similar small
species Chroomonas caroliniana sp. nov., with which it was counted,
in the more ventral insertion of the flagella in the more laterally
angled short ventral furrow. Droop's description includes mention of
1-3 reddish stigmatic grains, which were not observed in the Cales
Creek material, but Butcher describes these as inconspicucus, they
are not shown in his 1llustrations, and they were not observed in
the live type culture personally examined at Mary Parke's laboratory
in Plymouth.

Studies: Pigments--Allen, et al. (1959); O hEocha & Raftery
(1959); Riley & Segar (1969). Vitamin requirements--Provascli (1963).
Fatty acids—--Beach, et al. (1970).

Chroomonas caroliniana sp. nov.
(P1. 1, £. 2 a-b)

Cells small, body asymmetric, dorsiventrally compressed,
variable in shape but in general elliptical in ventral view, anteriorly
obliquely truncate and posteriorly rounded, dorsal surface convex and
ventral surface straight or concave in lateral view. Length 5=9-(12) u,
width 3.5~6-(8)u, thickness 2.5-4u. Ventral furrow indistinct, lined
with one or two rows of 2-4 trichocysts which extend to slightly
beyond the middle of the cell. Flagella 2, sub-equal, between 1/2 and
3/4 the body length, inserted in the anterior end of the ventral
depression,

Chromatophore single, greenish-blue, a lobed parietal mantle
covering the dorsal and lateral surfaces of the cell. Stigma a small
elongate orange granule positioned against the imner side of the middle
or more posterior portion of the chromatophore. One or two spherical
refractive pyrenoid or pyrencid-like bodies present in the central or

posterior portion of the cell.
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Gales Creek: At lower magnifications used for counting, this
species was not distinguished from Hemiselmis virescens Droop, des-
cribed above, sc the following data covers both species; Present all
year, abundant in summer and autumn; euryhaline, from 0 to 330/00
salinity, greatest numbers in August (775-1200 cells/ml) in oligo-

haline water; observed in 140 samples.

This organism differs from the blue bean-shaped cells of Hemi-
selmis virescens Droop in the more anterior insertion of the flagella
in a more longitudinal ventral furrow, and from Chroomonas baltica
(Blittner) Carter, the other blue-pilgmented cryptomonad in Gales Creek,
in the smaller size and presence of an orange stigma.

Chroomonas vectenele Carter (1937) is a brackish water species of
similar size but which lacks both the stigma and definite dorsi-
ventral compression of the body. The weakly pigmented stigma of
the Gales Creek material could be overlooked because of masking by
the blue-green chromatophore. Material from Woods Hole classified by
Hulburt (1965a) as (. vectensis is illustrated with a lack of detail
that suggests the possibility that a stigma may have been overlooked,
for his organisms appear to exhibit the same general contours and
definite dorsi-ventral compression found in the Gales Creek specimens.

Chroomonas coerulea (Geitler) Skuja (1948), described first as
Cryptomonas coerulea by Geltler (1922) from fresh water, is similar in
size and form, but the stigma is adjacent to the ventral margin away
from the chromatophore, and the body is only slightly compressed
laterally. A similar species, Chroomonas rosenbergae Huber~Pestalozzi
(1950), collected from fresh water and described from agar cultures
by Rosenberg (1944) but incorrectly ascribed by him to (. nordstedti:
Hansgirg, also has a stigma, but it is carmine red and more deeply
positioned in the cell, and the shape of the body is more ovoid with
apparently little if any compression. Anterior contractile vacuoles
described for these fresh water species were absent in the Gales Creek
organisms.

Chroomonas mesostigmatica Butcher (1967), examined in detail by

Dodge (1969) is from brackish water, but it is uncompressed, has a
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definite pyrenoid which is positioned posteriorly and ventrally, and

its central stigma is comprised of a mass of carotin grains,

Chroomonas baltica (Buttner) Carter
(pl. 1, £. 3 a-b, pl. 22, f. &)

Chroomonage baltica (BUttner) Carter, 1937, p. 55, pl. 8, f. 6-8;
Butcher, 1967, p. 23, pl. 1, f. 16. Cyanomonas baltica Buttner,
1911, p. 129, £. 9. ?Cryptomonas sp. Dangeard, 1910, p. 212.

Cells moderate in size, body asymmetric, dorsiventrally compressed,
somewhat 1lrregular in shape but in general varying from slightly
ovoid to slightly obovoid in ventral view, obliquely truncate anterior-
ly and posteriorly rounded, dorsal surface more convex than the ventral
surface in lateral view. Length 11-18u, width 6-10u. Ventral furrow
and gullet indistinct, L/2 body length, extending slightly beyond
middle of cell, lined with two rows of trichocysts. Flagella 2,
sub-equal, about 2/3 the body length, inserted in the anterior portion
of the ventral groove.

Chromatophore single, greenish-blue, a lobed parietal mantle
covering most of the dorsal and lateral surfaces. Stigma absent,
Vacuole sometimes observed near apex. Two round refractive pyrenocid-
like bodies, though sometimes one or three, placed in the posterior-
central portion of the cell.

Kiel Harbor, Germany; Isle of Wight, England; Belgium.

Gales Creek: Rare, in winter and early spring; from 15 to 330/00

salinity; observed in 23 samples.

Apparently the only difference separating this species from
Chroomonaes nordstedtii Hansgirg (1885), as described and illustrated
in Skuja (1948), is that ¢. bgltica is a brackish water species. In
Gales Creek its salinity range was between 15 and 330/00 but the Isle
of Wight type locality ranged between 1 and 40/00. Carter (1937) and
Butcher (1967) do not appear to have considered the close similarity
of Hansgirg's freshwater species. Tf future comparison should reveal

that these two species are in fact identical, then Hansgirg's name
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must take precedence. Chroomonas caroliniana sp. nov. differs from

this species mainly in its smaller size and possession of an orange

stigma.

Chroomonas minuta (Skuja), comb. nov., var. apyrenoidosa Huburt
(pl. 1, £. 4 a=f, pl. 22, f. 5-6)

Cells small, body lenticular to somewhat obovoid, obliquely
truncate anterjorly, acute or narrowly rounded posteriorly, dorsal
surface convex, ventral surface straight, widest portion just
anterior to the middle of the cell. Length 4-8-(10)u, breadth 3-5,.
Ventral surface lined with 1 or 2 rows each of 2 to 5 trichocysts,
extending 1/2 to 3/4 the body length. Flagella 2, equal, about 2/3
the cell length, inserted on the ventral obliquity.

Chromatophore single, from pale reddish-hrowm to brownish-
vellow in color, dorsal in position and usually extending almost the
full length of the cell. A spherical refractive granule is often
present anteriorly.

Woeods Hole, Mass.

Gales Creek: Absent in winter, abundant in summer and autumm
with up to 219 cells/ml in August; euryhaline, from 1 to 320/00

salinity; observed in 71 samples.

This organism is similar to the freshwater form Fhodomornas
minuta var. mannoplonktonica Skuja {1948), but lacks a pyrenoid. Tt
often resembles a miniature Chroomonas amphioxeia (Conrad) Butcher
(1967}, a species with which it is probably closely related, as cells
in the overlapping size range were sometimes difficult to tell apart

when both species were present in Gales Creek.

Since the genus Rhodomonas basically differs from Cryptomonas and
Chroomonas only in its red color, and since color is so variable in
these genera, Butcher (1967) feels that it must be ignored as a generic
character, and so he considers Rhodomonas a superfluous genus. Those
specles with a rudimentary gullet or a simple furrow lined with just

two rows of small trichocysts he places in Chroomonas, and those with a
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complex furrow-gullet system lined with three or more rows of tricho-

cysts he places in Cryptomonas.

Chroomonas amphioxeia (Conrad) Butcher
(pl. 1, £. 5 a-e, pl. 22, f. 7-9)

Chroomonae amphioxeia (Conrad) Butcher, 1967, p. 31; Rhodomonas
amphioxzeia Conrad, 1939b, p. 2, f. 3-6; Hulburt, 1965a, p. 92, pl. 3,
fa 9_12.

Cells moderate in size, body obovoid to lenticular, greatest
width somewhat forward of center, slightly compressed laterally,
somewhat ob-chordate in cross-section; dorsal surface convex,
ventral surface flattened, anterior end obliquely truncate, posterior
end acute or drawn ocut in a rounded tip. Length B8.5-15-(18)y, breadth
5-10u. Ventral furrow shallow, beginning anteriorly and extending
from 1/2 to 3/4 the length of the ventral side, lined with 2 longi-
tudinal rows of 4 to 10 trichocysts each. Flagella equal, about 1/2
the body length, inserted on the anterior-ventral obliquity.

Chrematophore single, reddish-brown to yellowish-brown, posi-
tioned against the dorsal surface, extending almost the full length
of the cell but only partially covering the sides. Pyrenoid absent,
though sometimes a bulge from the underside of the chromatophore at
its greatest point of arc has a somewhat pyrenoid-like appearance. A
spherical refractive body is often present anteriorly, other refrac-
tive granules sometimes scattered through the cytoplasm.

Belgium; Woods Hole.

Gales Creek: Rare in winter, abundant in April and from August
to November; euryvhaline, from 1 to 330/00 salinity; observed in 125

samples.

In shape, slze and color, the Gales Creek material was very
similar to Hulburt's, though trichocyst areas were not usually as

large as he 1llustrates. Discrimination became difficult when smaller
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specimens of C. amphioxeia overlapped in size with the largest cells
of . minuta var. apyrenoidosa Hulburt (1965a) also present in the

estuary.

Cryptomonas pseudobaltica Butcher
(pl. 1, £. 6 a-1i, pl. 22, f. 10-12)

Cryptoronas pseudobaltica Butcher, 1967, p. 44, pl. 6, f. 2; Rhode-
monas baltiea sensu Zimmerman, 1923, p. 285, f. la; 1925, pl 4,

pl. 1, £. la~d; Carter, 1937, p. 54, pl. 8, f. 4-5; non Karsten, 1898,
p. 15, pl. 1, f. 8-12.

Cells moderate in size, body only slightly compressed, elliptical
to somewhat ovoid im ventral view, obliquely truncate anteriorly,
rounded posteriorly. Length 9-16p, width 5.5-12y. Periplast rigid,
bearing a double series of obligue striations. Ventral furrow wide
and flat in the anterior portion of the ventral surface, the margins
gradually overlapping and closing to form a deeper gullet which
extends to about the center of the body or somewhat beyond; Tricho-
cysts lining the furrow-gullet varying greatly in number but often
appearing te lie in four longitudinal rows. Flagella 2, sub-equal,
about 2/3 the body length, inserted anterioerly in the furrow.

Chromatophore single, parietal, with two lateral lobes joined
dorsally in the region of the pyrenoid, coler varying from red to
reddish-brown to yellowish-brown. Large round pyrenoid usually
discernable centrally, outlined by starch platelets; various refrac-
tive granules and glcbules scattered through the cytoplasm.

Baltic Sea; English coast.

Gales Creek: Present all year but never in any concentrations:

euryhaline, from O to 320/00 gsalinity; observed in 85 samples.

Karsten's description of Rhodomonas baltica includes no mention
of pyrencid or trichocysts, thereby leaving the identity of this form
questionable. Butcher therefore erects a new species for Zimmerman's

more completely described organism, and on the basis of its 3 or more
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trichocyst rows places it in Cryptomonmas, having eliminated the genus
Fhaodomonas as being superfluous.

Butcher's description gives the size range recorded by Zimmerman
(18-30u x 5-8p) but the material Butcher illustrates is smaller--
the same general size as reported by Carter (12.5u x 7u x 6u), which
was also the average size of the Gales Creek material.

The structure of the ventral furrow, usually difficult to discern,
appeared in one favorable instance under careful light microscope exam-
ination to become gradually deepened and overlapped by one of the fur-
row margins while extending down the body of the cell, as shown in
plate 1, fig. h, 1.

In culture, the Gales Creek material was observed to exhibit two
phenomena reported by Zimmermann (1923): a negative phototaxis, and a
change in chromatophore color from red in weak light to shades of red-
dish or even yellowish brown in brighter light. The red color also
disappeared as the cultures aged; the cells became greenish-yellow
and filled with starch granules.

Cryptomonas salina Wislouch (1924) is almost identical to C.
pseudobaltica, but according to Butcher it only has 2 rows of tricho=~
cysts, and on this basis it is reclassified Chroomonas satlina
(Wislouch) Butcher (1967). Rhodonomas rubra Geitler {1922), not men-
tioned by Butcher, has a slightly larger size range (13-20u x 8-10w)
but otherwise appears identical to the above species, and is illustrated
with only 2 rows of trichocysts. Lf this fresh water organism is in-
deed the same as (. sglina, also first described from fresh water, then
Geitler's name must take precedence over Butcher's combination when
transferred to the proper genus: Chroomonas rubra (Geitler) comb. nov.

Hulbert (1965a) describes Cryptomonas salina from Woods Hole, but
his illustrations indicate the presence of 3 and 4 rows of trichocysts,
which suggests that in fact he was observing the same species found in
Gales Creek, €. pseudobaltica. Carter (1937) reported both red 7.
baltica and brown C. salinma from a brackish pond on the Isle of Wight,
but her R. baltica was only found in the winter when light intensities
are low, and her (. salina illustrations appear to indicate more than
two rows of trichocysts, so perhaps they were both merely different

color forms of C. pseudeobaltica.
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Cryptomonas pseudobaltica is very similar to 3 other species recently
described from cultures isolated by Mary Parke and which 1 had an op-
portunity to observe in Plymouth, England.

C. maculata Butcher (1967), is described as having straighter
sides, a more narrow outline, and a pyrenoid absent or not well marked
by starch sheathes. The cells were slightly larger and more compressed
than described, possessed a thinly starch-ensheathed pyrenoid and
striated periplast not mentioned by Butcher, but were generally more
elongate than the Gales Creek material, though some individual speci-
mens from Gales Creek were very similar in shape. (. retfculata Lucas
(1968) appeared in ventral view as it does in Lucas' photographs, very
similar to cells photegraphed from Gales Creek, but though the Lucas
culture had cells much more compressed In lateral view than described,
they did exhibit a ventrilaterally curved posteriority which was never
observed in my material, and his cells were also of a somewhat larger
size (20u x 10p). (. ecaleeiformia Lucas (1968) is illustrated as
having a very short gullet, but cells observed in the culture possessed
trichocyst areas over 1/3 the body length. The cells were also some-
what larger than described and were more rounded posteriorly, and in
general were very similar to the . maculataq culture, being somewhat
more elongate than C. pseudobaltica.

These species were each described from vigorous clonal cultures.
As the cultures age the average cell size Increases, and various other
deviations from the described forms appear. Given the variation in con-
ditions in the natural environment identification of these forms in the
field should prove to be very difficult, if indeed these are all sepa-
rate species and not just sub-specific variations isvlated as clones in

culture.

Cryptomonas cf. rostrella Lucas
(pl. 2, £. 8 a-c)

Cryptomonas rostrella lucas, 1968, p. 537, £. 1la, 2, 3.
Cells moderate to large In size, laterally compressed, variable in

shape with forms which may be elliptical, obovold, fusiform or sub-rec-

tangular, over twice as long as broad, anterior end obliquely truncate,
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posterior end broadly to acutely rounded, ventral and dorsal contours
straight to convex. Length 16-20 u, breadth 7-10 yu, thickness 5-7.5 y.
Trichocyst area moderately narrow, extending 2/5 to 3/5 the length of
the cell. Flagella 2, equal, over half the length of the cell,

Chromatophore single, parietal, covering all sides of the cell
though sometimes indented somewhat posteriorly, reddish- to vellowish-
brown. Stigma moderately small, variously shaped, red to orange in
color, lying mext to the ventral margin slightly posterior to the mid-
dle of the cell. Pyrenocid single, dorsal and central or somewhat pos~
teriorly positioned, covered with starch plates.

Roscoff, France.

Gales Creek: Rare, in autumn and early spring; euryhaline, from 1

to 330/00 salinity; observed in 9 samples.

A number of individual organisms of somewhat different form have
been grouped together here because of their similarity in size, color-
ation, and possession of a stigma and single starch-sheathed pyrenoid.
The form most often encountered, however, is that shown in Fig. 8a.
This differs from Lucas' more anteriorly rostrate and posteriorly
tapering type illustration (Fig. la), but is similar to cells in his
photographs (Figs. 2 and 3). The Gales Creek cells were mostly smaller
than the minimum dimensions given by Lucas. He described his species
from a clonal culture and not from field material, so I am assuming a
greater variation of the species In nature which allows me to tenta-
tively place these Gales Creek forms under . rostrellq until more ob—
servations are made on both the species and these forms. (I am also
tentatively placing here a larger form, 33y x 15y in size with an
orange stigma, shown in pl. 2, fig. 8d and pl. 22, fig. 13.)

Cryptomonas stigmatica Wislouch (1924) is the only other stigma-
possessing species similar in size, form and color to the Gales Creek
material, but it differs in the possession of two pyvrenoids. None of
the Gales Creek specimens showed this distinguishing character, though
C. stigmatica has been reported on the east coast from Woods Hole by
Hulburt (1965a).
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Cryptomonas testacea sp. nov.
(pl. 2, £. 9 a-d, pl. 22, £f. 14-186)

Cells large, body elliptical but occasicnally somewhat ovoid or
cbovoid, body 2 to 3 times as long as broad, somewhat compressed lat-
erally, with dorsal and ventral contours only slightly convex or some-
times straight, anterior end obliquely emarginate, anterior tip acute
or rounded, posterior countour broadly rounded or tapering and more nar-
rowly rounded. Length 17-25 y, breadth 7-12 p, thichness 6-9 u. Gul-
let moderately broad, extending posteriorly usually beyond the middie
of numerous trichocysts. Flagella 2, slightly exceeding half the body
length, ingerted anterior-ventrally in the mouth of the gullet.

Chromat ophores two, reddish-brown in color, though sometimes of a
more browvmish-yellow hue, positicned laterally but with one often ex-
tending more toward the dorsal surface, the other more toward the ven-
tral. Pyrenocid single, though occasionally two may be present, round
or somewhat elliptical, large, lying dorsally in the middle of the cell,
outlined by ensheathing starch plates; the presence of the pyrenoid(s)
may be difficult to determine if the starch plates are not present.
Stigma absent. Assimilate granules and globules usually scattered along

the chromatophores and clustered posteriorly.

Gales Creek: Present in spring and autumn with some abundance in

April; from 1 to 280/00 salinity; observed in 32 samples.

This species was first tentatively classified as Cryptomonas
rifescens Skuia (1939) the description of which indeed fit the Gales
Creek specimens rather well, including the.large elliptical sometimes
shelled dorsal pyrenocid. But in his 1956 publication, Skuja states
that . rufescens actually does not have a pyrenoid, but instead 1 or 2
"elliptical bodies" are to be found in the middle of the cell. From
Skuja's figures in both publications, it would appear that these ellip-
tical bodies could not easily be mistaken for typical pyrenoids.

Another reddish-brown species of the same size, (ryptomonas cuprea
Skuja (1956) is more cylindrically elongate, with a more diagonally
directed gullet and more obliquely truncate anterior contour, and though

lacking a typical pyrenoid, also possesses 1 or 2 "elliptical bodies" as
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in C. rufescens. Both of these species were described from lakes in
Sweden.

Cryptomonas stigmatica Wislouch, as described by Hulburt (1965a),
from brackish water in the Woods Hole vicinity, is similar in size,
shape, and coloration to the Gales Creek material, but differs in pos-
sesging the striking characters of a lunate red stigma and two pyre-

noids which proliferate large sub-hemispherical starch bodies.

Cryptomonas ovata Ehrenberg
(pit. 2, £. 11 a-b, pl. 22, f. 17-18)

Cryptomonas ovata Ehrenberg, 1838, p. 41, Pascher & Lemmermann, 1913,
p. 107, £. 168; Skuja, 1939, p. 94-95, pl. 5, f. 10-11; Prescott, 1962,
p. 442, pl. 95, f. 40.

Cells large, body elliptical to ovoid, widest portion in middle of
cell or slightly posterior to this, over twice as long as wide,
slightly compressed laterally, obliquely truncate anteriorly, rounded
posteriorly, dorsal contour more convex than ventral contour, the lat-
ter sometimes straight. Length 18-27 u, breadth 8.5-12 u. Trichocyst
area broad, extending to the middle of the cell or somewhat past it,
only slightly nearer the ventral side of the body. Flagella 2, 1/2 to
2/3 the body length, inserted in an anterior-ventral depression before
the gullet.

Chromatophores 2, parietal, covering the lateral faces of the cell,
olive-yellow to olive-brown. Pyrenoid absent. A refractive elliptical
body may be present dorsal to the trichocyét area in the anterior por-
tion of the cell, other smaller granules may be found scattered in the
cytoplasm,

Cosmopolitan, usually fresh water.

Gales Creek: Rare, in spring and summer; eurvhaline, from O to

300/00 salinity; observed in 8 samples.

The few Gales Creek cells observed were near the smaller end of
the great size range, 14-68u x 8-26u, reported by Skuja (1939) for this

variable species.
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Studies: TFlagella and periplast fine structure -- Hibbard (1971).
Phototaxis -- Bendix (1960). Pigments -- Gantt, et al. (1971).
Chromosome number -- Godward (1966). Fatty acids -- Beach, et al.

(1970).

Cryptomonas ercsa Ehrenberg
(pl. 1, £. 7 a-b)

Cryptomonas erosa Ehrenberg, 1838, p. 41; Pascher & Lemmermann, 1913,
p. 103, £. 163-164; Skuja, 1948, p. 354, pl. 38, f. 15, 16; Prescott,
1962, p. 442, pl. 95, f. 39.

Cells moderate in size, body obovoid to somewhat elliptical,
widest portion in the anterior half of the cell, compressed laterally,
ventral margin straight or convex, dorsal side more strongly convex,
anterior end obliquely truncate, dorsal and ventral contours tapering
posteriorly to an acutely rounded end. Length 12-16 u, breadth 6-8.5 u.
Trichocyst area moderately broad, extending to the middle of the cell
or slightly beyond. Flagella 2, sub-equal, about 3/4 the body length,
inserted anterior-ventrally.

Chromatophores 2, olive-yellow to olive-green, parietal, covering
all but an anterior portion of the cell. Pyrenoid absent. 1 or 2 large
elliptical refractive bodies present dorsally in the middle portion of
the cell, smaller granules scattered around the periphery.

Cosmopelitan, from fresh and salt water.

Gales Creek: Rare, late spring, summer and early winter; from

0 to 270/00 salinity; observed in 26 samples.

The Gales Creek forms had cell dimensions at the lower end of the
size range given by Skuja for this species (length 13-45p, breadth 6-26
Uy, thickness 6-17y). The more tapered posterior cutline and more
oblique anterior profile served to distinguish these forms from the

previous species, Cryptomonas ovatla Ehrenberg.
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Cryptomonas borealis Skuja
(pl. 2, £. 10 a-c, pl. 22, f. 19)

Cryptomonas borealis Skuja, 1956, p. 347, pl. 60, f. 17-26.

Cells large, body strongly compressed laterally, elliptical in
side view, dorsal surface more convex than the ventral surface, which
may be almost straight; a blunt rostrum, broad in dorsal view, projects
forward anteriorly, and ventral to it lies the mouth of the gullet;
body broadly rounded posterierly. Lenght 25-41 u, breadth 12-22 y,
thickness 7-10 u. Gullet 2/3 the length of the body, clavate in shape,
broadening as it extends posteriorly and somewhat dorsally, all but the
anterior portion lined with a multitude of trichoeysts. Flagella 2,
subequal, 2/3-3/4 the length of the cell,

Chromatophore appears to be single, parietal, covering the entire
body surface, clive-yellow in color, granular. Pyrencid absent. 1-3
large elliptical assimilate bodies present dersally.

Described from fresh water in Sweden.

Gales Creek: Rare, July; fresh water only; observed in 6 samples.

Skuja (1956) describes the cells as having either one or two
chromatophores. COryptomonas rosiratiformis Skuja in Huber-Pestalozzi
(1950), the substitution for the illegitimate name . rostrata Skuja
(1948), is a species very similar in form but is larger (48-60Qu in

length) and lacks the 1-3 characteristic elliptical bodies.

Cryptomonas croatanica sp. nov.
(pl. 2, f. 12 a-c, pl. 22, £f. 20)

Cells moderate in size, body obovoid in dorsal view, unsymmetri-
cally obovoid in lateral view, circular in cross-section, broadly
obliquely truncate antericrly both in lateral and dorsal view, tapering
and rounded posteriorly; dorsal surface convex, ventral surface
straight or somewhat concave, the anterior-ventral corner of the cell
extended into a buldge which contains the mouth of the gullet. Length
15-20 y, width 11-12 p. Gullet less than half the body length but ex-
tending beyond the middle of the cell in an oblique direction from the
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mouth, lined with several rows of 4-6 trichocysts. Flagells 2, equal,
body length, inserted in the mouth of the gullet,

Chromatophores 2, olive-green to olive~brown, extensive, one
covering the dorsal and half the anterior surface, the other the ventral
surface. Pyrencid absent, but one or two large elliptical bodies
often present dorsally. Other assimilate granules small and scattered.

Gales Creek: Rare, Iin february and March; oligohaline, from

0—50/00 salinity; observed in 5 samples.

The distinctive form of this obovold organism is created by the
projection of the gullet mouth into a bulge at the ventral end of the
breadly obliquely truncate anterior surface. The only similar species
described, Cryptomonas pusilla Bachmann (1923} (see Skuja, 1954),
differs in its smaller size (7-12u x 5-7u), single chromatopore, and

the more dorsal position of the gullet mouth anteriorly.

(Class Dinophyceae)

Prorocentrum micans Ehrenberg
(pl. 3, f. 13 a-d; pl. 23, f. 1)

Prorocentrum micans Ehrenberg, 1833, p. 307; Schiller, 1933, p. 35,
f. 37; Martin, 1929, p. 11, pl. 3, f. 10-13, pl. 7, f. 4; also
Bursa, 1959, and Dodge, 1965.

Cells very large, obovoid, compressed, theca composed of two
valves with punctate surfaces, the dorsal valve more convex than the
ventral valve, body anteriorly truncate or slightly emarginate and
bearing a pointed tooth which may vary in length from 1 to 10y, body
acutely rounded or pointed posteriorly. Length 40-50u, width 25-33y,
thickness 18u. Flagella 2, inserted in a small anterior depression,
one normally undulating around the tooth, the other extending
ventrally and posteriorly, approximately equal to the cell in length.

Chromatophores two, large, one underlying each valve, yellow-

brown. Nucleus elliptical, basal, with short chromasomal bodies
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visible. Large pusule reservoir present anteriorly.

Widely distributed in esturine, neritic and oceanic waters in
both North and South Atlantic.

Gales Creek: Present in early spring and late autum; eury-

haline, from 1 to 320/00 salinity; observed in 21 samples.

Studies: Fine structure--Dodge (1965). Pyrencid matrix—-
Kowallik (1969). Pigments--Pinckard, et al. (1953); Riley & Wilson
(1967). Chromosome numbers—-- Dodge (1963c); Godward (1966). Chromo-—
some helix--Dodge (1963). Nuclear division--Dodge (1963b). Tricho-
cysts--Bouck & Sweeney (1966). Phototaxis--Halldal (1958). Growth
rates--Braarud (1961). Fatty acids—-Chuecas & Riley(1969).
Toxicity--Pinto & Silva (1956).

Prorocentrum mintimun (Pavillard) Schiller
(pl. 3, £. 14 a-c; pl. 23, f. 2)

Prorocentrum minimum (Pavillard) Schiller, 1933, p. 32, f. 33.
Exuviaella minima Pavillard, 1916, p. 11, pl. 1, f. la-b. Proro-
centrum triangulatum Martin, 1929, p. 12, pl. 3, f. 14-18.

Cells large, broadly oboveid to sub-triangular, strongly com-
pressed, theca of two valves with punctate surfaces and striated
margins; anterior contour very broad, bearing a short tooth, body
rounded posteriorly. Length 13-25u, width 12-22y, thickness 8-10y.
Flagella two, one undulating about the tooth, the other extending
posteriorly and equal to the cell length.

Chromatophores yellow-brown, irregularly lobed. Nucleus
elliptical, basal, small chromosomal bodies visible. Pusule reser-
voir anteriorly positioned with exit canal throught the flagellar
pore.

Atlantic coasts and Mediterranean Sea.

Gales Creek: Present all year, with high densities in April,
up to 206 cells/ml; euryhaline, from 1 to 330/00 salinity; observed

in 60 samples.
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Mainly on the basis of shape, Hulburt (1965) creates two varie-
tles from previously described species: P. minimum var. triangulatum
(Martin) Hulburt, a triangular form, and P. minimem var. mariqe-
lebouriae {(Parke & Ballantine) Hulburt, a toothless oval form.

The shape of the Gales Creek specimens was found to lie between the

illustrations of Schiller and the more triangular figures of Martin.

Prorocentrum redficldi Bursa
(pl. 3, £. 15 a~b; pl. 23, f. 3-4)

Prorocentrun redfieldi Bursa, 1959, p. 19, f. 121-124.

Cells large, elongately obovoid ("comma-shaped"), theca of two
valves with the dorsal valve convex and the ventral wvalve flat to
concave; anterior contour rounded and bearing an apical tooth composed
of a narrow spine with a hyaline wing, body narrowly tapering to a
point posteriorly. Length 25-27u, width 8,5-10p, thickness 5u,
length of tooth 4-5u. Flagella 2, inserted anteriorly adjacent to
the tooth, around which one undulates, the other extending poster-
iorly, shorter than the body length.

Chromatophores two, one in each valve, moderate in size, lobed.
Nucleus elliptical, posterior, short chromosomal bodies visible.

One or two orange stigmatic granules and pusule reservoir present
anteriorly.

Described from Woods Hole.

Gales Creek: One appearance in June; from 24 to 270/00 salinity;

observed in 2 samples.

Exuviaella compressa (Stein) Ostenfeld
(pl. 3, £f. 16 a-c; pl. 23, £. 5-6)

Exuviaella compressa (Stein) Ostenfeld, 1899, p. 59; Schiller, 1933,
p. 17, £. 11; Martin, 1929, p. 10, pl. 3, f. 5-6; Wood, 1968, p. 55,
£. 137. Dinopyxis compressa Stein, 1883, pl. 1, f. 34-38., Proro-
centrum compressum (Stein) Abe, 1967, p. 372.
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Cells large, elliptical, slightly compressed, theca of two valves
both slightly indented anteriorly and rounded posteriorly, with no
conspicuous poroids; apical tooth abseat. Length 21-31y, width 15-19y,
thickness 13-15u. Flagella 2, arising from the flagellar pore in the
anterior depression, one ribbon-shaped and normally undulating in a
circle, the other terete, slightly shorter than the cell length and
extended posteriorly when the cell is freely moving.

Chromatophores two, yellow to brown, one against each valve,
large and irregularly lobed. Two spherical pyrenoid-like bodies
present centrally, one in each valve. Nucleus large, spherical,
basal, large oval chromosomal bodies visible. Pusule reservoir very
large, anterior, with exit caral through the flagellar pore. Various
large red stigmatic granules often present.

Cosmopolitan species: Mediterranean Sea, Atlantic coasts,
Caribbean and Gulf of Mexico.

Gales Creek: Present in low numbers all year except June and

July; euryhaline, from 4 to 320/00 salinity; observed in 45 samples.

The Gales Creek specimens, like those observed by Wood (1968)
from the Caribbean and adjacent areas, differed from the type in the
absence of an apical tooth, the lacking of conspicucus poroids, and
the lesser degree of compression, but also differed from Woods'

material in being smaller than the 30-50i size range he gives.

Exuvigella mavrina var. adnatodens var. nov.
(pl. 3, f. 17 a-d; pl. 23, f. 7-8)

Exuviaella marina Cienkowski, 1881, p. 159, f. 36-37; Schiller, 1933,
p. 20, f. 15; Carter, 1937, p. 57, pl. 6, f. 32-34. Fruviaella limz
(Ehrenberg) Butschli, 1885, p. 5, pl. 41, f. 2; Martin, 1929, p. 11,
pl. 1, £. 1-2, pl. 3, E£. 7-9.

Cells very large, body elliptical, broadest below the middle,
strongly compressed and elongate-elliptical in side view, theca of
two valves, one slightly indented at the apex, the other deeply

indented in a "V" shape, in the middle of which arises a longitudinal
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ridge which extends anteriorly to form a short blunt apical tooth;
body broadly rounded posteriorly. Length 40-50u, width 32-39u,
thickness 14-20u. Flagella two, inserted anteriorly next to the
longitudinal ridge, one undulating around the rim of the anterior
depression about the tooth, the other extending posteriorly and equal
to the length of the cell.

Chromatophores two, one covering each valve surface, deep
yellow-brown. Nucleus elliptical, large, basal, short chromcsomal
bodies visible. Orange stigmatic granules often present. Pusule
reservoir large, anterior, with exit canal through the flagellar
pore.

The species is common on both coasts of the temperate Atlantic.

Gales Creek variety: Present from autumn through winter to

early spring; from 14 to 330/00 salinity; observed in 20 samples,

This variety is distinguished from the species by the presence
anteriorly, in the more indented valve, of the longitudinal ridge
which extends apically into a blunt tooth.

Abe (1967) concludes from his studies that Prorocentrum, Fru-
viaella, Cenchridiwn and Porella have no significant basic characteris-
tics available to separate them, and therefore unites them all under
the name Prorocentrum. If his conclusions are accepted, then the
Gales Creek form would become Prorccentrum marinum var. adnatodens

var. nov.

Sinophysis aff. ebriolum (Herdman) Balech
(pl. 3, f. 18 a-b; pl. 23, £. 9)

Stnophysis ebriolum (Herdman) Balech, 1956, p. 32-33, f. 9-12;
Phalacroma ebriola Herdman, 1924, p. 79, f. 24; Thecadinium ebriolum
{Herdman) Kofoid & Skogsberg, 1928, p. 32.

Cells large, body laterally compressed, elliptical in lateral
view, elongate-elliptical in dorsal view. Length 40-41u, width 20y,
thickness 26u. Epitheca very reduced, short-cylindrical, 1/9 the

body length, as broad as long, apex flattened, mounted somewhat sunken
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and at an angle on the more dorsal side of the cell's anteriority.
The anterior margin of the hypotheca surrounds a torus shaped cavity
with the epitheca in the middle. Dorsal contour of the hypoteca
straight, ventral contoutr convex, antapex broadly rounded. A weak
list-like structure extends down the curved ventral surface from the
apex to the middle of the body. The transverse flagellum undulates
completely within the torus-shaped anterior cavity; the longitudinal
flagellum appears to become free of the body at the base of the list,
and from this point exhibits a length about that of the body.

Chromatophores and stigma absent. Nucleus spherical, in the
posterior portion of the cell. Ingested bodies, assimilate globules
and crystals present.

English Channel; Irish Sea.

Gales Creek: Appearances in October and November; from 30 to

350/00 salinity; observed in 2 samples.

Compared with Herdman's description, the Gales Creek material
was not so irregularly elliptical in shape, and possessed a shorter
ventral list and a smaller more deeply sunken epitheca. The material
also differed from Balech's illustrations in the greater proportionate
length and lesser degree of lateral compression of the bedy, as well
as the more angular tilt of the epicone. Despite these differences
the Gales Creek material has been tentatively placed in this taxon

until such time as more cells may be observed in greater detail.

Thecadiniwn aureum sp. nov.
{pl. 4, £. 19 a-b; pl. 23, f. 10-11)

Cells very large, body laterally compressed, obpyriform in
lateral view, elongate-elliptical in ventral view with an oblique
basal contour. Length 54y, width 34y, thickness 43u. Epitheca small,
less than 1/3 the body length, broadly hemispherical. Hypotheca in
lateral view with curved sides and a rounded antapex, in ventral view
with convex left margin and almost straight right margin. Girdle

moderately narrow and deep with sharply defined margins, displaced
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more than two girdle widths (1/5 the cell length). Sulcus beginning
at an obtusely angled junction with the anterior portion of the girdle,
deflected to the right as it proceeds posteriorly and ventrally in
the intercingular region, then broadening and flattening as it extends
straight towards the left side of the antapex. Tramsverse flagellum
ingerted at the angled junction of the sulcus and the anterior limb
of the girdle, enclircling the epitheca. Longitudinal flagellum not
observed. Plate structure of the theca was not observed.

Chromatophore brown, forming a continuocus parietal mantle which
covers all but the most posterlor portion of the cell, tending to
obscure internal detail. Nucleus not observed. Large Irregularly
shaped red stigmatic granule may be present posterior-ventrally.

Gales Creek: Observed in January from one sample, 200/00

salinity.

A species very similar in size and general shape tc this Gales
Creek organism {s Theeadintium inclinatum Balech (1956}, which,
however, differs in having a more flattened epitheca with an apical
notch, a more elliptical body outline, more lateral compression, and
an apparent absence of chromatophores (Balech does not mention their
presence in his description). Thecadinium kofoidi Kefeld & Skogsberg
(1928) is also similar in form, though smaller in size (30-33y),
and though it does possess chromatophores, it may be distinguished
from the Gales Creek material by its flatter epitheca, straighter

dorsal margin, and less deflection of the girdle.

Dinophysis lachmanni Paulsen
(pl. 4, f. 20 a-b; pl. 23, . 12)

Dinophysis lachmanni Paulsen, 1949; Solum, 1962, p. 8-24, f. 2,
3, 9. Dinophysis acuminata sensu Jorgensen, 1899, p. 30, pl. 1,
f. 7-9.

Cells very large, body elliptical, compressed laterally, the
dorsal surface slightly more convex than the ventral, the antapex

rounded. Length 43-45y, width 22-38y exclusive of lists. Epitheca
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small, broadly convex, not protruding beyond the broad funnel formed
by the anterior cingular list. Both cingular lists smoeth or finely
ribbed, the more developed anterlor list almost as broad as the
transverse furrow. Right sulcal list short and small; left sulcal
list delicate, extending little more than half way down the body,
supported by three well-developed ribs. Transverse flagellum com-
pletely encircling the body; longitudinal flagellum almost 1 1/2
times the body length. Surface of theca finely punctate.

Chromat ophores peripheral, diffuse, brownish-yellow to greenish
in color. Nucleus elliptical, central or slightly posterior of center,
short chromosomal bodies visible. Various assimilate bodies present.

Cosmopolitan euryhaline, eurythermal species of the Atlantic
from the Straits of Florida te the Norwegian Sea.

Gales Creek: Present only in April; polyhaline, from 23-2?0/00
salinity; observed in 7 samples.

Claparede & Lachmann described Dinophysis acwminata in 1859.
Jorgensen in 1899 cobserved a form on the west coast of Norway which
he referred to D. acwmingta though it differed considerably from
that shown in Claparede & Lachmann's (1859) illustration. Since then
many investigators have considered Jorgensen's (1899) figures as
representative of D. acuminata (e.g. Schiller, 1933, p. 120, f. 113
a-c). However, later collections by Jorgensen from the same area
showed specimens practically identical with Claparede & Lachmann’s
figure. This suggested to Paulsen that D. gewninatq might have to be
divided into two or several species. Thus in his taxonomic revision
of the Dinophysis populations of Icelandic waters Paulsen (1949)
reserved the name . acuminata for the cells which are in accordance
with Claparede & Lachmann's original description: cells character-
ized by being much broader in the posterior than in the anterior
portion, and having a small triangular posterior protuberance
ventrally to the midline. He distinguished D. lachmanni Paulsen
as a new species which included the 2. gewninata specimens of
Jorgensen (1899). He also referred several other forms named
D. acuminata by various authors to another new species, D. borealis

Paulsen.
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Solum (1962), in her studies on Dinophysis populations from
Norwegian waters, feollows Paulsen in assigning her forms to D,
lachmanni. She found, however, that . Boreglis Paulsen did not
also deserve specific status and therefore has referred it as a form

under D. lachmanni.

Dinophysis caudata Saville-Kent
(pl. &4, f. 21)

Dinophysis caudata Saville-Kent, 1880, p. 455, 460. D. caudata f.
acutiformis Kofold & Skogsberg, 1928, p. 330, f. 46; Schiller,
1933, p. 156-158, f. 145 a-f.

Cells very large, laterally compressed, ovoid-elliptical in
lateral view with a truncate apex and an antapex extended posterior-
ventrally into a large acutely tipped lobe. Length 76u, width 37y
(exclusive of lists). Epitheca short and broadly flattended, not
protruding beyond the broad funnel formed by the anterior cingular
1ist. Both cingular lists smooth except for a few fine ribs.
Anterior cingular list flaring, as broad as the transverse furrow,
more developed than the somewhat narrower posterior cimgular list.
Right sulcal list narrowing posteriorly and extending down 1/2 the
body length, left sulcal list a broad delicate sail 1/2 the width of
the body, extending down almost 2/3 the body length, supported by
3 well-developed ribs. Flagella not seen. Theca thick, bearing
numberous distinct pores.

Chromatophores or pigmentation not observable in this preserved
material. Nucleus elliptical, positioned dorsal to the middle of the
cell.

Widely distributed tropical and subtropical estuarine-neritic
specles.

Gales Creek: Observed in June and August, from two preserved

plankton tows, 18-25° /00 salinity.



126

Quyrrhis marina Dujardin
(P1. 4, £. 22 a-f; pl. 24, f. 1-3)

Oxyrrhis marina Dujardin, 1841, p. 347, pl. 5, f. 4; Schiller, 1933,
p. 264, £. 255.

Cells large, elongate-elliptical to fusiform, circular in apical
view, hypocone very unsymmetrical. Length 27-35 p, width 14-25 p.
Epicone longer than broad, with rounded apex. Hypocone smaller than
epicone, composed of a dorsal lobe continucus with the dorsal surface of
the epicone and acutely rounded posteriorly, a smaller lateral lobe,
and a stubby tentacular appendage arising from the posterior surface of
the posterior-ventral surface of the epicone. No typical girdle or
sulcus present; the left-laterally and posteriorly oriented cavities in
which the two flagella are ingerted are joined behind the tentacular
appendage. Transverse flagellum undulating, shorter than the cell:
longitudinal flagellum 1 1/2 times the cell in length.

Chromatophores absent. Cytoplasm granular, sometimes tinted var—
ious colors depending on the nature of ingested bodies. Nucleus
spherical, in the epicone. A variety of different sized assimilate
granules and ingested bodies are usually present.

A cosmopolitan marine and brackish water species in Europe and
along the eastern coast of the United States.

Gales Creek: Appeared in February and April; 14-25% /00 salinity;

from 2 samples.

Studies: Vitamin requirements - Provasoli (1963). Chromosome num-—
ber - Dodge (1963c); Godward (1966).

Protodiniun simplicius Schiller
(P1. 4, £. 23)

Protodinium simplicius Schiller, 1928, p. 126, f. 2, pl. 5, f. 1-4;
Schiller, 1933, p. 274, f. 261 a-d.
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Cells large, body elongate-ovoid, slightly compressed dorsiven-
trally. Length 28 u, width 15 u. Epicone sub-hemispherical; hypotheca
the same though slightly longer and scmetimes broader than the epicone.
Girdle slightly supra-median, with margins very difficult to discern;
sulcus flattening the ventral surface of the hypocone but also very
difficult to discern. Transverse flagellum partially encircling the
body; longitudinal flagellum somewhat longer than cell length.

Chromatophores brown to yellow-brown, diffuse, filling the epitheca
and hypotheca while leaving a clearer area in between. Nucleus
spherical, central. Red granules sometimes present.

Mediterranean Sea.

Gales Creek: Present in 5 samples from April; 20 to 270/00
salinity.

These cells often appear to be merely ovoid brown bodies with two
laterally inserted flagella. The girdle is go obscure that its pre-
sence and position may only be indicated by a slight constriction of
the middle of the cell. The density of the chromatophores obscured the
nature of their form. A stigma, described as usually visible for the
species, was not observed in these specimens, though several red gran-
ules were often present in other areas of the cell than adjacent to the

sulcus.

Amphidinium crasswn Lohmann
(P1. 4, £. 24 a-c; pl. 24, f. 4-5)

Amphidiniwn crassuwm Lohmann, 1908, p. 261, pl. 17, f. 16; Lebour, 1917,
p- 188, f£. 2; 1925, p. 31, pl. 3, £. 2 a-c; Hulburt, 1957, pl. 1, f. 3.

Body large, elongate-elliptical, slightly compressed, broadly el-
liptical in cross section. Length 18-27 u, width 7.5~-15 n. Epicone
very small, less than 1/4 the body length, broadly conical with a
pointed apex; hypocone with sides parallel in the anterior half,
rounding into an obtuse antapex. Girdle not displaced, wide, shallow,
its posterior margin wider than the anterior. Sulcus very narrow and
shallow, straight, extending the length of the straight pertion of the
hypocone. Transverse flagellum completely encircling the body; lon-

gitudinal flagellum equal to the body length.
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Chromatophores absent. Nucleus positioned basally, spherical, con~-
taining short chromosomal bodies. Spherical assimilate body slightly
smaller than nucleus present in left anterior portion of hypocone; in-
gested bodies also common.

English channel; Adriatic Sea; Woods Hole area; Straits of
Florida.

Gales Creek: Present in spring and late summer, greatest abun-
dance 44 cells/ ml in June; from 5 to 290/00 salinity; observed in 28

samples.

Amphidinium klebsi Kofoid & Swezy
(Pl. 4, f. 25 a-f; pl. 24, f. 6-8)

Amphidinium klebsi Kofoid & Swezy, 1921, p. 144, f. U~-14; Herdman,
1924, p. 76, f. 6-10; Schiller, 1933, p. 298, f. 292; emend. Taylor,
1971, p. 129-131, f. 1; non Carter, 1937, p. 58, pl. 8, f. 12-15.
Amphidinium wislouchi Hulburt, 1957, p. 199, pl. 1, f. 2.

Cells moderate in size to large, variable in size and shape, body
elliptical to sub-globose in ventral view, compressed dorsiventrally,
elongate-elliptical in lateral view, in apical view the ventral contour
flattened and the dorsal contour convex. Length 16-37 b, width 11-25 y.
Epicone very small, asymmetric, projecting anterior-laterally to the lefy
tongue-shaped in dorsal view, with a more or less obliquely flattened
apex. Hypocone truncate-elliptical in ventral view, asymmetric, with
the right contour more convex than the left, antapex btoadly rounded.
The proximal end of the girdle begins somewhat anterior to the lower
end of the epicone near the midline of the cell, proceeds anterior-
laterally beneath the projecting left side of the epicone. leads trans—
versely across the dorsal surface, and finally extends diagonally to
the posterior-ventral end of the epicone. From this point the sulcus
extends posteriorly in a slight arc down the right ventral side of the
hypocone and fades out, while a shallow extemsion of the sulcus con—
tinues anteriorly to connect with the proximal end of the girdle,
Transverse flagellum encircling the epicone, inserted in a narrow pos-—
teriorly-directed pocket; longitudinal flagellum inserted in a shallow
pocket at the base of the epicone, 1 1/2 times the length of the body.
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Chromatophore yellow to brown, complex in structure, composed of
numerous irregular elongate lobes which radiate from a central pyrenoid,
and if extending to the periphery of the cell may then spread out to
form a parietal mantle which may completely envelop the hypocone and
extend into the epicone. Orange to red stigmatic granules occasionally
present, either centrally or, rarely, in the epicone. Nucleus large,
sub-spherical, posteriorly positioned in the hypocone, containing short
chromosomal bodies. A spherical pyrenoid-like body is sometimes visible
anterior to the middle of the cell forming the center of the chroma-
tophore. 1In one specimen the periplast was cbserved to be finely
punctate.

Cosmopolitan species from England to Brazil, from the Mediterranean
Sea to Woods Hole, and even Port Hacking, Australia.

Gales Creek: Present all seasons but summer; euryhaline, from 4
to 32°/00 salinity; observed in 35 samples, normally those collected

trom bottom waters.

According to Taylor (1971) the many radiating lobes of the chroma-—
tophore extending from the central pyrenoid characterizes this species
as distinct from Amphidinium carterae Hulburt (1954) a smaller species
with a peripherally arranged chromatophore supporting a central pyrenoid,
first described by Carter (1937) as 4. klebsi with cell lengths of
12-21 u. The size range of the measured Gales Creek specimens did not
overlap that of 4. ecarterae as measured from Woods Hole by Hulburt
(12-15u), but it is conceivable that specimens of A. carterae may have
been present Iin some of the Gales Creek samples, since the exact nature
of the chromatophore in smaller specimens éould have been overlooked
during counting. The size range of the Gales Creek material (16-37p
in length) encompassed A. klebs? as measured by Taylor (25-301n) and
Lebour (30-36y), and A. wislouchi as measured by Hulburt (20-25u). The
latter species is described by Hulburt as having many chromatophores
often arranged in a somewhat radiating manner with a central pyrenoid,
but Taylor considers it synonymous with 4. klebe?. This is under-—
standable since dense peripheral portions of the chromatopheore lobes

catt obscure the nature of thelr common origin in the pyrenoid.
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The type species, A. coperculatwm Clap. & Lach. (see Schiller,
1933) differs from A, klebs? in having a minute triangular epicone, not
one that is tongue-shaped and deflected to the side, and a more
centrally placed sulcus.

Studies: Vitamin requirements - Provasoli (1963). Chromoscme

number - Dodge (1963c); Godward (1966). Fatty acids - Harrington, et
al. (1970).

Amphidinium machapungarum sp. nov.
(P1. 5, £. 26 a-b)

Cells large, body strongly compressed dorsiventrally, broadly el-
liptical in ventral view, elongate-elliptical in lateral view, slightly
reniform in apical view, Length 17-30 u, width 12-25 y, thickness
8&-15 u. Epicone 1/4 the body length, broadly rounded, almost 3 times
as wide as long; hypocone sub-trapezoidal, sides slightly curved and
tapering to the obliquely truncate antapex. Gilrdle narrow and deep,
digplaced one girdle width. Sulcus absent from the epicone, narrow and
proceeding posteriorly in a straight or slightly curved path down the
middle of the hypocone, broadening and flattening as it approaches the
truncate antapex. Transverse flagellum completely encircling the cell;
longitudinal flagellum equal to bedy length.

Chromatophores absent. Nucleus sub-spherical, in the center of the
hypocone. Large dark red granules, few or numerous, often present in
two lateral rows to either side of the nucleus. Other ingested bodies
sometimes present basally.

Gales Creek: Present in February, Juiy and October; from 14 to

30°%/00 salinity; observed in 8 samples.

Though this 1s a rather distinctive and easily recognized organism,
two species may appear somewhat similar to it: Amphidinium pellucidum
Herdman (1922), which is distinguished through its larger size, nar-
rower girdle, and presence of the suleus on the epicone; and

Amphidintiwn ovum Herdman (1924), which possesses chromatophores.
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Amphidinium incoloratum sp. nov.
(Pl. 5, f. 27 a-b)

Cells large, body broadly elliptical in ventral view, compressed
dorsiventrally, elongate-elliptical in lateral view. Length 21-24 y,
width 15-18 u. Epicone very small, asymmetric, projecting anterior-lat-
erally to the left, tongue-shaped in dorsal view. Hypocone broadest be-
low the middle of the cell, with curving sides and broadly rounded anta-
pex which may be obliquely flattened or slightly emarginate. Girdle
beginning anteriorly near the midline of the cell, proceeding laterally
around 3/4 of the epicone before dropping diagonally to the midline on
the ventral surface several girdle-widths below 1ts proximal end.

Sulcus narrow, nearer the right margin of the cell, beginning slightly
posterior to the distal end of the girdle, proceeding in a straight or
slightly curved path posteriorly, broadening as it nears the antapex.
Transverse flagellum encircling the epicone. Longlitudinal flagellum
arising at the anterior end of the sulcus, slightly over 2/3 the body
length.

Chromatophores and stigma absent. Nucleus large, spherical, inm
the posterior portion of the hypocone, containing short chromosomal
bodies. Ingested bodies usually present.

Gales Creek: Present in March, April, August and October; from

24 to 28%/00 salinity; observed in 4 samples.

This species is similar in both shape and size to another species
in Gales Creek, Amphidiniwm klebsi Kofoid & Swezy, but differs in the
absence of chromatophores, the more globular shape, and the shorter

longitudinal flagellum.

Gymnodiniwn stellatum Hulburt
(PL. 5, £. 28 a-b; pl. 24, f£. 9-11)

Gymuodinium stellatum Hulburt, 1957, p. 205, pl. 4, f. 4-6.
Cells very large, laterally compressed, elliptical in lateral view,

and obliquely sub-truncate posteriorly; elongate-elliptical in dorsal
and ventral views. Length 25-44 u, thickness 20-33 p, width 17-23 .
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Epicone in dorsal or ventral view taller than wide, with sioping
slightly concave sides and rounded apex, in lateral view wider than
tall with the dorsal side sloping more than the ventral side, apex
rounded. Hypocone similar to epicone in shape but with an obliquely
sub-truncate antapex in lateral view, wider than tall, and with a deep
antapical notch in dorsal or ventral view. Girdle narrow, deep, with
slightly flaring edges, displaced 1/7 the body length. Sulcus narrow,
extending onto the epicone a short distance, curving slightly in the
intercingular area, then descending straight down the hypocone, at the
same time forming a deep sinus that extends diagonally between the two
lateral antapical lobes from just below the girdle region ventrally to
the posterior dersal corner. Transverse flagellum encircling less than
half the cell circumference. Longitudinal flagellum inserted deep with-
in the hypoconal sinus slightly ventral to the midline, scarcely longer
than body length.

Chromatophores absent. Nucleus elliptical and laterally depressed,
in the epicone, containing small elongate chromosomal bodies. Assimi-
late granules, some rather large, also present.

Woods Hole area.

Gales Creek: Present in March; eurvhaline, from 2 to 320/00

salinity; observed in 7 samples.

This species is similar in shape and form to Gyrodiniwm wicatenum
Hulburt, also present in Gales Creek, but is easily distinguished by
the less displaced girdle, the straighter sulcus, and the absence of

chromatophores.

Gymodinium nelsoni Martin
(P1. 5, f£. 29 a~c; pl. 25, £. 1-3)

Gymnodinium nelsoni Martin, 1929, p. 14, pl. 3, f. 25-26; Hulburt, 1957,
p. 203, pl. 2, £. l-4,

Cells very large, broadly fusiform, with truncate antapex, very
compressed dorsiventrally. Length 50-75 p, width 38-59 yu, thickness 25
H. Epicone in ventral view varying from sub-hemispherical to somewhat

angled with sides straight or concave and apex broadly pointed.
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Hypocone trapezoidal, its sides convex, straight, or concave; antapex
wide, emarginate to broadly indented. In lateral view dorsal contour
convex, ventral contour straight or somewhat concave; end-on view simi-
lar. Girdle narrow, deeply impressed, subcentral, displaced one to two
girdle widths. Sulcus not present on epiccne, narrowing and sigmoid in
the intercingular region, straight on hypocone, expanding posteriorly
and showing a large excavation at the antapex. Anterior and posterior
flagellar chambers overlapping. Transverse flagellum not completely
enclrcling cell; longitudinal flagellum equal to the body length.

Chromatophores many, golden brown, irregularly elliptical, randomly
oriented peripherally but sometimes appearing to radiate from the center
of the cell. Stigma absent. Cytoplasm granular. Nucleus central,
wider than long, with numerous elliptical chromosomal bodies. Cells
usually free from assimilate and ingested bodies.

New Jersey coast; Woods Hole.

Gales Creek: Present in low numbers from late winter to mid-
autumn with largest counts in April; from 1% to 33 /00 salinity; ob-

served in 51 samples.

This species apparently differs from Gymnodinium splendens Lebour
(1925) only in possessing short elliptical chromatophores rather than
elongated slender ones which radiate from the center of the cell. The
chromatophores in the Gales Creek material measured 5-7 wx 2.5-3 u,
though in dying cells the chromatophores tend to coalesce and appear to
radiate from the center somewhat like the description for G. gplendens.

Studies: Trichocysts - Bouck & Sweeney (1966). Nuclei -
Mendiola, et ai. (1966). Excreted carbon - Hellebust (1965). Fatty
aclds - Harrington, et al. (1970).

Gymodinium danicans sp. nov.
(P1. 5, f. 30 a-f; pl. 25, £. 4-6)

Cells moderate in size, dorsiventrally compressed, body orbicular
to broadly fusiform in ventral view with an obliquely truncate antapex,
fusiform in lateral view, epicone and hypocone subequal. Length
12-19 yu, width 11-19 p, thickness 8-15 u. Epicone broadly sub-conical;

hypocone broadly hemispherical to somewhat trapezoidal, with rounded to
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flattened and oblique antapex, sometimes slightly indented. Girdle
slightly sub-equatorial, wide and shallow, displaced about 1/2 girdle
width. Sulcus not present on the epicone, wide and shallow on the hy-
pocone, flattening or indenting the antapex. Transverse flagellum en-
circling the circumference of the cell; longitudinal flagellum 1 1/2
times body length.

Chromatophores irregularly elliptical, yellow-brown, numbering
from 5 to 15, peripheral. Nucleus spherical, positioned centrally, with
chromosomal bodies visible. One to several red stigmatic granules ad-
jacent to the sulcus, with other red granules often present in other
parts of the cell.

Gales Creek: Present in low numbers all vear, with largest counts
in August (76 cells/ul) from oligohaline waters; euryhaline, from 1 to

32%/00 salinity, cobserved in 120 samples.

This organism is very similar to Glenodinium dmiicum Paulsen,
alse found in Gales Creek, but is distinguished by its smaller size and
absence of a theca. This latter character possibly may not hold true,
however, for an E.M. survey on thecal fine structure in the Dinophyceae
by Dodge & Crawford (1970) has revealed that, for the several members of
the Gymnodiniaceae which they examined, a theca of delicate plates was
present. Should this be the case for the Gales Creek form, then a dif-
ference in thecal plate arrangements rather than just the degree of
thecal plate thickness will be necessary for separating these two
species.

This organism also resembles somewhat the fresh-~water species
Gymmodinium ordinatum Skuja (1939) which, however, is smaller, has
fewer chromatophores, and lacks the stigmatic granules and displaced

girdle.

Gymnodinium verruculosum sp. nov.
(Plo 5’ fo 3]. a_d; p].- 25, f- 7_8)

Cells moderate-sized, oboveid-fusiform with & verrucose surface,
circular in cross-section, hypocone 1 1/2 times as long as epicone.
Length 15-20 u, width 8-12 u. Epicone broadly conical to sub-hemi-

spherical and bearing a small apical papilla; hypocone conical with
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convex sides. Girdle moderately wide and deep, displaced one girdle-
width {almost 1/5 body length), the anterior margin sharply defined but
the posterior margin more rounded. Sulcus not extending onto the epi-
cone, sigmoid in the intercingular region, becoming shallower and
broader as it descends the hypocone, flattening the left wventral sur-
vace of the antapex. Transverse flagellum encircling 2/3 the body cir=-
cumference; longitudimal flagellum equal to body length.

Chromatophore single, irregularly elongate, usually extending from
epicone to hypocone, with chromosomal bodies visible. Cytoplasm
granular,

Gales Creek: Present in low numbers from spring to autum; from

20 to 29%/00 gsalinity; observed in 43 samples.

The single elongate pale green chromatophore and the rugose sur-
face of the cell made this species distinctive and easy to identify in

all samples.

Gumodinium gracilentwn sp. nov.
(Pl. 5, f. 32 a-c; pl. 25, f. 9)

Cells moderate in size, body fusiform, circular in cross—section,
with hypocone 1 1/2 times longer than epicene. Length 9-17 u, width
5-9 u. Epicone rounded-conical, hypocone the same only longer. Girdle
wide, moderately deep, displaced one girdle width (almost 1/5 body
length), the anterior margin well defined but the posterior margin more
rounded and grading into the hypocone. Sulcus very difficult to ob-
serve, but not extending onto the epicone, very shallow and broadening
as it descends the hypocone, where it slightly flattens the posterior-
ventral surface. Transverse flagellum only partially encircling the
body; longitudinal flagellum as long as body.

Chromatophores oval, from olive-green to yellow-brown, 3 to 10 but
usually 4 or 5, distributed evenly in the hypocone and epicone.

Nucleus spherical, in the anterior portion of the hypocone, with chrom-
osomal bodies visible. 0il droplets and other small granules some-

times present.
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Gales Creek: Present from the end of August, which showed the
greatest concentration of cells (18 cells/ml), to November; from 9 to

30°/00 salinity; observed in 19 samples.

This distinctive specles somewhat resembles Gymnodiniwm simplex
(Lohmann) Kofoid & Swezy (1921) (see Schiller, 1933) in the number, lo-
cation and color of the chromatophores, but differs in its narrow

fusiform shape, shorter longitudinal falgellum, and displaced girdle.

Gymnodinium qurantiwm sp. nov.
(P1. 6, £. 33 a-4d)

Cells moderate In size, body ovoild to fusiform, epicome and hypo-
cone equal. Length 12-~13 uy, width 7-8 y. Epicone conical with
straight or slightly convex sides and narrowly rounded apex. Hypocone
similar or more hemispherical in shape. Girdle wide and shallow, dis-~
placed 1/2 girdle width. Sulcus obscure. Transverse flagellum almost
completely encircling the body. Longitudinal flagellum slightly longer
than the cell.

Chromatophores 3-5, orange, irregularly lobed and positioned peri-
pherally, in both the epicone and hypocone. Nucleus small, spherical,
sub-median. Assimilate granules few.

Gales Creek: Present in June, August and September, from 10 to

26°/ 00 salinity; observed in 4 samples.

The shape of this organism's body and color of its chromatophores
is very similar to the larger thecate species Heteroccapsa triquetra
(Ehrenberg) Stein (1883), also present in Gales Creek. Gymuodinium
pulcehrum Schiller (1928) differs im having small elliptical chromato-
phores and a more anteriorly placed girdle. Gymodinium simplex
(Lohmann} Kofoid & Swezy (1921) is elliptical in shape with four large
round greenish~yellow chromatophores and a much longer lengitudinal

flagellum.
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Gymnodinium valdecompresswn sp. nov.
(P1. 6, f. 34 a-d)

Cells moderate in size, circular to sub-rhomboid in ventral view,
sometimes broader than long; extremely compressed dorsiventrally,
elongate-elliptical in lateral view; reniform in apical view with ven-
tral surface concave. Length 10-20 p, width 15-20 u, thickness 5 u.
Epicone in ventral view rounded to broadly sub-conical, hypocone similar
in shape and slightly smaller than epicone, sometimes with a truncated
or slightly emarginate antapex. Girdle slightly sub-equatorial, moder-
ately shallow and wide, deflected less than 1/2 girdle width. Suleus ab-
sent from epicone, wide and shallow on the hypocone, sometimes flattening
or indenting the antapex. Transverse flagellum incompletely encircling
the cell circumference; longitudinal flagellum equal to body length.

Chromatophores yellow to brown, peripheral, irregularly elliptical,
few in number but often diffuse and difficult to delineate. An elongate
red stigma is present sub-centrally near the insertion of the flagella,
and other red globules may be scattered in the cytoplasm, Nucleus cen-
tral, with short chromosomal bodies visible.

Gales Creek: Observed in April and November, 29° /00 salinity,

from two samples.

This species is most closely related to Cymmodinium danicans sp.
nov. from Gales Creek, but may be distinguished by its greater propor-
tionate breadth, shorter longitudinal flagellum, and the extreme degree

of dorsiventral compression.

Gymnodinium rosecstigma sp. nov.
(P1. 6, f. 35 a-d)

Cells moderate in size, broadly elliptical, somewhat compressed
dorsiventrally, elliptical in cross-section. Length 8-15 p, width 6-12
u. Epicone hemispherical, equal to or slightly larger than the hypo-
cone; hypocone hemispherical with antapex rounded to obliquely truncate
to emarginate. Cirdle sub-equatorial, wide and shallow, not displaced.
Sulcus shallow, difficult to discern, extending from the girdle to, and

often slightly excavating, the antapex. Transverse flagellum completely
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encircling the body; lomgitudinal flagellum slightly longer than the
length of the cell.

Chromatophores absent. Stigma an elongate body im the hypocone
adjacent to the sulcus, pale red but sometimes lacking any pigmentation.
Nucleus spherical, with short chromosonal bodies, sub-central to en-
tirely within the hypocone. Various assimilate and ingested bodies
present, usually within the eplcone.

Gales Creek: Scattered presence from spring to autumn with
largest cell counts (66 cells/ml} in August; euryhaline, from 1 to

300/00 salinity; observed in 19 samples.

This species is somewhat similar to Katodinium stigmaticum
(Lindemann) Fott (1957) (see Schiller, 1933, under Massartia) but dif-
fers in the smaller size, median position of the girdle, and the larpger

more elongate stigma.

Gymmodinium subroseum sp. nov.
(Pl. 6, f. 36 a-c; pl. 25, f. 10-11)

Cells moderate-sized, body somewhat sub-pentagonal, slightly com-
pressed dorsiventrally, with hypocone about 1 1/2 times larger than epi-
cone. Length 11-20 u, width 8-15 u. Epicone broadly conical; hypo-
cone sub-trapezoidal with an obliquely truncate antapex. Girdle deep,
displaced 1-1 1/2 girdle widths (about 1/6 to 1/5 the body length).
Sulcus slightly sigmoid, not extending onto the epicone, narrow in the
intercingular region, becoming wider and shallower on the hypocone and
flattening or indenting the antapex. Transverse flagellum completely
encircling the body; longitudinal flagellum inserted deep within the
sulcus, equal to body length.

Chromatophores absent. Cytoplasm with a distinect pink tint. Nu-
cleus gpherical, in the hypocore, with siightly elongate chromosomal
bodles visible. A few ingested bodies and assimilate granules normally
present posteriorly.

Gales Creek: Scattered presence 1n spring and summer, low numbers
but high frequency in autumn samples; from 21 to 32%/00 salinity;

observed in 43 samples.
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This species is quite similar to Gyrodinium metwm Hulburt (1957),
also present in Gales Creek, but differs in the distinct pink color, the

lesser degree of girdle displacement, and the larger girdle width.

Gymuodinium galesianum sp. nov.
(Pl. 6, f. 37 a-d)

Cells moderate in size, body sub-globose, almost as broad as long
and only slightly compressed. Length 12-21 u, width 10-17 u. Epicone
hemispherical to broadly sub-conical with rounded apex; hypocone hemi-
spherical but often with a flattened or shallowly emarginate antapex.
Girdle equatorial, moderately wide and shallow, displaced 1/2 girdle-
width. BSulcus absent from the epicone, moderately wide and shallow on
the hypocone and descending straight to the antapex. sometimes
flattening or slightly excavating it. Transverse flagellum incompletely
encircling the body; longitudinal flagellum approximately equal tc the
body length.

Chromatophores and stigma absent. Cytoplasm granular and foamy.
Nucleus large, elliptical, with elongate chromosomal bodies, more or
less within the right side of the hypocone. Small refractile assimilate
bodies present. A large unpigmented body is often present in the
epicone.

Gales Creek: Present in low numbers all year, with moderate fre-
quency and cell counts up to 20 cells/ml in autumn; euryhaline species

from 1 to 33°/00 salinity; observed in 101 samples.

The lesser degree of dorsiventral compression, the more globular
shape, and the narrower girdle serve as characters to differentiate
this species from Gymnodinium incoloratum Conrad & Kufferath (1954).
Gymmodinium lantaschii Utermohl (see Schiller, 1933), G. albulum
Lindemann (see Schiller, 1933), and . amplinuclewn sp. nov. are all
distinguished by their connate epicones, while G. mivor Lebour (see
Schiller, 1933) is a larger form with a trapezoidal hypocone sharply

truncated at the antapex.
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Gymnodinium amplinueleum sp. nov.
(PL1. 6, £. 38 a-b)

Cells moderate-sized, broadly ovoid, slightly compressed dorsi-
ventrally, elliptical in cross section. Length 12-18 u, width 12~15 y,
Epicone broadly conical with rounded apex. Hypocone sub-hemispherical;
antapex obliquely emarginate with the left posterior lobe larger than
the right. Girdle equatorial, wide and moderately deep, no displace-
ment. Sulcus not extending onto the epicone, wide and deepening as it
descends the hypocone to excavate the antapex. Transverse flagellum
only exteﬁding half way around the circumference of the cell; longi-
tudinal flagellum slightly longer than the body length.

Chromatophores and stigma absent. Cytoplasm granular. Nucleus
large, broadly elliptical, occupying the anterior 2/3 of the cell, con-
taining short chromosonal bodies. Assimilate and ingested bodies some-
times present posteriorly.

Gales Creek: Observed from one surface sample collected in April,
1967.

This species 1s rather easily distinguished from the several some-
what similar species that have been described: Gymodinium ineoloratum
Conrad & Kufferath (1954) has a hemispherical epicone, broader girdle,
and a smaller sub-central nucleus; Gymodinium albulum Lindemann (see
Schiller, 1933) greatly varies in general form but its antapex is
rounded; Gymiodinium lantsschii Utermohl (see Schiller, 1933) also has
a rounded antapex, and its nucleus is small and central; and Gymnodinium
minor Lebour (see Schiller, 1933) is a larger species with a more

tapering trapezoldal hypocone and small central nucleus.

Gymodinium boguensis sp. nov.
(1. 6, f. 39 a-b; pl. 25, f. 12-13)

Cells large, broadly elliptical to sub-globose, sometimes de-
pressed-globose. Length 18-23 p, width 17-20 p. Epicone slightly
larger and wider than hypocone, normally hemispherical but sometimes

more conlcal, at times with a flattened apex; hypocone broadly
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hemispherical, antapex sometimes flattened, Girdle sub-median, shallow
and moderately wide, displaced about one girdle width (1/6 the body
length). Sulcus shallow and wide, absent from the epicone, deflected
to the right as it descends the hypocone and narreowing to an acutely
rounded end short of the antapex. Transverse flagellum incompletely
encircling the body; longitudinal flagellum 1 1/2 times the length

of the cell.

Chromatophores absent. Cytoplasm granular and sometimes stained
slightly yellow. Nucleus sub-central. Small granules, o0il droplets,
and larger ingested bodies normally present.

Observed from two samples early in the study, obtained in June,

1965.

This species is similar in form though smaller in size, to
Gymmodinium flavum Kofoid & Swezy (1921), but lacks chromatcophores,
has a smaller hypocone, and a right-deflected rather than straight

sulcus,

Symnodinium lobularis sp. nov.
(P1. 7, £. 40 a-b)

Cells moderate-sized, body asymmetric, elliptical to obovied in
ventral view, strongly compressed dorsiventrally. Length 10-13 y,
width 8-12 u, thickness 5-7 u. Epicone in ventral view broadly conical
to sub-hemispherical with rounded apex, wider than long, shorter than
the hypocone, elliptical in apical view. Hypocone in ventral view con-
ical to sub-trapezoidal, reneform in antapical view, antapex chliquely
truncate with the right posterior lobe longer than the left and more
ventrally projecting. Girdle narrow and deep, supra-median, with no
significant displacement. Sulcus absent from epicone; straight, wide
and deeply excavating the ventral surface of the hypocone, extending to
the antapex. Transverse flagellum completely encircling the body;
longitudinal flagellum 1 1/2 to 2 times the length of the cell.

Chromatophores and stigma absent. Cytoplasm unpigmented,

granular. Nucleus not seen. Assimilate granules sometimes present.

Gales Creek: Rare, presence from March to April and July tc Septem-

ber; euryhaline, from 1 to 27%/00 salinity; observed in 8 samples.
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This specles 1s distinguished from Gyrodinium metwn Hulburt (1957)
also present in Gales Creek, by its strong dorsiventral flattening and
absence of marked girdle displacément. The smaller size, epicone
broader than hypocone, and projecting antapical lobe are characters

separating this species from Gymiodiniwn wulffii Schiller (1933).

Gymodiniun agaricoides sp. nov.
(P1l. 7, f. 41 a=-c)

Cells moderate in size, body with a small broadly rounded epicone
set on the end of the larger elliptical hypocone to create a general
shape somewhat like that of a young mushroom. Length 10-12 U, width
5-8 u. Epilcone less than 1/3 the length of the cell, broadly rounded.
Hypocone elliptical, the dorsal surface more convex than the ventral.
Girdle apparently not displaced, shallow and obscure on the ventral
side but deep and wide dorsally with a sharp anterior margin though no
definite posterior margin. Sulcus shallow and obscure, not present on
the epicone. Transverse flagellum encircling the cell; longitudinal
flagellum slightly longer than the body.

Chromatophores and stigma absent. Nucleus not seen. A spherical
retractive body and smaller granules are usually present posteriorly.

Gales Creek: Present in May and from August to October; from 19

to 33%/00 salinity; observed in 8 samples,

The distinctive morphology of the Gales Creek specimens, observ-
able in the illustrations, makes this an easy species to recognize in
the field. A similar species in size and general shape is Gyrmodinium
glandiforme Conrad & Kufferath (1954), but it is described as having a
cylindrical hypocone which is not as wide as the eplcone, a longitu-
dinal flagellum twice the body length, and there is no indication of the

girdle creating a dorsiventral asymmetry.

Gymodinium endofaseiculum sp. nov.
(P1. 7, f. 42 a-b)

Cells large, body broadly elliptical, somewhat compressed dorsi-
ventrally, elliptical in cross-section. Length 20-25 u, width 14-16 y.
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Epicone equal to or slightly smaller than the hypocone, hemispherical.
Bypocone similar but with an obliquely trumcate to emarginate antapex.
Surface strilations absent. Girdle slightly supra-median, narrow and
moderately deep, displaced almost 2 girdle widths (1/7 the body length),
margins sometimes slightly flaring, Sulcus slight on epicone, straight
or slightly deflected to the left in the intercingular region, narrow
but broadening as it descends the hypocone to indent the left side of
the antapex. Flagella not observed,

Chromatophores absent. Cytoplasm granular. Nucleus in the hypo-
cone elliptical with the long axis diagonal to the cell axes, small
chromosomal bodies visible. Diagonally positioned in the anterior por-
tion of the cytoplasm are a number of parallel fibrillar bodies ahout
15 u in length. Refractive assimilate bodies are scattered through the
cell.

Gales Creek: From 4 samples, in May, August and early September,
with salinities of 20 to 26%/00.

The strikingly distinctive feature of this species is the diagonal
bundle of parallel fibrillar bodies, function unknown, present in the

epicone.

Gymnodinium translucens sp. nov.
(P1. 7, £. 43)

Cells large, body broadly oveid to elliptical, epicone slightly
shorter than hypocone. Length 38 u, width 31 p. Epicone hemispherical
to subconical with rounded apex. Hypocone.hemispherical to sub-trape-~
zoidal with a flattened antapex. Girdle supra-median, deep and moder-
ately narrow, the anterior margin sharp and well defined but the pos-
terior margin rounded and more obscure; displaced 1 1/2 girdle widths.
Sulcus absent from the epicone, shallow and widening as it descends the
hypocone to the flattened antapex. Transverse flagellum encircling
almost 1/2 the circumference of the body; longitudinal flagellum
slightly shorter than the cell length.

Chromatophores and stigma absent. Cytoplasm coarsely granular and

foamy. Nucleus elliptical, supra-median, with short chromosomal bodies
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visible. Large basal ingested body normally present as well as small,
refractive assimilate bodies.
Gales Creek: Observed in only one sample from early spring at

19°/00 salinity.

This organism is most similar to the somewhat smaller species
Gymmodinium minor Lebour (1917), which, however, has an epicone larger
than its hypocone instead of smaller, and which seems to store its in-

gested bodies in the epicone rather than basally.

Gymnodinium hulburiii sp. nov.
(Pl. 7, £. 44)

Cells large, body broadly fusiform with acutely rounded apex and
antapex, epicone and hypocone equal. Length 25 u, width 15 u. Epicone
conical with slightly convex sides; hypocone similar. Surface with
delicate lengitudinal striations, 7 visible across the ventral face of
epicone and hypocone. Girdle deep and moderately wide, displaced about
2 girdle widths (almost 1/5 the body length), the anterior margins of
both limbs curving posteriorly before joining the sulcus. Sulcus nar-
row and shallow on the epicone and extending almost to the apex,
sharply deflected to the left in the short intercingular region, nar-
row and straight on the hypccone, extending almost to the antapex.
Transverse flagellum completely encircling the body; longitudinal
flagellum shorter than the length of the cell.

Chromatophores absent. Nucleus sub-spherical, supra-median.

Large ingested body normally present posteriorly.

Gales Creek: From one sample in September, at 240100 salinity.

The short displacement of the girdle serves to distinguish this
species from the otherwise very similar Cyrodinium dominane Hulburt
(1957), also found in Gales Creek. It differs from Gymnodintum
helviticum Penard (see Schiller, 1933) 1in its smaller size, propor-
tionately fewer longitudinal striae, and displaced girdle. CGymmodinium
striatisetmim Hulburt (1957) is more globular in shape and has more ion-

gitudinal striations on the hypocone than on the epicone.
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Gymmodinium sp. "a
{(pl. 7, f. 45 a-¢)

Cells large, body generally fusiform with an obliquely truncate
antapex, body somewhat dorsiventrally compressed, elliptical in
cross-section. Length 28-39u, width 15-21p. Epicone shorter than
the hypocone, narrowly conical, apex acutely to obtusely rounded.
Hypocone with straight or slightly curved lateral margins tapering
posteriorly to the obliquely truncate antapex. Striations absent
from the body surface. Girdle deep and moderately narrow, supra-
median, displaced between 1 and 2 girdle widths (1/6 to 1/8 the body
length), sometimes with slightly flaring margins. Sulcus somewhat
sigmoid, narrow on epicone and extending almost to the apex, deflected
somewhat to the left in the intercingular region, narrow on the
anterior portion of the hypocone but broadening posteriorly to flatten
or slightly indent the left side of the antapex. Transverse flagel-
lum not seen. Longitudinal flagellum 1/2 the body length.

Chromatophores absent, WNucleus spherical, central, with elongate
chromosomal bodies visible. Other granules and bodies absent from
specimens observed.

Gales Creek: Observed from two samples in August and September,

23—240/00 salinity.

This species has not been given a name for the following reason:
The girdle displacement of under 1/5 the body length places this
organism in the genus (ymodinium, but in other characters it is
similar to Gyrodiniwn pellucidum (Wulff) Martin (1929), also found
in Gales Creek. This species is described by Martin (1929) as very
variable in shape and size. If this variability should be found to
include a degree of girdle displacement from 1/3 and 1/4 the body
length to 1/8 the body length, then this species should perhaps be
placed under Gyrodinium pellucidum. Though the character tradition-
ally separating Gymodinium from Gyrodinium has been a girdle dis-
placement under 1/5 the body length, this character has been shown to

be artifician in several species where the girdle displacement bridges
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this figure {e.g. Gyrodiniwm aureolum Hulburt (1957), also found in

Gales Creek).

Gymnodinium sp. "b"
(pl. 7, f. 46 a-b)

Cells moderate in size, body fusiform, circular in cress-section,
epicone shorter than hypocone. Length 15u, width 1lu. Epicone coni-
cal with acutely rounded apex and convex sloping sides; hypocone simi-
lar in shape but slightly longer. Surface striations absent. Girdle
supra-median, wide and deep, with a somewhat flaring anterior margin,
displaced one girdle width (1/7 the body length). Sulcus on epicone
narrow and extending half the distance to the apex, deflected slightly
to the left descending the intercingular region, then broadening as it
continues straight to the left side of the antapex. Transverse flagel-
lum not seen. Longitudinal flagellum 1/2 the body length.

Chromatophores and stigma absent. Nucleus spherical, supra-
median, with large chromosomal bodies. Various granules and ingested
bodies present posteriorly.

Gales Creek: From one sample in August, 220/00 salinity.

Though observed from only one sample, these cells are distinctive
enough, due to their small size, fusiform shape, wide and deep girdly
only slightly displaced, straight sulcus, and absence of body stria-
tions, to not readily fit into any existing taxa, nor be readily con-
fused with similar species found in Gales Creek: Gyrodinium pellu-
ctdun (Wulff) Martin (1929) has a narrower girdle with much preater
displacement; Gymnodiniwm sp. "a" 1s twice as large, more elongately
fusiform, with a proportionately narrower girdle and more deflected
sulcus; Gymnodinium endofasciculum sp. nov. is elliptical in shape
and contains parallel cytoplasmic fibrillar structures anteriorly;
Gymmodiniwn hulburtii sp. nov. is larger and bears longitudinal body

striations, as does Gyrodinium dominans Hulburt (1957).
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Wolosaynskia micra Leadbeater & Dodge
(pl. 7, £. 47 a-b)

Woloszynskia micra Leadbeater & Dodge, 1966, p. 1, f. 1.

Cells moderate-sized, broadly elliptical, circular in cross-
section. Length 16y, width 12u. Hypocone hemispherical; epicone
similar but slightly more conical. Girdle equatorial, deep and narrow,
displaced almost 2 girdle widths. Sulcus narrow, extending to near
the apex on the epicone, markedly deflected to the cell's right as it
descends the intercingular region, directed posteriorly on the hypo-
cone and broadening as it nears the antapex. Transverse flagellun
not seen. Longitudinal flagellum almost equal to the cell in length.
Flexible theca of hexagonal plates not observed.

Chromatophores yellow-brown, irregularly elliptical, few in
number, present in both epicone and hypocone. Red bodies slightly
smaller than the chromatophores also present. Nucleus very large,
elliptical, in the hypocone, with short chromosomal bodies visible.

Described from the English Channel.

Gales Creek: Observed in one sample from February, 140/00

salinity.

Leadbeater & Dodge (1966) were able to observe the thin theca
in this species throught the use of electron microscopy. Though
Thompson (1950) created the genus Woloszynskia for Gymmodinium-like
species with a theca, Leadbeater & Dodge conclude from their examina-
tion of a range of so-callen non-thecate dinoflagellates that all
dinoflagellates will probably eventually be found to have a theca,
with only degree of thickness separating "armored" fron "nakegd"
species.

In shape and form this species is most similar to Gymmodiniwm
vitiligo and G. veneficum, both described by Ballantine (1956), but
differs in the very large and easily visible nucleus in the posterior
part of the cell and in the greater lateral displacement of the

sulcus to the right descending the intercingular region-—in most
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species of Gymmodiuiwm with a girdle displacement this deflection
of the sulcus is to the left,

Studies: Nuclear and cell division--Leadbeater & Dodge (1967a).
Flagella--Leadbeater & Dodge (1967b, 1967c). Plastids and pyrenoids--
Dodge (1968). Pigments—-Whittle & Casselton (1968).

Katodinium rotundgtum (Lohmann) Fott
(pl. 7, £. 48 a-c; pl., 26, f. 1)

Katodinium rotundatum (Lohmann) Fott, 1957, p. 288. Amphidiniwn
rotundatum Lohmann, 1908, p. 261, pl. 17, f. 9. Massartia rotun-
data (Lohmann) Schiller, 1933, p. 438, f. 464; Hulburt, 1957, p- 207,
pl. 1, f. 5-8.

Cells small, body resembling an arrowhead in outline, circular
in cross-section. Length 7.5-11-(17)y, width 6-7.5-(12)u. Epicone
between 1/2 and 2/3 the length of the body, conical, with straight to
slightly convex sides, and acutely rounded apex. Hypocone length
about half its width, narrower than the epicone, broadly rounded.
Girdle very wide, no real displacement, anterior margin overhanging
and of larger diameter than the posterior margin which is sometimes
indistinet. No sulcus discernable. Transverse flagellum completely
encircling body; longitudinal flagellum equal to body length.

Chromatophores two, yellow-brown, the anterior one band-shaped
and partially encircling the periphery of the epicone, the posterior
one filling the bottom of the hypocone and extending up intc the epi-
cone on the ventral side--in some cells this lobe fuses with the
anterior plastid to create a single chromatophore. Nucleus ellip-
tical, positioned somewhat posterior of center, short chromosomal
bodies barely discernable. Rarely an orange stigma-like granule was
observed below the insertion of the longitudinal flagellum

Cosmopolitan species from both coasts of the Atlantic Ocean and
adjacent seas from the Caribbean to the Baltic and Mediterranean.

Gales Creek: Present every month but May, with frequency above
60% in autumn and early winter with densities up to 775 cells/ml by

the end of January, and a second bloom of up to 1,548 cells/ml in
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August. Euryhaline, from O to 360/00 salinity, with highest cell

concentrations in 3-90/00 salinity; observed in 103 samples.
Studies: Chromosome number--Dodge (1963c); Godward (1966).

Katodinium asymmetricwum {(Massart) Fott
(pl. 7, £. 49 a-c; pl. 26, f. 3)

Katodinium asymmetricum (Massart) Fott, 1957, p. 288. Gymiodinium
asymmetricum Massart, 1920, p. 132, f. 22 a-d. Massariia asymmetrica
(Massart ) Schiller, 1933, p. 434-5, f. 460 a-c; Carter, 1937, p. 59,
pl. 8. f. 17-18; Hulburt, 1957, p. 207, pl. 1, f. 10, 14.

Cells moderate-sized, broadly elliptical in outline, slightly
compressed dorsiventrally, epicone over two times as long as the hypo-
cone. Length 13y, widcth 10p. Epicone hemispherical with a small
apical notch; hypocone small, twice as wide as long, broadly rounded
with an obliquely flattened antapex. Girdle wide, displaced less than
one girdle width, the anterior margin wider and more defined than the
posterior margin. Sulcus moderately deep, widening as it extends to
the antapex. Transverse flagellum completely encircling the body;
longitudinal flagellum equal to body length.

Chromatophores absent. Nucleus elliptical, in the hypocone,
chromosomal bodies discernable. Large spherical body, sometimes
orange colored, and smaller assimilate granules often present in
the epicoene. _

England; Belgium; Germany; Woods Hole area.

Gales Creek: Scattered presence in spring and autumm; eury-

haline, from 2 to 320/00 salinity; observed in 21 samples.

Katodinium pluristigmatum sp. nov.
(pl. 8, £. 50 a-c)

Cells moderate in size, ovoid, slightly compressed dorsi-
ventrally, elliptical in cross-section. Length 1lu, width 8u, thick-
ness 7u. Epicone sub-conical, from 3/5 to 3/4 the length of the body,
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with straight or somewhat convex tapering sides and an acutely rounded
apex. Hypocone broadly rounded, as wide as the epicone, half as long
as broad, from 1/5 to 1/10 the length of the cell. CGirdle moderately
deep, 1/5 the cell length in width, not displaced. Sulcus not discern-
able. Transverse flagellum completely encircling the body; longitudi-
nal flagellum equal to the body length.

Chromatophores absent. Several round or elongate pale red stig-
matic granules are present ventrally along the midline of the cell,
one or several at the position of flagellar insertion, the rest above
these in the epicone. WNucleus spherical, somewhat posterier of
center, difficult to discern.

Gales Creek: Present in two samples from July and August;

euryhaline, from 1 to 26°/00 salinity.

This species 1s closely related to Katodiniwn stigmaticum
(Lindemann) Fott (1957) (see Schiller, 1933, under Mzssartia),
described by Lindemann from a Berlin pond, a species which, however,
is elliptical in shape, possesses only one elongate stigmatic granule,

and is larger in size, measuring 12-25u in length.

Gyrodintun qureolum Hulburt
(pl. 8, £. 51 a-b)

Cyrodinium qureolum Hulburt, 1957, p. 209, pl. 2, f. 8, 9.

Cells large, sub-pentagonal to broadly elliptical in ventral
view, compressed dorsiventrally, and elliptical in cross-sectiem,
with epicone and hypocone sub-equal. Length 27-30u, width 25-28y,
thicikness 22u. Epicone hemispherical to broadly conical, with
rounded apex. Hypocone hemispherical to trapezoidal, sides convex
or straight, antapex truncate to slightly emarginate. Girdle moderate-
ly wide and deep, displaced less than two girdle widths or about 1/7
the body length. Sulcus extending up less than 1/2 the length of the
epicene, narrow, only slightly deflected in the intercingular region,

widening on the hypocone and flattening or slightly excavating the
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antapex. Transverse flagellum almost completely encircling the body;
longitudinal flagellum about 1 1/2 times the length of the cell.

Chromatophores numercus, elliptical, yellow-brown. Nucleus
spherical, slightly anterior of center, chromosomal bodies visible.
Cells normally appear free of assimilate bodies.

Woods Hole area; Norway.

Gales Creek: Present in four samples from mid-March; polyhaline,

from 18 to 24° /oo salinity.

Hulburt's illustrations indicate a girdle displacement between
1/4 and 1/6 the body length, with the consequence that his species
straddles the line between Gymodinium and Gyrodiniwm. In the Gales
Creek specimens the girdle displacement of 1/7 the body length first
caused me to try placing them in the former genus. But I was later
able to observe cultures which Hulburt agreed were of this species,
located at the Institutt for Marin Biologl in Oslo, where girdle
displacements ranged from 1/4 to 1/10 the body length (see Braarud &
Heimdal, 1970). This great variation in degree of girdle displacement
again emphasizes the great need for a complete reworking of the generic
concept in these related groups.

Kimball & Wood (1965) believe that this species may be synonymous
with Gymodinium relsoni Martin and Gyrodinium resplendens Hulburt,

species also present in Gales Creek.

Gyrodinium resplendens Hulburt

(pl. 8, f. 52 a-b; pl. 26, £. 4)
Gyrodinium resplendens Hulburt, 1957, p. 210, pl. 2, f. 6, 7.

Cells large, elliptical, with obliquely truncate antapex, somewhat
flattened dorsiventrally, epicone and hypocone equal. Length 23-26u,
width 20-23u, thickness 18p. Epicone sub-hemispherical to trapezovidal
in ventral view, the apex rounded to obliquely truncate, sides convex
or straight and sloping. Hypocone trapezoidal with sloping convex
sides and an obliquely truncate to emarginate antapex. Girdle deep,

moderately wide, displaced two girdle widths, about 2/7 the body
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length, and overlapping about one girdle width. Sulcus extending onto
the epicone deflected as a short and narrow superficial gooove at a
45° angle to the cell's right, narrow and sigmeid in the intercingular
zone, broadening as it extends down the hypocone to indent the antapex.
Transverse flagellum completely encircling the body; longitudinal
flagellum equal to body length.

Chromatophores many, small, oval, brown. Nucleus slightly
anterior of center, elliptical, with chromosomal bodies visible.
Internal detall normally obscured by the dense chromatophores.

Woods Hole area.

Gales Creek: Present from 5 samples In April and one in December;

polyhaline, from 19-270/00 salinity.

The cells observed from Gales Creek were smaller than those
measured by Hulburt (36-62u by 32-48u), possessed an obliquely truncate
antapex, and did not show the more curving longer sulcal groove on the
epicone.

Kimball & Wood (1965) believe that this species may be synonymous
with Gymmodinium nelsoni Martin and Gyrodiniwm aureolwn Hulburt, both
of which were alsc identified from Gales Creek.

Studies: Pigments--Loeblich & Smith (1968). Phototaxis——

Bendix (1960).

Gyrodinium wicatenun Hulburt
(pt. 8, £. 53 a-c; pl. 26, f. 5-6)

Gyrodinium wncatenun Hulburt, 1957, p. 210, pl. 4, f. 1-3.

Cells very large, slightly compressed laterally, elliptical to
subquadrangular in lateral view, elliptical to oblong in ventral view,
eplcone and hypocone sub-equal. Length 30-62y, width 20-43u, thick-
ness 23-45u., Epicone subtrapezoidal to subhemispherical, broadly
rounded at apex, with slightly concave, straight, or slightly convex
gsloping sides; hypocone similar but slightly shorter, antapex slightly
more truncate In lateral view and emargenate in ventral view. Girdle

narrow, deep, displaced 1/3 body length, descending steeply before
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rejoining sulcus. Sulcus extending onto epicone a short distance,
curving slightly te the left in the intercingular area, then to right
on the hypocone, cutting a deep sinus across the antapex to the dorsatl
side, appearing in lateral view as an oblique line descending from
ventral to dorsal side of hypocone. Transverse flagellum completely
encircling the body and normally confined to the girdle groove; longi-
tudinal flagellum inserted deep within the hypoconal sinus slightly
ventral of midline, about equal to the bedy length.

Chromatophores mamy, yellow-brown, varying in size but oblong to
elongate, radiating from the center of the cell. Nucleus spherical,
in the epicone, with small slightly elongate chromosomal bodies visible.
Various assimilate particles present, scme rather large,

Woods Hole area.

Gales Creek: Present from July to November; from 5 to 300/00

salinity; observed in 18 samples.

This is a distinctive species whose basic shape is reminiscent
of unpigmented Gymodiniun stellatwum Hulburt (1957).

Studies: Phototaxis--Bendix (1960}.

Gyrodinium modulum sp. nov.
(pl. 8, f. 54 a-d; pl. 26, f. 7-8)

Cells moderate-sized to large, body elliptical to broadly fusiform,
circular in cross-section., Length 12-22y, width 8.5-16u. Epicone
hemispherical to breadly conical with rounded apex; hypocone similar in
size and shape but sometimes with a slightly flattened or indented
antapex. Girdle moderate to wide and deep, displaced 2 to 3 girdle
widths (around 1/3 body length). Sulcus narrow, extending almost to
the apex on the epicone, deflected somewhat to the left in the inter-
cingular region, and extending almost to the antapex. Transverse
flagellum encircling body; longitudinal flagellum equal to cell length.

Chromatophores yellow-brown, difficult to delineate but apparent ly
several and elliptical in shape, distributed mostly in the hypocone.

One to several red or sometimes orange bodies slightly smaller than
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the chromatophores also present in the hypocone. WNucleus large,
elliptical, with short chromosomal bodies, filling most of the epicone.
Gales Creek: Present in October and November; from 20 to 33°/,,

salinicy; observed in 9 samples

Though similar in size and form to this species, Gyrodinium
lebourae Herdman {(1924) has a narrower more displaced girdle and
apparently lacks chromatophores, though possessing a red basal body.

G. estuariale Hulburt (1957) is smaller, with a truncated antapex,
fewer larger chromatophores, and deflection of the sulcus to the right,
G. aureolum Hulburt (1957) is larger, with a truncate antapex,

numerous chromatophores and a central nucleus. The fresh-water species
Gymmodinium marylandicum Thompson (1947) has less girdle displacement,
is dorsiventrally compressed, and the 4-6 large chromatophores £ill

the cell.

Gyrodinium estuariale Hulburt
{(P1. 8, £. 55 a-g)

Gyrodinium estuariale Hulburt, 1957, p. 209, pl. 1, £. 15, 16.

Cells moderate-sized, broadly elliptical, slightly compressed
dorsiventrally, elliptical in cross-section. Length (8.5)-10-16-(18)y,
width 6.5-12-(15)p. Epicone hemispherical teo broadly conical with
rounded apex; hypocone subhemispherical to subtrapezoidal with an
obliquely truncate or sometimes slightly emarginate antapex. Girdle
central, deep and moderately wide, displaced slightly over one girdle
width (between 1/4 and 1/3 the body length). Sulcus shallow, often
difficult to discern, very slight on epicone, straight or deflected
slightly to the right in the intercingular region, widening and extend-
ing to the flattened or slightly excavated antapex. Transverse flagel-
lum completely encircling the body; longitudinal flagellum equal to
body length.

Chromatophores yellow to yellow-brown, 1-3 in the hypocone and

0-2 in the epicone, irregularly elliptical in shape. HNucleus
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spherical, central or sub-central, short chromosomal bodies visible.
Cytoplasm granular; assimilate granules occasional, small red stigma-
like granules sparce if present.

Described from Woods Hole area.

Gales Creek: Present in spring and September with moderate
frequencies in May and June; eurvhaline, from 5 to 310/00 salinity;

observed in 24 samples.

This organism differs from two very similar species, Gymodinium
vitiligo and Gymnodinium veneficum,both described by Ballentine (1956),
in the greater displacement of the girdle ends, the wider and deeper
girdle, and in the oblique, instead of symmetrically rounded, antapex.
This last character also distinguishes it from Gyrodinium carteretensis

sp. nov., described below, which has an acutely pointed antapex.

Gyrodinium carteretensis sp. nov.
(pl. 9, £. 57 a-b, pl. 26, f. 9~11)

Cells moderate-sized, elliptical, circular in cross-section,
epicone and hypecone sub-equal. Length 17y, width 12p. Epicone
hemispherical with a small apical notch; hypocone hemispherical but
for an acute antapex. Girdle shallow, the margins often difficult
to distinguish, displaced 1/3 the body length. Sulcus deeper and
narrower, extending a short distance onto the epicone as a right hook,
deflected to the cell's right 1/4 the width of the body in the inter-
cingular region, then broadening and extending to the left side of
the antapex. Transverse flagellum encircling the body; longitudinal
flagellum equal to the cell in length; both flagella inserted in small
pockets.

Chromatophores yellow, few in number, plate-shaped and peripheral
in epicone and hypocone. Cytoplasm granular. Nucleus large, ellipti-
cal, in the hypocone, with round chromoscmal bodies visible.

Gales Creek: Observed in crude cultures made from an April Gales

Creek sample with 20°/c0 salinity.
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This species 1s similar to Ballantine's (1956) Gymmodiniwn viti-
ligo and Gymodinium veneficwn both in form and in having the right-
deflected intercingular sulcal segment, but the great girdle displace-
ment places it closer to Gyrodinium estuariale Hulburt (1957) which,
however, has a central rather than posterior nucleus, and an obliquely

truncate rather than acute antapex.

Gyrodinium complanatum sp. nov.
(pll 9, f‘ 56 a'-c)

Cells moderate-sized, body broadly elliptical, dorsiventrally
compressed, semiclrcular in cross-section with flat ventral and convex
dorsal surfaces, epicone slightly shorter than hypocone. Length 18y,
width 13y, thickness 10u. Epicone hemispherical to subtrapezoidal
with slightly curved slcping sides and a broadly rounded apex; hypo-
cone subtrapezoidal with convex sides and an obliquely truncated ant-
apex. Girdle moderately wide and deep, displaced almost two girdle
widths (1/4 the body length); sulcus absent from the epicone, forming
a sharp angle with the anterior limb of the girdle, narrow, straight
and deflected to the left in the intercingular region, deflected
less to the left on the hypocone and broadening posteriorly te flatten
the antapex. Transverse flagellum incompletely encircling the body;
longitudinal flagellum not observed.

Chromatophores two, large, brown, filling the hypocone. A large
red granule positioned by the ventral face of the epicone. Nucleus
large, round, in the epicone, with short chromosomal bodies visible.

Gales Creek: Present in a single November sample at 290/00

salinity.

This species bears some resemblance to Gymmodiniwm punctatum
Pouchet (see Martin, 1929) but differs in the distinct girdle dis-

placement and the flattened ventral surface.
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Gyrodinium cf. metum Hulburt
(Pl. 9’ f! 58 a_q; pla 26. f. 12)

Gyrodinium metum Hulburt, 1957, p. 211, pl. 1, £, 11, 12,

Cells moderate-sized, elliptical teo broadly fusiform but variable in
shape, round in cross-section to slightly compressed dorsiventrally, hy-
pocone larger than epicome. Length 7.5-16un, width 5-14y. Epicone broad-
ly rounded to broadly conical; hypocone rounded to subtrapezoidal, anta-
pex conical to obliquely truncate or sometimes emarginate, acutely rorded
in lateral view. Girdle deep and moderately wide, displaced 1-1 1/2
girdle widths, about 1/4-1/6 the body length; sulcus sigmoid, not extend
ing onto the epicone, narrow in the intercingular region, broadening on
the hypocone, flattening or indenting the antapex. Transverse flagel-
lum completely encircling the body; longitudinal flagellum 1 1/2 times
body length.

Chromatophores absent. Cytoplasm grayish, somewhat granular.
Nucleus spherical, in the left side of the hypocone, small chromosomal
bodies visible. A few ingested bodies often present posteriorly,

Woods Hole area.

Gales Creek: Present in all seasons, up to 39 cells/ml in June:

polvhaline, from 20 to 310/00 salinity; observed in 78 samples,

The many variable specimens obtained from Gales Creek shared in
common with Hulburt's species the "chinaman-hat" shape of the epicone,
and have been tentatively placed together here despite the usually
wider girdles and the sometimes more obliquely truncate antapices. The
displacement of the girdle in these specimens points up the problem of
the artificial separation of Gymmodiniwn and Gyrodiniwm on the basis of
girdle displacement being less or greater than 1/5 body length.

Gyreodinium formosum sp. nov.
(P1. 9, £. 59 a-c)

Cells moderate 1n size, body elliptical with an obliquely truncate
‘ntapex, slightly compressed dorsiventrally, elliptical inm cross-

~tion, epicone somewhat shorter than hypocome. Length 17-22u,
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width 12-19u. Epicone sub-conical to hemispherical; in some cells the
dorsal surface was evenly divided by a shallow groove extending to and
slightly notching the apex. Hypocone subtrapezoidal with straight or
convex tapering sides and an obliquely truncate antapex. Surface
striations absent. Girdle deep and wide, supra-median, displaced
about 2 1/2 girdle widths (1/3 the body length) and overlapping almost
the same amount; sulcus slgmoid, absent from the epicone, narrow and
strongly deflected to the left in the intercingular region, curving
somewhat to the right on the hypocone, widening abruptly near the
antapex. Transverse flagellum inserted in a deep posteriorly directed
pocket, completely encircling the body. Longitudinal flagellum arising
from a shallow pocket, slightly shorter than the body length.

Chromatopheres absent. Cytoplasm granular, unpigmented or some-
times faintly yellow. Nucleus large, sub~spherical, mostly in the
epicone, with short chromeosomal bodies. Numerous refractive assimilate
bodies present.

Gales Creek: Present from each season; from 23 to 320/00 salinity;

observed in 5 samples.

The sharp curve of the anterior limb of the girdle joining the
strongly deflected sulcus is a distinctive feature of this species, as

is the dorsal groove cn the epicone.

Gyrodinium glaebum Hulburt
(pl. 9, £. 60)

Gyrodinium glaebum Hulburt, 1957, p. 211, pl. 1, f. 17, 18.

Cells moderate-sized, body broadly elliptical with equal epicone
and hypocone. Length 19u, width 16u. Epicone sub-hemispherical.
Hypocone also sub-hemispherical, with a slightly oblique emarginate
antapex. Girdle moderately wide and deep, displaced between two and
three girdle widths (about 1/3 the bedy lemgth). Sulcus present om
the epicone, narrow and deflected to the left in the intercinguiar
region, then broadening on the hypocone and indenting the antapex.

Flagella not observed.
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Chromatophores absent. Nucleus sub-spherical, supra-median, with
elongate chromosomal bodies. Many refractive assimilate bodies of
varying sizes scattered through the cytoplasm along with several
ingested bodies.

Woods Hole regilon.

Gales Creek: Present in one sample from August at 210/00

salinity.

The Gales Creek material differed from Hulburt's (1957) descrip-
tion of the species only in the somewhat more breadly elliptical shape,
the slightly longer extension of the sulcus onto the epicone, and the

absence of a single large brown ingested body.

Gyrodinium Katodiniascens sp. nov.
(plo g, fo 61 a—C)

Cells moderate-sized, elongate-ocveid, epicone 1 1/2 to 2 times
as long as hypocone. Length 12-20u, width 5-7p. Epicone conical
with rounded apex and convex sides; hypocone hemispherical with
obliquely flattened or emarginate antapex. Girdle narrow and deep,
displaced 3 girdle widths (from 1/4 to 1/3 the body length); sulcus
narrow, extending onto the epicone, curving slightly to the left in
the intercingular region, becoming shallower as it extends to the
antapex. Transverse flagellum not seen; longitudinal flagellum 2/3
to 3/4 the body length. Surface striations absent.

Chromatophores absent. WNucleus not seen. A refractive spheri-
cal assimilate body is often present in the hypocone.

Gales Creek: Present in three samples from May and October;

21 to over 300/00 salinity.

The shape and form of this organism is rather like Xatodiniwm
glaucum (Lebour) Fott (1957) (see Schiller, 1933, under Mgssartia)
but is less than half the size, lacks surface striations, and has a
proportionally shorter epicone. In some of these specimens the girdle

was positioned far enough posteriorly to suggest placement in
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Katodinium, demonstrating the artificiality of separating this genus
only on the basis of the hypocone length being less than 1/5 the

length of the epicone.

Gyrodinium pellucidum (Wulff) Martin
(pl. 9, £. 62 a-d; pl. 27, f. 1-2)

Gymodinium pellucidwm Wulff, 1916, p. 107, pl. 1, f. 2a, b. Gyro-
dinium pellueidum (Wulff) Martin, 1929, p. 17, pl. 1, f. 12-21.
Gyrodinium pellucidum (Wulff) Schiller, 1933, p. 490, £. 521.

Cells large, broadly fusiform, circular to elliptical in cross-
section, up to twice as long as broad, epicone and hypocone sub-equal.
Length 20-31-(49)u, width 12-22-(30)u. Epicone broadly to narrowly
conate with rounded apex and straight or convex sloping sides; hypo-
cone conate to subhemispherical with rounded to obliquely truncate
antapex and convex sides. Surface striations absent. Girdle modera-
tely deep and wide, displaced 1/5 to 1/3 the body length; sulcus
straight or only slightly deflected in the intercingular area,
projecting half way or more up the epicone, extending to the poster-
ior margin of the hypocone on left side of the antapex. Transverse
flagellum completely encircling the body; longitudinal flagellum
about equal to the cell length.

Chromatophores absent. Cytoplasm often somewhat foamy or granular.
Nucleus spherical, central, chromosomal bodies visible. Large 1ingested
bodies usually present basally, other assimilate granules scattered
through the cytoplasm.

Barents Sea; Barnegat Bay.

Gales Creek: Absence of longitudinal body striatioms, the
feature which readily separates this organism from the following
species, Gyrodinium dominans, could not be determined at the low
magnifications used for cell counts, so the following data encompasses
both specles: Present from April to November with abundance in August
and September, up to 108 cells/ml; euryhaline, from 4 to 320/00
salinity; observed in 136 samples.
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These cells are generally somewhat more broadly fusiform than
those of Gyrodintum dominans Hulburt (1957), and may be distorted in
shape when large amounts of material have been ingested, when often
the posterior portion of the cell will be more rounded than conical.
In Martin's (1929) material, also doubtfully referred to this species,
girdle displacement was greater, varying from 1/3 to over 1/2 body

length.

Gyrodinium dominane Hulburt
(pl. 10, f. 63 a-b; pl. 27, f. 3-4)

Gyrodinium dominans Hulburt, 1957, p. 212, pl. 3, f. 1-3.

Cells moderate-sized to large, fusiform, circular in cross-
section, epicone somewhat shorter than hypocone. Length (13)-18-31-
(40)u, width 9~16-(20)u. Epicone conate with rounded apex and straight
or rounded sloping sides; hypocone conate with rounded to very
obliquely flattened antapex and straight of curved sloping sides.
Surface with longitudinal striations extending from apex to antapex,
with 7 to 10 striations across the ventral face. Girdle moderately
deep and wide, displaced 2 1/2-4 girdle widths (1/4-1/3 body length),
overlapping about one girdle width, sometimes with slightly flaring
margins; sulcus sigmoid, extending halfway up the epicone, deflected
to the cell’s left as it descends the intercingular region, extending
to the posterior left margin of the hypocone. Transverse flagel Tum
completely encircling the body; longitudinal flagelium 1/2 to aqual
the body length.

Chromatophores absent. Nucleus spherical, slightly anterior to
slightly posterior of center, with elongate chromosomal bodies. Large
ingested bodies usually present in the hypocone.

Woods Hole area.

Gales Creek: The distinguishing feature--presence of longitudinal
body striations--which separates this species from cells referred to
Gyrodinium pellucidum was not observable at the low magnifications used
for cell counts of these species, so the following data is for the two

species together: Present from April to November with abundance in
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August and September, up to 108 cells/ml; euryhaline, from 4 to 320/00

salinity; observed in 136 samples.

Gyrodiniun dominans differs from G. pingue Schutt (see Schiller,
1933), G. obtusum Schutt (see Schiller, 1933), and . fisewnm Kofoid &
Swezy (1921) chiefly in the flexure of the sulcus, which is 1/4 the
body width in &. dominans but comparatively straight in the other
three. G. pellucidum, described above, not only has a straighter

sulcus, but also lacks the longitudinal striations on the bedy.

Gyrodinium grossestriatum sp. nov.
(pl. 10, £. 64 a-c)

Cells large, body fusiform, circular in cross-section, epicone
shorter than hypocone. Length 25-26u, width 14-15u. Epicone conate
with acutely rounded apex and slightly convex sides; hypocone similar
but longer. Surface with about 11 strong longitudinal striationms,
actually narrow ridges, extending from apex tc antapex, with five
visible across the ventral surface. Girdle moderately wide and deep,
displaced 3 girdle widths (about 1/4 the body length) and overlapping
approximately 2 girdle widths; sulcus sigmoid and narrow, extending
onto the epicone, deflected strongly to the left in the intercingular
region, then becoming more shallow and continuing to the flattened
left side of the antapex. Transverse flagellum completely encircling
the body; longitudinal flagellum 1/2 to 2/3 the body length.

Chromatophores absent. Nucleus spherical, varying in position
within the middle third of the body, with elongate chromosomal bodies
visible. Ingested bodies and assimilate granules present posteriorly.

Gales Creek: Present In 3 samples from June and October; from

21 to 27%/00 salinity.

This species is very similar to Gyrodinium domingns Hulburt (1957)
but differs in the stronger flexure of the sulcus and the fewer heavier
longitudinal striations which are observable even with lower power

magnifications.
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Gyrodiniwn sp. "a
{pl. 10, f. 65 a-b)

Cells moderate in size, body broadly fusiform with truncate
antapex, epicone and hypocone sub-equal. Length 15-18u, width 11-15u.
Epicone conical with straight or slightly convex sloping sides and
rounded or sometimes flartened apex; hypocone trapezoidal with sides
similar to the epicone, flattened antapex. Girdle wide and moderately
deep, displaced 1 1/2 girdle widths (1/4-1/5 body length); sulcus
broad and shallow, absent from the epicone, proceeding straight to the
flattened antapex. Transverse flagellum encircling 1/2 the body cir-
cumference; longitudinal flagellum slightly longer than the cell
length.

Chromatophores absent. Nucleus large, elliptical, fi1lling the
left side of the hypocone, short chromosomal bodies visible. Variousg
sizes of assimilate bodies present through the cytoplasm.

Gales Creek: Present in two May samples; 8 and ZSD/oo salinity.

This species is similar in form to Gymmodinium minor Lebour (1917)
but is smaller, has a wider girdle with greater displacement, and a

non-central nucleus.

Gyrodinium sp. "b"
(pl. 10, f. 66)

Cells large, body broadly fusiform with acutely rounded ends,
epicone and hypccone sub-equal. Length 2%y, width 24y. Epicone
conical with slightly convex sides; hypocone similar. Surface stria-
tions absent. Girdle wide and moderately deep, displaced almost three
girdle widths (almost 1/2 the body length). Sulcus narrow and straight,
extending from near the apex to near the antapex. Flagella not
cbserved.

Chromatophores absent. Nucleus large and elliptical, supra-

median, with elongate chromosomal bodies.

Gales Creek: Present in one November sample, 330/00 salinity.
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The girdle in this form is two to three times as wide as those
found in the cells identified as Gyrodinium pellucidum, described
above, but other characteristics are very similar.

Gyrodinium sp. ''c"
(pl. 10, f. 67 a-b)

Cells large, body elliptical to elongately sub-pentagonal, dorsi-
ventrally compressed, elliptical in cross-section, with a short ant-
aplcal tentacular lobe. Length 30u, width 20u, thickness 15u. Epicone
sub-hemispherical to breadly sub-conical with rounded apex, shorter
than hypocone; hypocone sub-trapezoidal with straight tapering sides
and a very broadly rounded antapex interrupted in the middle by an
extension of the left posterior margin of the sulcus into a short
pointed tentacular lobe, 8u x 4p, deflected to the right. Surface
striations absent. Girdle supra-median, deep and moderately wide,
deflected slightly more than two girdie widths (1/5 the body length);
sulcus sigmoid, extending onto the epicone, deflected somewhat to the
left in the intercingular area, continuing posteriorly tc be over-—
lapped by the left sulcal margin's antapical lobe. Flagella not
observed.

Chromatophores absent. Nucleus large, spherical, central, with
short chromosomal bodies. Ingested and assimilate bodies present.

Gales Creek: Present in a single September sample with 250/00

salinity.

The only other Gyrodiniwn with a similar form is G. wulffi<
Schiller (1933), but its antapical lobe is formed from the right
posterior margin of the sulcus, and this larger specles alsc differs

in having surface striations and a larger girdle displacement.

Gyrodinium sp. "d"
(pl. 10, £. 68)

Cells moderate sized, body elliptical, dorsiventrally compressed,

with obliquely emarginate antapex. Length 16-22u, width 13.5-15y,
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thickness 10u. Epicone hemispherical to broadly conical with rounded
apex; hypocone sub-trapezoldal with convex margins and emarginate
antapex. Girdle moderately wide and deep, displaced 2 girdle widths
(1/4-1/5 body length); sulcus shallow and faint, extending onte¢ the
epicone, deflected only slightly to the left in the intercingular
area, descending to the antapex. Transverse falgella not seen; longi-
dudinal flagellum less than 1 1/2 times cell length.

Chromatophores absent. Cytoplasm granular, Nucleus elliptical,
sub-central, short chromosomal bodies visible. Various assimilate
granules scattered through the cytoplasm.

Gales Creek: Present in 5 samples from May and cne from July;

1 to 220/00 salinity.
Gyrodinium sp. 'e"
(pl. 10, £. 69)

Cells moderate sized, body broadly elliptical to sub-pentagonal,
dorsiventrally compressed, epicone somewhat smaller than hypocone.
Length 15-22u, width 14-18yp. Epicone broadly subconical with rounded
apex: hypocone sub-quadrangular with a broadly emarginate antapex.
Girdle moderately wide and shallow, displaced 2 girdle widths (1/5
the body length); sulcus extending onto the epicone as a thin shallow
groove, narrow and straight in the intercingular region, becoming more
shallow and broad as it descends to the emarginate antapex. Trans-
verse flagellum inserted in a deep flagellar pit, only partially
encircling the cell; longitudinal flagellum not observed.

Chromatophores absent. Cytoplasm finely granular. NYucleus
large, elliptical, mostly within the epicone, with short chromosomal
bodies visible. Various assimilate bodies present posteriorly.

Gales Creek: Observed in 3 samples from October and November;

from 23 to 32°%/00 salinity.
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Gyrodinium sp. "f"
(pl. 10, £. 70 a-b)

Cells of moderate size, body elongate-elliptical, compressed
dorsiventrally, outline sometimes asymmetrical, epicone smaller than
hypocone. Length 17-22y, width 10-18u. Epicone hemispherical to sub-
conical with broadly rounded apex; hypocone sub-trapezoidal, with
flattened to shallowly emarginate antapex. Cirdle moderately wide and
deep, displaced two girdle widths (1/5 the body length); sulcus a
narrow groove on the epicone, moderately wide and slightly deflected
to the left in the intercingular region, descending the middle of
the hypocone to a flattened antapex. Transverse flagellum partially
encircling the cell; longitudinal flagellum less than cell length.

Chromatophores absent. Cytoplasm granular. Nucleus not observed.

Gales Creek: Present from May to July; from 18 to 270/00
salinity; observed in 7 samples.

Gyrodinium sp. "g"
(pl. 10, £f. 71 a-c)

Cells moderate in size, body strongly compressed laterally, in
ventral view fusiform with acutely rounded apex and antapex, epicone
and hypocone sub-equal. Length 15-22p, width 10-15p, thickness 15-22p.
Epicone in lateral view hemispherical; hypocone in lateral view sub-
rectangular with the ventral side drawn down in a rounded antapical
lobe. Girdle narrow and moderately deep, displaced 2 to 3 girdle
widths (1/3-1/4 the body length), both ends curved posteriorly before
joining the sulcus; sulcus slightly sigmoid, narrow and extending
partly up the curved ventral surface of the epicone, broader and
deflected one girdle-width to the left in the intercingular region,
narrowing and extending down the straight ventral surface of the poster-
ior lobe almost to the antapex. Falgella not observed.

Chromatophores absent. Nucleus not seen. Ingested bodies
present posteriorly.

Gales Creek: Present in two October samples from 19 to 240/00

salinity.
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The distinctive shape of this Gymrnodiniwm species is apparently

unique for the genus.

Polykrikos hartmarnni Zimmermann
(pl. 11, £. 72; pl. 27, f. 5)

Polykrikos hartmanni Zimmermann, 1930, p. 436, f. 8-9; Schiller, 1933,
p. 548, f£. 577; Hulburt, 1957, p. 215, pl. 4, £. 7.

Cell a colony, cylindrical, circular in cross-section, with
broadly rounded ends, composed of two very large zooids delimited by
a slight constriction. Length 75p, width 43p. Epicones and hypocones
sub~equal. Girdles two, wide, moderately shallow, displaced about two
girdle-widths; sulcus narrow, extending onto the anterior epicone,
descending in a series of sigmold curves to the posterior hypocone
where it creates a slight antapical depression. Transverse flagella
two, incompletely encircling zcolds; longitudinal flagella not
observed.

Chromatophores numercus, small, elliptical, vellow-brown. Nuclei
two, one in each zooid, with very elongate chromosomal bodies visible.
Numerous black granules scattered through cytoplasm, concentrated in
the posterior portion. Nematocysts not observed.

Adriatic Sea; Woods Hole area.

Gales Creek: Present in 3 samples from October and one from April;
from 23 to 27%/00 salinity,

Polykrikos kofoidi Chatton
(pl. 11, f. 73 a-c; pl. 27, f. 6-7)

Polykrikos kofoidi Chatton, 1914, p. 161; Martin, 1929, p. 19, pl. 4,
f. 3, 4; Schiller, 1933, p. 549, f. 578.

Cell a colony, cylindrical with broadly rounded anterior and
truncate posterior, consisting of twe or four very large zooids, each
delimited by a slight constriction. Four-zooid coleny length 75-116y,
width 40-59u; two-zooid colony length 49u, width 20-40u. Epicones and
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hypocones equal except in the anterior zooid where the epicone may be
smaller. Hypocone of each zooid bearing longitudinal ribs. Girdles 2
or 4, wide, moderately deep, displaced two girdle widths; sulcus on
each zooid straight, narrowing posteriorly, not present on the hypocone,
excavating the antapex of the posterior zooid. Transverse flagella in-
completely encircling zooids; longitudinal flagella the length of two
zooids.

Chromatophores absemt. Cytoplasm unpigmented, granular. Nuclei
one for every two zooids, large, spherical, chromosonal bodies visible.
Many elongate~ovate nematocysts present, distributed more to the dorsal
side of the colony. Many small and moderate-sized granules present
along with occasional large ingested bodies.

Pacific Ocean off California; Barnegat Bay, N.J.

Gales Creek: Presence in April from three samples; from 20 to

28°%/00 salinity.

Previous descriptions have been of colonies colored greenish gray
to pale rose to deep pink, but no pigmentation was observed in the
Gales Creek specimens. Colonies of this species may possess 2, 4, 8,

or even 16 zooids.

Glenodinium cf. votundwn (Lebour) Schiller
(P1. 11, £. 74 a-b, pl. 28, £, 1)

Glenodiniwm rotundum (Lebour) Schiller, 1937, p. 107, f. 98, 269,
Peridiniopsis rotunda Lebour, 1922, p. 804, f. 16, 20; Martin, 1929,
p. 24, pl. 2, £. 12-16, pl. 3, f. 34, 35.

Cells large thecate, sub-globose, circular in cross section, epi-
cone and hypocone equal. Length 23-28 y, width 22-24 1, Epicone hemi-
spherical to subconate, bearing a minute apical horn; hypocone hemi-
spherical. Girdle central, not displaced, with lists; sulcus extending
almost to the antapex, the left margin bearing a wing-like list. Trans-
verse flagellum incompletely encircling the body; longitudinal flagellum

equal to the cell length. Thecal plate pattern not observed.
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Chromatophores absent. Cytoplasm colorless and slightly granular.
Nucleus central to somewhat anterior, bearing elongate chromosomal
bodies.

Plymouth Sound; Barnegat Bay, N.J., extremely abundant in plankton;
Chesapeake Bay; Pamlico Sound.

Gales Creek: Presence from all seasons; from 1 to 240/00 salinity;

observed in 18 samples.

The thecal plates were too delicate for their outlines to be ob-
served, and the form of these specimens is also like Glenodinium pilula
Ostenfeld (see Schiller, 1937), but they have been tentatively assigned
to Glenodinium rotundum because this species has been reported from
east coast estuaries in the U. S. (Martin, 1929; Hulburt, 1957;
Griffich, 1961).

Glenodintunm cf. lenticula (Bergh) Schiller
(Pl. 11, f. 75 a-b)

Glemodinium lenticula (Bergh) Schiller, 1937, p. 103, £. 95 a-h.
Diplopsalis lenticula Bergh, 1881, p. 244, f. 60-62; Martin, 1929, p.
23, pl. 4, f. 11-13,

Cells large, thecate, body lenticular, broader than leng, ellip-
tical in cross section, epitheca and hypotheca equal; epitheca bearing
a short apical horn, hypotheca rounded. Length 27 u, width 43 yu.
Girdle central, not displaced, with prominant lists; sulcus extending
almost to the antapex, with the left margin bearing a hyaline list
which curves somewhat over the posterior portion of the furrow. Trans-
verse flagellum extending around less than 1/3 the circumference of the
cell; longitudinal flagellum shorter than the body length, inserted pos-
terior-ventrally  in the sulcus. Thecal plate pattern not ohserved.

Chromatophores absent. Cytoplasm clear. Llarge vacuole present.
Nucleus not ochserved.

Barnegat Bay.

Gales Creek: Observed in three winter samples; 11 to 200/00

salinity.
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Though the plate structure was not observed, and it was therefore
not possible to say whether these specimens were truly Glenodiniwm and
not Diplopsalie or Peridiniopsis, Schiller (1937) considers these latter

two genera to be only a part of Glenodinium.

Glenodinium dantoum Paulsen
(P1. 11, £. 76 a-b; pl. 28, £f. 2)

Glenodinium danicum Paulsen, 1907, p. 6, f. 2; Martin, 1929, p. 21,
pl. 2, £. 11, pl. 3, £. 27-30; Schiller, 1937, p. 111, £. 106.

Cells large, thecate, sub-globose to sub-pentagonal, slightly
compressed dorsiventrally, elliptical in cross section, epicone and
hypocone sub-equal. Length 20-28 u, width 16-27 u. Epicone hemi-
spherical to sub-conate; hypocone sub-trapezoidal with truncate or
slightly emarginate antapex. Gridle sub-central, wide and shallow,
displaced 1/2 girdle width; sulcul shallow, broad, often difficult to
diacern, not present on the epicone, extending to near the antapex.
Transverse flagellum completely encircling the body; longitudinal flag-
ellum about equal to body lemngth. Pattern of thecal plates not
observed.

Chromatophores many, elliptical, yellow-brown, peripheral. Stigma
red, adjacent to the anterior end of the sulcus, composed of one or two
elongate granules. Nucleus central spherical, with short
chromosomal bodies visible.

Plymouth Sound; Barnegat Bay, very common; Chesapeake Bay.

Gales Creek: Present from February to April in six samples; from
6 to 29°/c0 salinity.

Very similar to this species is a smaller unthecate form newly

described from Gales Creek, Gymnodinium danicans sp. nov.

Glenodiniwm obliquum Pouchet
(P1. 11, f£. 77a-c; pl. 28, f. 3-4)

Glenodinium obliquum Pouchet, 1883, p. 444, pl. 20 & 21, £. 37a-e;
Schiller, 1937, p. 102, £. 92, (not Pouchet's illustration). Cf.
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Coolia monotis Mewnier, 1919, pl. 19, f. 13-19; Balech, 1956, p. 47-52,
£. 53-66; Ostreopsis monotis (Meunier) Lindemann, 1928, p. 97;
Schiller, 1937, p. 472, f. 542.

Cells large, thecate, elliptical in ventral view, round in apical
view, appearing sub-quadrangular in lateral view with diagonal girdle.
Length 28-30 p, diameter 33-38 p. Epitheca over twice as broad as tall,
rounded, dorsal contout steep but ventral contour gently sloping; hypo-
theca with same appearance but with antapex closer to the ventral side.
Thecal plate pattern not observed, Girdle moderately wide and deep,
with ends turned down to join the sulcus; sulcus short, broad, rounded,
displaced somewhat to the right. Transverse f[lagellum complietely en-
circling the cell; longitudinal flagellum length equal to body width.

Chromatophores numerous, brown, elliptical but of wvarying size.
Nucleus not observed. Various particles and small granules in the
cytoplasm.

Middle coast of France; Brittany; England; Adriatic Sea.

Gales Creek: Present in five samples from March and April; from

18 to 29%/00 salinity.

The illustrations in Schiller (1937) are not from Pouchet's ori-
ginal description, and are views which do not reveal the true form of
the organism. The Gales Creek specimens are easily recognized in
Pouchet's original illustrations, which also show a large and reniform
nucleus lying against the dorsal surface in the epitheca. Pouchet did
not observe the plate structure and therefore placed his species in the
catch~all genus Glenodiniwn. The plate structure in an otherwise iden-
tical species, Coolia monotis, was described by Meunier (1919) and
further examined by Balech (1956), who considered the plate arrange-
ment so different from Ostireopsis siamensis Schmidt that he did not
accept Lindemann's placement of Meunier's species in this monotypic
genus. Coolia monotis and Glenodiniwm obliquum are identical in shape
and form even to the peculiar reniform nucleus in the dorsal portion of
the epitheca, and are most likely identical species. Thus, if speci-
mens from Pouchet's locality on the middle coast of France should be

found with the 20lig plate structure, they should then receive the
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name Coolia obliquum (Pouchet) comb. nov., as Pouchet's name predates

Meunier's.

Heterocapsa triquetra (Ehrenberg) Stein
(PL. 12, f. 78a-d; pl. 28, f. 5-6)

Heterocapsa triquetra (Ehrenberg) Stein, 1883, pl. 3, f. 30-40;
Lindemann, 1928, p. 88, f. 75; Conrad & Kufferath, 1953, p. 118, f., 6,
pl. 7, £. 4. Peridinium triquetrum (Ehrenberg) Lebour, 1925, p. 109,
pl. 18, f. 2; Schiller, 1937, p. 145, f. 147. Glenodinium triquetrum
Ehrenberg (according to Stein).

Cells large, thecate, spindle-shaped, unsymmetrical, with irregular
outline. Length 19-30 y, width 13-19 . Epitheca conical, apex acutely
rounded to narrowly truncate; hypotheca about same size and shape as
epitheca, or slightly smaller, with acute antapex. Girdle equatorial,
displaced 1/2 girdle width; sulcus short, extending half way to antapex.
Plate formula 4', 2a, 7", 5"', 2", Transverse flagellum encircling
cell; longitudinal flagellum equal to cell length.

Chromatophore appeared to be single, large, with elongate plate-
shaped lobes, yellow-brown. Nucleus spherical, large, occupying the
epicone, elongate chromosomal bodies visible. Red granules and various
assimilate bodies sometimes present in the cytoplasm.

Cosmopolitan neritic and estuarine species on both coasts of the
North Atlantic.

Gales Creek: Abundance from February to April, with densities
reaching 230 cells/ml; euryhaline, from 0 to 29%/06 salinity; observed

in 61 samples.

In the genus Peridinium the 1°° apical plate extends to the
cingulum, but in this species the 15t apical only reaches half that
distance. This distinctive character provides a very strong basis for
maintaining Heterocapsa as a separate genus and not combining it with
Peridinium. Two other species add much support to this view.
Beicheler (1952) describes Peridiniuwm ehattoni, an ovoid species with
the same plate formula as Heterocgpsa triquetra and a 1%t apical plate

which also does not reach the cingulum. It obviously should join
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Stein's species in this separate genus as Heterccapsa chattoni
(Beicheler) comb. nov. K.R. Gaarder at the University of Oslo has an
undescribed species which she feels also belongs in Heterocapsa. It is
from Walvis Bay in Southwest Africa and has more plates than the above
specles, but it has a lSt apical plate which again does not reach the
cingulum. This distinctive plate character thus is nct peculiar to
Stein's species, so his generic intuition appears well founded.
Heterceapsa triquetra is widely distributed in coastal waters,
produces resting spores, and may occur in great abundance in waters of
very low salinity. It is eurvhaline, and has been grown in cultures
from 5 to 380/00 with maximum grouth around lSD/oo salinity (Braarud,
1961). It is tolerant to very low temperatures (Braarud, 1962), but
has a texperature cptimum around 18°C. It tolerates mcderate pcllution,
but is retarded by higher ccncentrations (Braarud & Pappas, 1951).
Other studies: Fatty acids - Harringtoen, et al. (1970).

Peridinium trockoideum (Stein) Lemmermann

(Pl. 12, f. 79 a-b)

Peridinium trochcideum (Stein) Lemmermann, 1910, p. 673, f. 14-17;
Martin, 1929, p. 27, pl. 5, £, 11-12, pl. 7, f. 5-6; Schiller, 1937,
p. 137, £. 134, Glencdiniwr trochoideum Stein, 1883, pl. 3, £. 27-29.

Cells large, thecate, broadly ovoid with an apical horn, round in
cross section. Length 18-34 p, width 17-28 u. Epitheca conical to
hemispherical, with apex elongated into a conspicucus hcrn; hypotheca
herispherical with a slightly flattened anfapex, spines absent. Girdle
median, wide and shallow, with inccnspicuous lists; sulcus broad and
shallow on the hypotheca, extending to the flattened antapex. Flag-
ella not observed. Thecal plate arrangement otserved coly for the
ventral surface, as illustrated.

Chromatophores numerous, small, brown, densely packing the cell.
Nucleus spherical, central, chromosonal bodies visible.

Widely distributed neritic and estuarine species on toth coasts

of the North Atlantic In the middle and low latitudes.
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Gales Creek: Presence from mid-winter through spring, with high
frequency in early spring; eurvhaline, from 9 to 290/00 salinity; ob-

served in 36 samples and 1 plankton tow.

This species is identical in form, size, and thecal plate arrange-
ment to ferippeiella sweeneyi Balech (1959), but differs in the nunber
of plates in the cingulum and sulcus. These plates were not observed
in the Gales Creek material, so identification is tentative.

Peridinium trochcidewn is widely distributed in ccastal waters,
but does nct thrive in lowest salinities or coldest waters (Braarud,
1962). Salinity studies showed growth in cultures from 5 to eover 400/00
with a maximum around 20%/o0 (Braarud, 1961). The species produces
calcareous resting spores, spherical cysts bearing blunt pointed or
capitate calcite spines (Wall, et agl., 1970).

Other studies:t Pigments - Whittle & Casselton (1968); Riley &
Segar (1969). Phototaxis - Halldal (1958); Bencix (1960). Excreted
carbon - Hellebust (1965). Chromcsome number - Dodge (1963c); Godward
(196€). Intracellular bacteria - Silva (1962b). Fatty acids - Chuecas
& Riley (1969); Harringtom, et gil. (1970).

Peridiniun geiewliferwn Lemmermann

(pl., 12, £. 80 a-e; pl. 28, f. 7-9)

Peridinium acteuliferum lLemmermann, 1900, p. 28; 1910, p. 667, £. 25-
27; Schiller, 1937, p. 162, f. 160; Whitford & Schumacher, 19629, p. 122,
pl. 59, f. 10. Peridiniwn wrkonatum var. aciculiferur Lemmermann,

1308, p. 181.

Cells large, thecate, broadly oveid with apical hcrn, compressed
dorsiventrally, elliptical to reniform in cross section. Length 16-38
p, width 13-30 u, thickness 12-27 y. Epitheca ccnate tc hemispherical,
elongated into an apical horn; hypctheca zngularly hemispherical,
bearing three to seven short spines posteriorly, with some spines in
pairs. Girdle submedian, wide and shallow, not displaced, with narrow
lists supported by delicate spines; sulcus shallow, wide, extending to
the antapex. Flagella nct seen. Only the hypotheca plate arrangement

was observed, as illustrated.
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Chromatophores 6 to numerous, elliptical, brownish-vellow, periph-
eral. One or several large red stigmatic granules present along the
ventral midline. Nucleus spkerical, central.

A typical winter form from the cccler parts of Eurcpe, also
British Columbia, most ccmmon at cool seasons, but also cccurring in
water above 20°C and in summer in Neorth Garolina.

Gales Creek: Presence from June to November; euryhaline, from 4

to 310/00 salinity; observed in 23 samples.

The Gales Creek specimens were smaller than the published size
range for this species (35-50u by 32-40p), had more posterior spines
than the published number of 3-4, and possessed ventral red stigmatic
bedies previously not mentioned. Though the species is described as a
typical winter form frow cocler waters, Whitford & Schumacher have
found specimens in waters abtove 20°C and in summer, as has alsc been
the case for the Gales Creek material. These differences of the Neorth

Carolina material frow the speciec suggests a possible varietal status,

so I would like to propose the name Peridintum aciculiferwm var.

tepidum var. nov. for this smaller warm water form.

Peridinium cf. brevipec Paulsen
(pl. 12, f. 81)

Peridiniwn lrevipes Paulsen, 1908, p. 108, £. 151; Martin, 1929, p. 29,
pl. 7, f. 8-10; Schiller, 1937, p. 200, f. 195.

Cells large, thecate, broadly ovoid, round in cross section.
Length (19)-23-34 y, width (18)-20-33 u. Epitheca conate tc hemi-
spherical with truncate tc slightly emarginate antapex, sometimes
bearing two small posterior spines. Girdle median, wide and shallow,
with inceonspicuous lists; sulcus shallow and wide, extending posteriorly
to flatten cr slightly excavate the antapex. Thecal plates and
flagella not otserved.

Chromatophores absent. Cytoplasm gray and foamy, sometimes with a
faintly brown coloration. Nucleus very large, ellipsoidal, in the

hypotheca. No assimilate bodies observed.
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Cosmcpolitan estuarine, neritic and cceanic species from cold and
warmn waters of both hemispheres.

Gales Creek: Scattered presence from all seasons, numerous with
high frequency in early spring; from 9 to 29° /00 salinity; observed

in 39 live and 19 preserved samples.

The Cales Creeck raterial agrees in size and shape with this var-
iable species except for being slightly narrower than the ucual case,
but the assignment of these forms to this species 1s tentative as the

arrangement ¢f the thecal plates has nct been observed.

Peridinium pentagonum Cran
(Pl. 12, f. 82 a-d)

Periaintium pentagonun Gran, 1902, p. 185, 190, f. 15; Schiller, 1937, p.
241, £. 242,

Cells gigantic, thecate, body broader than long, pentagonal in
ventral view, dorsiventrally compressed to a thickness 2/3 body width,
rhomtoid in lateral view, reniform in apical view with a ccncave ven-
tral surface, apex narrowly rounded, antapex emarginate with two short
lateral horns. Length 68-94 yu, width 75-113 y. Epitheca btroadly con-
ical with straight or slightly convex sides; hypetheca trapezcidal with
straight tapering sides ending in twc stubby lateral lobes each bearing
a short strong spine. Girdle central, moderately wide and shallow,
displaced 1/2 tc¢ 1 1/2 girdle widths, with narrow thin lists supported
by nunerous spines; sulcus shallow, broadly spatulate on the hypotheca
and with a short extension cnto the epitheca. Flagella nct cbserved.
Only the ventral thecal plate arrangement was seen, as illustrated.

Chromatophores and any pigmentation absent. Nucleus eliiptical,
in the epitheca. Many refractive assimilate globules present.

A widely distributed estuarine and neritic euryhaline and
eurythermal species.

Gales Creek: Present in September and October; from 23 to 29°/00

salinity; observed in 4 live samples and 2 plankton tows.
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Studies: Bioluminescence - Tett {(1971).

Peridintum excavatwn Martin

(1. 12, f. 83 a-c)
Peridiniwn excavatum Martin, 1929, p. 28, pl. 5, f. 8-10.

Cells very large, thecate, body as long as broad, compressed
dorsiventrally, reniform in cross section, pentagonal in ventral view
with concave sides, antapex deeply cleft with two strong lateral horns.
Length 68 n, width 68 p, thickness 34 u. Epitheca ccnical with concave
sides and narrowly rcunded apex; hypotheca with strongly concave sides,
ending in two conspicucus lateral horns each tipped by a strong spine.
Girdle median, wide and deep, not displaced, tilted to the main axis of
the cell with the dorsal portion wcre anterior, with troad ttin lists
supported by spines; suleus wide and deep, creating a deep excavation on
the ventral surface and between the lateral heorns. Plate formula; 4',
3a, 7", 5", 2", No internal structure or flagella observed.

Barnegat Bay, N. J.

Gales Creek: Present from August to Octcber; polyhaline, from 20

to 290/00 salinity; observed in € live samples and 2 plankton tcws.

This species has the same general shape and form as Peridinium
leonis Pavillard (1916) (see Schiller, 1937) as well ac the same plate
arrangement, but accordimg to Martin (1929) it differs in the greater
divergence of the posterior horne, the more conspicuously concave
gides, and pink cclor. The Gales Creek spécimens lacked any pigmen-
tation, however, and the variation found within P. lecnis, under which
Schiller has placed two varietiee, is such that the other characteris-
tics separating P. excavatum from it would be of importance only cn a
subspecific level. Accordingly, a new corbination should be erected

for this organism: Peridinium leonis var. excavatwr (Martin) combt. ncv.

Goniaulax diacanthg (Meunier) Schiller
(P1. 13, £. 84 a-e; pl. 28, f. 10-12)



178

Gontaular diacantha (Meunier) Schiller, 1937, p. 300, f. 309; Conrad &
Kufferath, 1954, p. 122, pl. 3, £. 1. 4dmplax digeantha Meunier, 1919,
p- 74, pl. 19, f. 33-36.

Cells large, thecate, angularly oveild with truncate antapex, very
much compressed dersiventrally, withk dersal surface convex and ventral
surface flattened or ccncave. Length 25-43 yu, width 17-35 u, ttickness
12-25 u. Epitheca ccupressed-conical with sloping sides slightly con-
vex to slightly concave, apex elongated into a blunt horn broken at the
tip intec short spines; hypotheca subtrapezoidal in ventral view with a
scmewhat oblique slightly emarginate antapex, and both posterior lobes
ending in a winged spine, up to 5 p long, with the left spine usually
the longer. Thecal platees smocth to delicately reticulate; formula 3',
3a, 6", 6"', 1p, la. Girdle sub-~equatorial, moderately deep and wide,
displaced almost one girdle width, with narrow lists supported by num-
erous delicate spines; sulcurs concave and broadening posteriorly to in-
dent the antapex. Transverse flagellum not ccmpletely encircling cell;
longitudinal flagellum equal to body length.

Chromatophores many, yellow-brown, elongate and appearing to
radiate from the center of the cell. Nucleus elliptical, located in
the left side of the bypotheca, containing elongated chromosomal bodies.
One or more orange granules sometimes present posterior-ventrally.

Brackish water in Pelgium, alsc Straits of Florida and Caribbean
Sea.

Gales Creek: Scattered presence from all seasons, strong presence
from November to January; euryhaline, from 2 to 350/00 salinity; ob-

served in 38 samples.
Studies: Cultures - Silva {1962z).

Goniaulax spinifera {Clap. & Lach.) Diesing
(P1. 13, £. B5 a-b)

Gontaulax spinifera (Clap. & Lach.) Diesing, 1866, p. 96; Schiller,
1937, p. 297, f. 305a-n. Peridiniwm spiniferum Claparéde & Lachmann,
1859, p. 405, pl. 20, f. 4-5.
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Cells large, thecate, globular to broadly ovoid, round in cross
section. Length 33 p, width 29 p. Epitheca conate to sub-~hemi-
spherical, with a short apical horn; hypotheca hemispherical, antapex
slightly truncate. Girdle median, moderately wide and deep, displaced
almost 2 girdle widths (1/4 body length), overlapping 1/2 girdle width;
sulcus narrow and deflected to the left in the intercingular area,
broadening as it descends tc flatten the antapex, basal winged sulcal
list giving appearance of an antapical spine. Flagella, chromatophores
and other internal structures not observed. Thecal plate formula:

3', Oa, 6", 6"', 1p, 1"",
A cosmopelitan inter—oceanic, neritic and estuarine species.

Gales Creek: Present in one preserved plankton tow from June.

Though nermally possessing two or mwore antapical spines, this
species 1s quite variable and the spines may sometimes be reduced or
absent. Presence c¢f chromatophores is mentjomed in some literature,
though detailed studies usually have involved only the empty thecae.

Studies: Cultures -~ Silva (1962b). Bioluminescence - Tett (1971).

Gontaulax ? serippsae Kofoid

(P1. 13, f. 86 a-b)

Geniauvlax serippsae Kefoid, 1911, p. 228, pl. 13, f. 26-27; Schiller,
1937, p. 295, f. 303.

Cells large, thecate, body globtular, ccmpressed dorsiventrally,
elliptical in crose sectlon. Length 27-28 yu, width 23-26 u, thickness
20 u. Epitheca hemispherical, with short apical horn; hypotheca heri-
sphterical with somewhat flattened antapex, no spines present. Girdle
median, wide and moderately deep, displaced 2 1/2 girdle-widths (over
1/3 body length) and overlapping 2 girdle-widths; sulcus absent from
the epitheca, strongly deflected to the left in descending the inter-
cingular region, then broadening onto the hypctheca. Longitudinal flag-
ellum equal to cell length; transverse flagellum and thecal plates not

observed.
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Chrcomatophores 10-15 irregularly elliptical yellow-brown bodies.
Nucleus elliptical, basal, chromocomal bodies visible.

From Atlantic, Pacific and Indian Gceans, Mediterranean and
Caribbean feas.

Gales Creek: Otserved in 3 samples from April and September;
19 to 23%/00 salinitcy.

The tentative placement of the Cales Creek specimens in this
species, without having observed the plate arrangerent, is based on the
similarity to Kofoid's (1911) description of the general shape, girdle
displacement and cverlap, and absence of antapical spines. This and
seven simllar species are coneidered by Taylor (1962) to be a single-
species complex with G. pclygramma Stein the earliest described species

in the group.

Goniaulax longicormi sp. nov.
(Pl. 13, £. 87 a-b; pl. 29, £. 1-2)

Cells large, thecate, broadly elliptical with a very long apical
horn and shorter antapical spines, body slightly compressed dorsi-
ventrally, elliptical in cross section. Length including spines 37-
49 u, width 19-27 u. Epitheca broadly conate, with a long tapering
apical horn around 12 p in length (over 1/2 the maln body length);
hypotheca sub-hemispherical, with an cbliquely truncate antapex bearing
a delicate short left and longer right antapical spine, the latter
around 6 u long. Girdle supra-median, wide and moderately deep, dis-
placed 1 1/2 girdle widths, bearing narrow.lists; sulcus wide and
shallow, straight, extending ontc the épitheca, constricted in the
intercingular region, flattening the antapex. Thecal plates and flag-
ella not observed.

Chromatophores absent. Cytoplasm foamy. Nucleus large, ellip-
tical, central, with elongate chromosomal bedies.

Gales Creek: Present in early spring; 20 to 270/00 salinity;

observed in 4 samples.
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Without being abkle to observe the plate structure, the placerent
of thils organism in Goniaulax is tentative, based on the large girdle
displacement. Geniaulax triacantha Jgrgensen (1899) (see Kofoid, 1911)
is similar in chape and long apical horn, but contains many brown

chromatophores.

? Gowiaulax sp.
(P1. 13, £. 88 a-b)

Cells large, thecate, body elongate-ovold, dorsiventrally com-
pressed with the dorsal surface more cenvex than the ventral. Length
21-38 yu, width 15-22 p. Epitheca conical with ccnvex or stralght
marging tapering towards the rounded apex; hypctheca hemdspherical.

The plate arrangement was not observable but the thecal surface was
sometimes rugose. Girdle slightly supra-median, wide and shallow, dis-
placed 2 girdle widths (1/4 the body length), but with margine very dif-
ficuvlt to discern. Sulcurgs wide, shallow, sigmoid, with otscure margins
extending onto the epitheca, deflected somewhat to the left in the
intercingular area, then proceeding straight to the antapex. Trans-
verse flapellum encircling half the body circumference; longitudinal
flagellum slightly longer than the Lody length.

Chromatophores brown to vellow-borwn, diffuse, filling both
epltheca and hypotheca. Nuclevs large, spherical, central. Red
granules and other bodies sometimes present.

Gales Creek: Present in 2April; observed in 2 samples.

This organism has been tentatively placed in Gomiqular because this
genus contains thecate specles with large girdle displacements. This
form ig in many ways similar to Protodiniuwm simplicius Schiller (1928),
alsc found in the creek during the spring blocm, but which lacks a

theca.
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(Class Haptophyceae)

Tsochrysis aff. galbana Parke
(pl. 14, £. 89)

Isochrysis galbana Parke, 1949, p. 264, text-figs. 24-45, pl. 1,
f. 4-10.

Cells small, slightly metabolic, elongate-elliptical to cylin-
drical, circular to elliptical in cross-section, flattened anteriorly,
rounded posteriorly., Length 9-12yu, width 5~7u. Cell surface smooth.
Flagella two, equal, slightly longer than the body, inserted anteriorly
and extended forward when cell is moving.

Ckromatophores two, yellow-brown, elongate and parietal, laterally
placed. Stigma not observed. Various sized assimilate globules
present.

Described from sea water, England.

Gales Creek: Present im 5 autumn samples; from 24 to 340/00

salinity,

This identification is tentative tecause the Gales Creek speci-
mens were twice the size of Parke's material and apparently lacked an
eyespot,

Bourrelly (1957) feels that the type species of the genus
Wyssotykia created by Lemmermann (1899) from Wissotyky's Ochromonas
biciliata may be synonymous with Isochrysis, but that it is better
to abandon this old name because the genus is poorly known and
incompletely described.

Studies: Excreted carbon--Guillard & Wangersky (1958). Pigments--
Riley & Wilson (1967).
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Parachrysidalis estuariale Hulburt
(pl. 14, f. 90 a-b)

Parachrysidalis estuariale Hulburt, 1965a, p. 88, pl. 1, f. 24-26.

Cells small, strongly compressed, squarish to ovoid in broad
lateral view, reniform in narrow lateral view. Diameter 4-5.5u,
thickness 2.5-3u. Cell surface smooth. Flagella two, equal, length
over 3 times the width of the cell, inserted laterally in the middle
of the concave side of the cell.

Chromatophores two, brownish-yellow, parietal. Small assimilate
granules sometimes present.

Described from marine waters from the Woods Hole area.

Gales Creek: Present from September to December; from 19 to

36%/00 salinity; observed in 10 samples.

The Gales Creek specimens were somewhat smaller than those
described by Hulburt (1965a). This is the type species for the genus,
similar to Erkeniac but with laterally inserted flagella. The figure

for Hulburt's description is mistakenly labelled P. mcrina.

Pryrmesium parvum Carter
{pl. 14, f. 91 a-d, pl. 29, f. 3-5)

Prymmeeium parvum Carter, 1937, p. 40, pl. 3, f. 5-16, pl. B, f. 16;
Hulburt, 1965a, p. 88, pl. 1, f. 1-7.

Cells small, slightly compressed, longer than wide though
varying in shape between ovoid, obovoid, elliptical and eylindrical,
rounded posteriorly; rounded, flattened, or even emarginate anteriorly.
Length 7-12p, width 4-8u. Cell surface sometimes revealing a finely
beaded cover of delicate scales. Flagella two, equal, slightly longer
than the cell, inserted anteriorly but lying back as they undulate,
with a short rigid attachment organ--a haptonema-—-directed anteriorly

between the flagella,
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Chromatophores two, brown to olive in color, elongate and parietal,
often extending the length of the cell., Several refractive assimilate
globules normally present.

Degcribed from brackish water in England.

Gales Creek: Present from March to May and October to December;
from 17 to 350/00 salinity; observed in 14 samples, and several

cultures.

Sore cells were observed to have an inflated posteriority from
which radiated what appeared to be many filiform pseudopodia (pl. 14,
f. 91d; pl. 29, £. 5). Thelr appearance was sorewhat similar to the
radiating basal spines illustrated for Chrysoccampanula epinifera
Fournier (1971}, but they were more numerous and of varying lengths.

Studies: Fine structure--Manton & Leedale (1963). Haptonema~--
Manton (1964a, 1967); Leadbeater (1971). Scale production--Manton
{1964c). Toxin--Saunders (1957); Paster, et al. (1966; Padilla (1970).
Pigments--Riley & Wilson (1967). Excreted carbon--Guillard &
Wangersky (1958). Division cycle--Manton (1964c),

Chrysockromulina ? minor Parke & Manton
(pl. 14, f. 92 a-f; pl. 29, f. 6)

Chrysochromulina minor Parke & Manton, in Parke, Mantom & Clarke, 1955,
p. 594-601, f. 36-44; Manton & Leedale, 1961, p. 520-523 and figs.

Cells wminute, sperical to broadly elliptical or obpyriform,
anteriorly flattened. Diameter 3-6.5p. Cell surface appears smooth.
Flagella two, equal, length between 2 and 3 times cell diameter,
inserted anteriorly with a long attachment organ, or haptonema, equal
to flagella length when fully extended, though sometimes shortened,
coiled, or contracted into a short hook, directed anteriorly while the
flagella lie back and undulate.

Chromatophores two, occasionally single, brownish~yellow to
yellow, parietal, laterally positioned. Leucosin body and other
assimilate granules present posteriorly.

Described from British coastal waters.
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Gales Creek: At magnifications used for counting cells, this
organism was not distinguishable from a slightly larger form tenta-
tively classified as Chryscchromulina kappa Parke & Manton (see
below), so the following data covers both species: Present in all
seasons, with greater abundance in April, October, and November where
a concentration of 590 cells/ml was attained; euryhaline, from 9 to

360/00 salinity; observed in 55 samples.

This species is smaller, has relatively longer flagella and
haptonema, and yellower chromatophores than the cells identified as
Chrysochromuling kappa from the creek. The delicate scales of these
forms are observable only with the electron microscope, but without
such information proper identification in not possible. The Gales
Creek specimens are placed here tentatively on the basis of size and

morphology, but require further examination.

Chrysochromulina ? kappa Parke & Manton
(pl. 14, £. 93 a-b)

Chrysochromilina Kappa Parke & Manton, In Parke, Manton and Clarke,
1955, p. 583-594, f. 1-12; Manton & Leedale, 1961, p. 523-525 and figs.

Cells small, sub-spherical to broadly ellipsoidal, anteriorly
flattened. Diameter 5-7u. Cell surface appears smooth. Two equal
flagella and ome attachment organ, or haptonema, inserted anteriorly;
the flagella 1 1/2 to 2 1/2 times cell diameter in length, the hap-
tonema about equal to the flagella when extended anterjiorly but often
shortened, coiled, or contracted into a small hook.

Chromatophores two, yellow-brown, lateral and parietal, saucer-
shaped. Leucosin body and other assimilate granules present posterior-
1y.

Described from British coastal waters.

Gales Creek: At magnifications used for counting cells, this
organism was not distinguishable from the slightly smaller form tenta-
tively classified as Chrysochromulina minor Parke & Manton {see above)

so the following data covers both species: Gales Creek: Present in
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all seasons, with greater abundance in April, October, and November
where a concentration of 590 cells/ml was attained; eurvhaline, from 9

to 36%/c0 salinity; observed in 55 samples,

The minute scales of Chrysochromulina kappa are observable only
with the electron microscope, a necessity for proper identification.
The smoothness of the cell surface under light microscopy in the Gales
Creek material suggested that larger spined scales, as in the very
similar C. brevifilwr Parke & Manton (Parke, Manton & Clarke, 1955),
were not present, so based on size and morphology these organisms have

been tentatively placed in (. kappa, and await further examinatiom.

Chrysochromulina sp.
(pl. 14, f. 94 a-c)

Cells of moderate size, orbicular to elliptical and sometimes
obpyriform, rounded posteriorly and flattened to emarginate anteriorly.
Diameter 8-14p. Cell surface appears smooth. Two equal flagella,
between 1 1/2 and 2 1/2 times the length of the cell, and one haptonema
slightly shorter than the flagella when fully extended anteriorly but
sometimes contracted into a short hook, inserted in a shallow anterior
depression.

Chromatophores two, sometimes three, yellow-brown, parlietal,
lateral, saucer-shaped. Various assimilate globules present, including
2 large basal leucosin body.

Described from British coastal waters.

Gales Creek: Present in autumn and winter; from 27 to 360/00

salinity; observed in 10 samples.

This organism is similar in form to specimens classified as
Chrysochromulina kappa Parke & Manton (see above), but is twice as
large, with an average cell size between 10-11y in diameter. For
proper identification, the body scales must be observed with an
electron microscope. The occasionally observed shallow anterior
depression in which the flagella are inserted is like that of
Chrysochromuling polylepis Manton & Parke (1962), a similar-sized
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species which, however, is laterally compressed with the two chromato-

phores entirely covering the broad sides of the cell.

Hymenomonas carterqe (Braarud & Fagerland) Braarud
(pl. 14, f. 95; pl. 30, f. 1-2)

Hymenomonas carterae (Braarud & Fagerland) Braarud, 1954, p. 3; emend.
Manton & Peterfi, 1969, p. l4. Syraccsphaera carterae Braarud &
Fagerland, 1946, p. 4, f. a=h. C(ricosphaera carterge (Braarud &
Fagerland) Braarud, 1960, p. 211. Syraccsphaera brandti Schiller

in Carter, 1937, p. 37, text-fig. 3.

Cells moderate in size, ovate to orbicular, covered with small
scales. Cell diameter 12-17u. Scales small elliptical monomorphic
coccoliths of the cricolith type measuring about 1.3u x 2p. Flagella
two, equal, approximately two cell diameters in length.

Chromatophores two, brown, parietal. Various granules present in
the cytoplasm, including endogenously developing cocceoliths and basal
refractive assimilate globules.

Described from brackish water in England; widely distributed,
described only from Inshore waters.

Gales Creek: Present in all seasons but surmer, with higher
frequencies in November and December; from 13 to 340/00 salinity;

observed in 25 samples.

The nature of this species' cricoliths is revealed through
E. M. work by Braarud, Gaarder, Markali & Nordli (1952). Aspidiophora
viridissima Sjdstedt (1924, p. 9, f. 19-26), described from brackish
coastal waters in Sweden, would appear to be a synonymous species
except for its slightly smaller coccoliths, 1y x 1.5y in size. If
this is within the range of variability of Hymenomonas carterae scales,
then Sjostedt's name would take priority, since his description
predates all others.

Hymenomonas carterae also has a nen-motile sedentary phase which
exhibits a range of forms including Chrysomema-, Gloeochrysis-, Apis-

tonema- and Chrysotila-like stages (Parke, 1961). There is an
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alternation of chromosomal generations which corresponds to the morpho-
logical alternation, the motile phase being diplold and the non-motile
phase hapleoid (Rayns, 1962}.

Other studies: Scale formation--Pienaar (196%a, 1969b); Manton &
Leedale (1969). Haptonema--Leadbeater (1971). Pigments—-Parsons
{1961). Growth--Braarud (1961).

Hymenomenas roseola Stein
(pl. 14, f£. 96 a-b; pl. 30, f. 3-4)

Hymenomonas roseola Stein, 1878, pl. 14, f. 1-3; Pascher & Lemmermann,
1913, p. 49, f. 77; Shiller, 1930, p. 237-241, €. 2, 25, 92, 116. 119;
Huber~Pestalozzi, 1941, p. 152, f. 209.

Cells moderate in size, laterally compressed, variable in shape
from narrowly and broadly elliptical to cordiform, rounded posteriorly,
rcunded, truncate or emarginate anteriorly; body enveloped by a deli-
cate gelatinous envelope imbedded with very small difficult to
observe oval coccoliths. Cell length 16-17p, width 15-16p, thickness
9u. Flagella twe, equal, somewhat longer than the cell, inserted in
a shallow anterior depressioen.

Chromatophores two, yellow-brown, large and parietal. A few
refractive globules and smaller assimilate granules present, usually
posteriorly.

Fresh and brackish waters, Europe.

Gales Creek: Present in April and the end of autum: 27 to

32°% /60 salinity; observed in 4 samples.

Studies: Cocecolithg--Braarud (1954). Fine structure--Manton &
Peterfi (1969).

In November some smaller, more narrowly elliptical cells,
measuring 10w x 7u, were observed with some form of barely discernable
scales in a thin gelatinous envelope. Though smaller than the minimum

size reported by Pascher & Lemmermann (1913) for H. rosecla, the form of
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these specimens, as shown in pl. 14, f. 96e¢-d and pl. 29, f. 7, suggests
some affinity to this species, so they tentatively have been included

here.

(Class Chrysophvyceae)

Ochromonas cf. nannos Skuja
(pl- 15’ fo g? a—b)

Ochromonas nammoe Skuja, 1939; Huber-Pestalozzi, 1941, p. 168, f. 223A.

Cells small, elliptical to somewhat lemon-shaped, unsymmetrical,
obliquely emarginate anteriorly, rounded posteriorly, dorsal surface
more convex than the ventral. Length 5-10u, width 4~9u. Cell surface
smooth. Flagella two, unequal, inserted in the slight anterior
depression; the longer flagellum between 1 and 2 times body length,
the shorter flagellum less than half the body length.

Chromatophore single, greenish-yellow to brovmish-yellow, bowl-
shaped, lying mostly against the dorsal side, bearing a pyrenoid-like
bulge on its inner surface. Stigma absent. Various sized assimilate
bodies present posteriorly.

Deseribed from Latvia.

Gales Creek: Observed in one November sample and three cultures

from spring innocula; 240/00 salinity.

Ochromonas cf. variabilis H. Meyer
(pl. 15, f. 98 a-d)
Ochromovas variabilis H. Meyer, 1897; Pascher & Lemmermann, 1913, p. 55,
f. 88; Huber-Pestalozzi, 1941, p. 174, f. 239.

Cells small, slightly metabolic, spherical to broadly ellipsoid,
slightly emarginate anteriorly, rounded posteriorly. Diameter 5.5-~11y.

Cell surface smooth. Flagella two, unequal, inserted im the anterior
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depression; the longer flagellum 1 1/2 to 2 times the cell diameter,
the shorter about 1/3 cell diameter.

Chromatophores two, irregularly saucer-shaped, often parietal,
yellow-brown. Stigma absent. Assimilate globules normally present
posteriorly.

Described from a Swiss lake.

Gales Creek: Observed in 3 autumn samples and one culture from a

March inncculum; 29 to 320/00 salinity.

Ochromenas caroliniana sp. nov.
(pl. 15, £. 99 a-c¢; pl. 30, f. 9-12)

Cells moderate in size, metabolic, elliptical to pyriform, rounded
posteriorly and obliquely truncated anteriorly. Length 11-20y,
width 8-11y, Cell surface smooth. Flagella two, unequal, inserted in
a shallow depression in the middle of the truncate cell anteriority;
the longer flagellum 1 to 1 1/2 times body length, the shorter 1/4 to
1/5 body length.

Chromatophore single, yellow to yellow-brown, band-shaped with
curled lateral margins and irregular anterior and posterior margins,
centered in the anterior portion of the cell. Stigma small, orange,
associated with the anterior end of the chromatophore near the flagellar
bases. A large basal body of leucosin and smaller refractive assimilate
bodies present.

Gales Creek: Observed in 11 samples from spring and autumn, and

2 cultures from March innocula; freom 13 to 320/00 salinity.

The smooth periplast, single small chromatophore with assoclated
stigma, and rounded posteriority easily distinguishes this species from

similar-sized ochromonads.

Ochromonas sp.
{(pl. 15, f. 100 a-b)

Cells small, body sub-globose, truncate anteriorly. Diameter

1llu. Body contained in a thin refractive pellicle embedded with
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innumerable small scales appearing as hyaline punctae in surface view.
Flagella two, one longer than the beody, the other finer and about 1/3
body length, both inserted in a shallow anterior depression.

Chromatophores yellow-brown, covering most of the cell periphery,
apparently 2 or 3 in number. Stigma large, red, elliptical, associated
with the anterior end of one of the chromatophores. Assimilate bodies
not ohserved.

Gales Creek: Observed in one sample from November.

Whether there were three single chromatophores or one or two
lobed chromatophores was difficult to determine. The refractive and
punctate nature of the cell surface in this organism was not due to
the presence of many small peripheral fat vacuoles as in Ochromonas
perlata Dofleln, or to warty pustulous structures on the surface
found in 0. crenata Klebks, 0. verruccsa Skuja, and O. pinguis Conrad.
The only species with a similar periplast, 0. nasuta Skvortzow,
differs in {its normally obovoid to cordiform shape and absence of a

stigma. (See Huber-Pestalozzi, 1941, for these species).

Monochrysis lutheri Droop
(pl. 15, f. 101 a-c)

Monochrysis lutheri Droop, 1953, p. 34, f. 14-16.

Cells small, sub-triangular to irregularly discoid, strongly
compressed dorsiventrally. Length 5u, width 4u, thickness 2.5u.
Cell surface smooth. Flagella two, unequal, inserted in the middle of
the concave ventral surface; the longer flagellum 1 to 1 1/2 times
body length, easy to observe, normally lying in an arc or sigmoid
curve, the shorter flagellum very fine and difficult to see, shorter
than body length.

Chromatophores two, olive green, lateral. Stigma large, pale
orange, granular, assoclated with one of the chromatophores near the
flagellar bases. Two conspicucus refractive assimilate bodies often

present posteriorly.
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The species is described from salt pools in Finland from 2 to

330/00 salinity.

Gales Creek: Observed in cultures from an autumn innecculum.

Though originally placed in the Chromulinaceae, the systematic
position of this species is uncertain because of its possession of a
second short flagellum and, according to Parke & Dixon (1968), an at-
taching organ which may be structurally similar to the haptothrix in
Pavliova gyrans Butcher (see below).

Studies: Pigments - Parsons (1961); Riley & Wilson (1967).
Excreted carbon - Guillard & Wangersky (1958). Vitamin requirements -
Provascli (1963),

Pavlova gyrans var. gimplex var. nov.
(P1. 15, f. 102 a-f; pl. 30, f. 5-8)

Pavlova gyrans Butcher, 1952, p. 183, pl. 2, f. 35-38; Green, 1967,
p. 302,

Cells small, metabolic, assuming a variety of shapes including
spherical, pyriform, obovoid, ellipsoidal and cylindrical, but normally
ovold and compressed, ventral surface flattened, obliquely truncate
anteriorly and narrowly elongated and rounded posteriorly. Length
5-10-(13) u, width 3-6 u. Cell surface smooth. Flagella two, unequal,
inserted anterior-ventrally; the longer flagellur almost twice body
lenght, easy to otserve, normally lying forward in a series of sharp
sigmoid curves, the shorter flagellum finer and difficult to cbserve,
equal to the width of the cell and normally directed out from the beody.
A loung fine attaching organ, or haptothrix, was observed trailing be-
hind a few specimens.

Chrematophore single, yellow-brown, parietal, extending over all
surfaces but the ventral, though not reaching the anterior or posterior
ends of the cell. Stigma orange-red, associated with the anterior
portion of the chromatophore near the flagellar bases. Many small re-
fractive assimilate bodies present posteriorly.

The species is described from England.
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Gales Creek: Presence In spring and autumn with high frequency in
April and November; euryhaline, from 2 to 330/00 salinicy; observed in

42 samples.

The shape and size of this organism is that of Butcher's species,
but the varietal status is based on the presence of only one chrom-
atophore instead of two, and the definite attachment of the stigma to

the anterior tip of the chromatophore.

Paviova hommersandii sp. nov.
(P1. 15, f. 103 a-c; pl. 31, £. 1-2)

Cells small, slightly metabolic, elongate-ellipsoidal to fusiform,
slightly compressed dorsiventrally, truncate anteriorly in ventral view,
narrowly rounded posteriorly. Length 8,5-10 n, width 4-5 u. Surface of
cell smooth. Flagella two, unequal, inserted in a V-shaped anterior-
ventral groove about 1/5 the cell length from the apex; the longer
flagellur 2 1/2 times the cell length, normally projected forward in a
series of sharp sigmoid curves, the shorter flagellum finer and diffi-
cult to observe, about 1/2 cell length, straight and projecting out from
the body. The ventral groove is broad and shallow at the anterior end
and narrows down to a point in the anterior third of the cell.

Chromatophores appear to be two, yellow-brown, lateral, elongate
but not extending to the base or apex of the cell. Stigma absent. Sev-
eral large and many small refractive assimilate granules present
posteriorly.

Gales Creek: CObserved in three November samples from 32°/00.

The flagellar form and insertion are as in Pavlova gyrans Butcher
(1952), the type species for the genus, but distinguishing features are
the V-shaped anterior-ventral groove, longer anterior flagellum, and

absence of a stigma.

Dinobryon sertularia Ehrenberg
(p1. 15, f. 104 a-b)
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Dinobryon eertularia Ehrenberg, 1835, p. 280; Pascher & Lermermann,
1913, p. 72, £. 114; Alhstrom, 1937, p. 149, pl. 2, f. 1-16; Prescott,
1962, p. 378, pl. 98, . 10; Whitford & Schumacher, 1969, p. 98, pl. 44,
£. 25.

Cells medium sized, loricate, solitary or forring small colonies.
Cells within loricas obovoid to ellipitcal, 10-16 u long, 6.5-B uy wide.
Lorica elongate-campanulate with smooth lateral margins, a blunt-
pointed acute posterior, a swollen central portion, a slightly narrower
anterior region, and a wide flaring mouth. Lorica length 30-35 p,
width 7=-10 u. Flagella two, unequal, inserted apically, one very short
and the other almost as long as the lorica.

Chromatophores two, yellow-brown, elongate parietal plates. An
anterior orange stigma and posterior leucosin globule present.

Common in the plankton of hard water lakes.,

Gales Creek: Present in two February samples; oligohaline, from 0
to 3.5%/00 salinity, introduced into the estuary with the fresh-water

runoff.
Studies: Fine structure - Wujek (1969).

Chrysodidymuis gracilis Prowse
(P1. 15, f. 105 a-b)

Chrysodidymus gracilis Prowse, 1962, p. 128, pl. 4, f. m.

Cells large, covered with scales, body round in cross section,
narrowly truncate anteriorly, rounded posteriorly. Length 32 y,
width 13 p., Flagella twe, unequal but both longer than the body,
heterodynamic, the shorter flagellum straight and the longer undulating,
inserted in a shallow anterior depression. Body covered with moderately
large scales whose anterior margins appear to overlap the scales
adiacently above.

Chromatophores two (?), yellow-brown, parietal, extending to both
ends of the cell. Few assimilate granuies present,

Described from acid swamps in Malaya.
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Gales Creek: Present in one July sample at 270/00 salinity,

The imbricate appearance of the scales may be due to the presence
of a short anterior spine on each scale as is found in species of
Synura. Prowse's (1962) description of this species was of bi-celled

colonies, the two cells joined basally with apices 180° apart.

Mallomoropsis elliptica Matwienko
(P1. 16, f. 106 a-b; pl. 31, f. 3-5)

Mallomonopsis elliptica Matwienko, 1941, p. 42, f. 2; 1954, p. 153,
pl. 47, f. 4-7; Ettl, 1960, p. 511, pl. 80, f. h-j; Harris, 1966,
p. 176, £. 1-6, pl. 1, f. 1-6.

Cells large, covered with spine-bearing scales, body narrowly
obovoid, round in cross section, somewhat obliquely flattened anterior-
ly, acutely rounded posteriorly. Length 30 p, width 15 u. Flagella
two, sub-equal, as long as the body, one straight and the other undu-
lating, inserted in a shallow anterior depression. Body covered with
large flat sub-circular imbricated scales, each 3 p in diameter and
bearing a long thin 5-10 u spine projecting away from the body.

Chromatophore appears to be single, yellow-brown, parietal and ex-
tensive, absent only from the posterior tip of the cell. Stigma
absent.

Ivory Coast; Czechoslovakia; England, fresh water ponds.

Gales Creek: Present in one November sample from 320/00 salinity.

The general form of this specles is similar to Mgllomonas caudata
Iwanoff and Mallomonas mirabilis Conrad (see Huber-Pestalozzi, 1941),
but is smaller, has two flagella and shorter spines.

Belcher (1969) has observed the presence of a very slender reduced
second flagellum in two species of Mallomonas. This discovery would
confine the genus Mallomonopsis to those species with a robust second
flagellum approaching the first in thickness. Belcher does not con-
sider this a strong enough generic character, for he proposes that the

newer genus Millomonocpsis be drepped.
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Synura wwella Ehrenberg
(P1. 16, f. 107 a-b; pl. 31, f. 6)

Synura wvella Ehrenberg, 1838, p. 60, pl. 13, f. 9; Pascher &
Lemmermann, 1913, p. 50, f. 78; Conrad, 1926, p. 202-212, £. 17-23;
Prescott, 1962, p. 376, pl. 92, f. 6-7; Whittord & Schuracher, 1969,
p. 100, pl. 44, f£. 37.

Cells in gpherical colonies, individual cells moderate in size,
covered with spine-bearing scales, oboid to cbpyriform, rounded
anteriorly and attenuated posteriorly to join at a common center with
the other radiating cells of the colony. Individual cell length 20 u,
width 12 p; colony diameter 40 u, composed of around 15 cells. Flag-
ella two, unequal, the longer equal to cell length, the shorter about
3/4 this length, inserted anteriorly.

Chromatophores two, vellow-brown, elengate and parietal. Red
granules sometimes present in the antericer portion cf the cells near
the flagellar bases.

Cosmopolitan fresh water species,

Gales Creek: Present in 4 spring samples; oligohaline, from 0
to 10/00 salinity, introduced into the estuary during heavy fresh-

water runcff.
Studies: Phototaxis - Bendix (19%60).

Chromulina sp.
(P1. 16, £. 108)

Cells large, somewhat metabolic, elongate-obpyriform with nar-
rowly rounded posterior and emarginate anterior. Length 25p, width 13y,
Surface of cell smooth. Flagellum single, about equal to cell length,
inserted in the shallow anterior depression.

Chromatophore appearing to be slingle, large, parietal, extending
the length of the cell, greenish yellow-brown in color. Stigma large,
orange, at the anterior end of the chromatophore. Many small dark

granules present In the central cytoplasm.
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Gales Creek: Present in one fresh water surface sample in July.

This organism most nearly resembles Chromulina wrophora Skuja
(1948) which is, however, a somewhat larger organism with a smaller
stigma and two definite chromatophores that are very thin and broadly
V-shaped in cross section. Crysoglena verrucosa Wislouch (see Huber-
Pestalozzi, 1941) is similar in shape, and slightly larger in size, but
alsc possesses 2 chromatophores, and the body is covered by a periplast
embedded with small scales, giving the cell a warty appearance. Proper
determination of the Gales Creek organism awaits its further

observation.

Pgeudoredinella pyriforme Carter
(P1l. 16, f. 109 a-b; pl. 31, f. 7-9)

Pseudopedinella pyriforme Carter, 1937, p. 34, pl. 6, f. 23-31;
Conrad & Kufferath, 1954, p. 171; Hulburt, 1965a, p. 87, pl. 1,
f. 17-21.

Cells small, short-cylindrical to depressed-globose, with truncate
lobed apex and antapex, circular to six-lobed in end view. Length and
width usually equal, 6.5-9 u. Flagellum single, 3 times the length of
the cell, inserted in the center of the anterior depression, moving in
a series of sigmoid curves. A trailing rhizopod, variable in form,
often emerging from the center of the deeper posterior cavity, some-
times attenuated to a length many times that of the cell, often bearing
a series of small inflations.

Chromatophores 6, yellow-brown, slightly reniform, peripheral,
parallel to the apical axis, producing lateral lobes in the cell
outline.

Brackish water organism from England, Belgium, Woods Hele.

Gales Creek: Present from all seasons with greater frequency in
winter and spring; euryhaline, from 6 to 33°/oo salinity; observed in

25 samples.
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This species is easily recognized by its pistol-revolver-chamber
appearance. According to Swale (1969), it differs from members of the
very similar genus Pedinella by the absence of a ring of anterior
tentacles and posterior trailing attachment organ (peduncle).

Studies: Pigments of an unidentified Pseudopedinella species

have been examined by Riley & Segar (1969),

Apedinella radiane (Lohmann) comb. nov.
(P1. 16, f. 110 a-b)

Apedinella spinifera (Throndsen) Throndsen, 1971, p. 61, f. 1-32.
Pgseudopedinella spinifera Throndsen, 1969, p. 175, f. 10, 12a-b.
Meringecsphaera radiane Lohmann, 1908, p. 256, pl. 16, f. 36; Schiller,
1916, p. 206; Wulff, 1919, p. 103; Pascher, 1939, p. 548, f. 402.

Cells small, broader than long, appearing finely loricate, de-
pressed-cordiform in lateral view, circular to 6-lobed in apical view,
emarginate anteriorly, rounded postericrly. Length 5-7 u, diameter
6.5-9 u. Six needle-spined scales, 15 u long, borme laterally between
the lobes, lying straight back when cell is motile, or at times ex-—
tending radially outward when cell is at rest. Flagellum single, 2
times the cell length, inserted in the anterior depression.

Chromatophores 6, soretimes 5, yellow-brown, ovoid, peripheral,
producing lobes in the cell outline.

Has been observed in European waters and from both coasts of the
United States.

Gaies Creek: Present in winter and spring; euryhaline, from 3.5

to 290/00 salinity; observed in 15 samples,

Shiller (1916) and Wulff (1919) both expressed doubts as to
Lohmann's placement of the non-flagellated cells he observed in
Meringosphaera, a genus of bristled coccoid xanthophytes. When flagel-
lated cells are observed, the similarity of this six-chromatophored six-
lobed organism to Pseudopedinella pyriforme Carter (1937) is readily
apparent. Throndsen (1969) first placed this organism in Pseudopedin-
ella, but then (1971) transferred it to a new genus, Apedinella, on the

basis of the absence of a posterior trailing pseudopodium of the
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Peeudopedinella type, Lohmann's older specific epithet, however, must
take precedence over Throndsen's name for this distinctive crganism.
Electron photomicrographs by Throndsen show the long spined scales
to have triangular bases oriented obliquely to the spine axis, and also
reveal the finely loricate appearance of the cells to be due to a
multilayered covering of smaller flattened elliptical scales over the

entire body.

Calycomonas wulffii Conrad & Kufferath
(Pl. 16, f. 111)

Calycomonae wulffii Conrad & Kufferath, 1954, p. 183, pl. 5, f. 3a-b;
Lund, 1959, p. 427, pl. 87, f. 14-17. (. gracilis Lohmann in Wulff,
1919, p. 110, pl. 2, f. 19a-b. (. gracilis (Lohmann) Wulff in Hulburt,
1965a, p. 94, pl. 2, £. la-16.

Cells small, loricate; lorica somewhat thimble shaped, with a
broadly conical base joining a cylindrical upper portion which tapers
somewhat to the wide anterior opening, walls moderately thick, orange-
brown, bearing 3 or 4 annular markings. Average length 4.5y, width
3.0-4 u. Protoplast within the lorica difficult to observe, possessing
a single anterior flagellum equal to lorica length. Chromatophores
absent,

Belgium; Woods Hole area.

Gales Creek: Present in Octcber and November, also April 1967;

Polyhaline, from 23 to 330/00 salinity; observed in 18 samples.

Lohmann (1908) illustrates (in Fig. 13a-d of plate 17) three dif-
ferent species under the name Calycomonas gracilis. Van Goor (1925),
Conrad & Kufferath (1954) and Lund (1959) conslider the first illustra-
tion, F. 13a, as the type for (. gracilis, but Wulff (1919) based his
¢. gracilie on F. 13b and d, so this form has been renamed C. wulffi:
by Conrad & Kufferath (1954). Conrad (1938) considered specimens he
observed to be the same as F. 13b, d for which he erected the name
Codonomonas van goori, but this form has a longer top, thinner walls,
and many more annular markings than C. wulffi<. Lund (1959) feels that

the variation within Calycomonas is large encugh not to justify



200

erecting a second genus, and transfers Conrad's form back to the older
genus, but keeps (. wulffii as a separate species, recognizing that it

may possibly be a variety of Calycomonas van goori (Conrad) Lund.

Calycomonas ovalis Wulff
(P1. 16, £. 112 a-b; pl. 31, f. 10-12)

Calycomonas ovalis Wulff, 1919, p. 111, pl. 2, f. 20a-b; Conrad &
Kufferath, 1954, p. 183, pl. 5, f. 2; Lund, 1959, p. 427, pl. 87,
f. 20-23.

Cells small, loricate; lorica oveid, with a narrow anterior opening;
lerica wall moderately thick, orange-brown, bearing 5-6 annular thick-
enings at a slightly oblique angle, lorica in end view with 5 broad
lobes. Length 4.5-5 p, width 3.5-4 u. Flagellum not observed. Proto-
plast may extend filiform pseudopodia out the lorica orifice.
Chromatophores absent.

Barents Sea; North Sea; Belgium.

Gales Creek: Present in summer and autumn, with high frequencies
from August to November and densities reaching 63 cells/ml in QOctober;

euryhaline, from 0 to 310/00 salinity; observed in 81 samples.

This species is very similar in form to Calycomonas graeiiis
Lohmann sgensu Conrad & Kufferath, (1954) and Lund (1959), but differs in
having broad annular thickenings rather than narrow irregularly
thickened ridge-like bands around the lorica.

Lund (1959) considers these uniflagellate monads to be chryso-
phycean algae which are colorless parallels to Kephyrion and closely

allied to biflagellated Pseudokephyrion.

Ebria tripartita (Schumann) Lemmermann
(P1l. 16, £. 113; pl. 31, f. 13-15)

Ebria tripartita (Schumann) Lemmermann, 1903, p. 32, f. 108;
Gemeinhardt, 1930, p. 79, f. 66. ODietyocha tripartita Schumann, 1867,
p. 67, pl. 1, f. 28.
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Cells large, circular in breoad lateral view, planoconvex in narrow
lateral view, ccntaining an elaborate silicified endoskeletin cf the
same general shape. Average diameter in broad lateral view 30p. Endo-
skeletin of two convex mirror-image sides, each in broad lateral view
composed of three skeletal arms extending radially from the center which
then bifurcate into narrower shorter arms and join a marginal skeletal
ring, discontinucus between two of the bifurcations, bearing many short
blunt teeth. Flagella absent from observed cells.

Chromatophores absent. Cytoplasm granular, normally containing a
large brown spherical assimilate body.

Cosmopolitan organism, living and fossil, in the Atlantic Qcean
from the North Sea to Brazil and also the Caribbean and Culf of Mexico.

Gales Creek: present in April and the latter half of autumm; 18

to 33° /o0 salinity; observed in 21 samples.

At division the two convex sides of the endoskeletin apparently

separate, with one going to each daughter cell.

[Rhizopoda]

Paulinella chromatophora Lauterborn
(P1. 16, f. 114 a-b)

Paulinella ckromatophora Lauterborn, 1895, p. 543, pl. 30, f. 1-7;
Lackey, 1936, p. 493, pl. 1, f. 1; Skuja, 1948, p. 383.

Cells of moderate size, loricate; the lorica oveid with a narrow
anterior opening, lorica wall thick but clear, bearing 5 sets of elon-
gate hexagonal plates arranged in 9 alternating transverse rows, lorica
in end view with 5 broad lobes. Length 16-20 yu, wideh 12-16 p.

Flagella absent.

Chromatophores two, occasionally single, very blue, arcuate with
rounded ends, curved about each other. Cytoplasm clear, not filling the
lorica, Two contractile vacuoles present, one central, the other more
anteriorly placed. Several long filiform pseudopods normally extend out

the anterior opening and move slowly.
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Fresh water, from Sweden, N.J., Ala., Miss.
Gales Creek: Present in March and from September to December;

polyhaline, from 20 to 32°/o0 salinity; observed in 8 samples.

This organism appears to be comprised of a symbiotic blue-green
alga living within a loricate rhizopod.

(Class Xanthophyceae)

Nephrochloris salina Carter
(P1. 17, £. 115 a-b; pl. 32, f. 1-2)

Nephroehloris salina Carter, 1937, p. 16, pl. 2, f. 10-22; Pascher,
1939, p. 1058, f. 903; Hulburt, 1965a, p. 88, pl. 1, f. B8-16;
Throndsen, 1969, p. 178, f. 15 a-c.

Cells small, elongate-elliptical, dorsiventrally compressed,
dorsal surface convex and ventral surface flattened. Length 6-10 y,
width 5-7 p, thickness 4u. Cell surface smooth. Flagella two, unequal,
inserted anterior-ventrally; the longer flagellun twice body length,
easy to observe, normally lying forward in a series of sharp sigmoid
curves, the short flagellum finer and difficult to see, equal to the
width of the cell and normally directed out from the body.

Chromatophores two, yellow, lateral and parietal, covering all but
the ventral side and anterior portion of the cell. Two bluish re-
fractive discoid granules present in tandum in the middle of the cell.

Brackish water in England, Belgium, Norway, Woods Hole area.

Gales Creek: Present in spring and November, with high frequency
and abundance in April reaching 69 cells/ml densities; euryhaline, from

6 to 33°/00 salinity; observed in 28 samples.

The systematic position of this species is uncertain and requires
reinvestigation, as does Nephrochloris incertaGeitler & Gimesi
(Geitler, 1925), the type species for the genus which 1s described as
having but one flagellum. Carter (1937) suggests that the second flag-

ellum may have been overlooked, for other similarities to her species
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were striking to her: the yellow chromatophore and the 1-2 strongly
refractive assimilate bodies.

Throndsen (1969) has observed in this species a very short
haptonema inserted with the flagella which is hardly detectable with
the light microscope. The configuration of flagella and haptonema

suggests a possible kinship with Favlovg in the Chrysophyceae.

Olisthodiseus carterae Hulburt

(Pl. 17, £f. 116 a-c)
Olisthodiscus carterge Hulburt, 1965a, p. 90, pl. 2, f. 8-13.

Cells mederate in size, generally ovoid though varying from sub-
spherical to pyriform, the dorsal margin more convex than the ventral
margin in lateral view, the outline of the cell sometimes irregular.
Length 10~19 v, width 9-14 p. Flagella two, unequal, heterocdynamic,
the longer extended forward and undulating, the other trailing, both
somewhat longer than body length, inserted anterior-ventrally.

Chromatophores 7 to 15, golden brown, irregularly discoid and
peripheral. No assimilate granules observed.

Described from brackish waters near Wecods Hole.

Gales Creek: Present in April and from June to August; from 12 to
260/00 salinity; observed in 10 samples. Also abundant in 6 samples

collected in April, 1967, with densities up to 5,770 cells/ml.

The distinguishing features separating this species from similar-
sized Olisthodiscus luteus Carter (1937) are the lack of any marked
dorsiventral flattening of the body, nc concavity of the ventral sur-
face in end-on view, and the absence of numerous dark peripheral gran-
ules. The Gales Creek material extends upwards by 50% the maximum size
of 0, cartarae given by Hulburt. This organism is very similar to M.
Parke's Olisthodiscus culture #12a, which also does not possess the
marked dorsiventral flattening of (. Zuteus.

Primarily because of the yellow chromatophores in her material,
Carter placed C. luteue, the type species, in the Xanthophyceae.

Leadbeater (1969) considers the evidence he has accumulated in studying
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this species sufficient to justify the transfer, at least temporarily,
of Olisthodiscus to the Chrysophyceae.

Oligsthodiscus carterae var. clivaceus var. nov.

(P1. 17, f. 117 a-e; pl. 32, £f. 3)
Olisthodiscus carterge Bulburt, 1965a, p. 90, pl. 2, f. 8-13.

Cells small, elliptical to ovoid, fusiform or spherical, the dorsal
margin normally more convex than the ventral margin in lateral view,
the outline of the cell often irregular. Length 8-16u, width 6-124y.
Flagella two, sub-equal, heterodynamic, the longer extended forward and
assuming a series of sigmoid curves when at rest, the shorter flagellurm
straight and trailing, both somewhat longer than the cell, inserted
ventrally in a small groove 1/4 to 1/3 the cell length from the anter-
ior end.

Chromatophores 4 to 11, clive green, irregularly discoid, peri-
pheral. Assimilate granules rarely observed.

Gales Creek: Present from June to October with dense concentra-
tions in August and September reaching 81,000 cells/ml; euryhaline,
from 0 to 260/00 salinity, with highest concentrations in low salinity

waters; observed in 46 samples.

These cells differ from Olisthodiscus carterae primarily in the
distinct olive green color of the normally fewer chromatophores.
Cells assigned to C. carterqe were also present in some of the same
samples, Their golden-brown chromatophores were markedly different
fror the olive greem of these cells, and no color intergrades were
observed between these two forms, It is on these observations that

the erection of this variety of 0. carterae 1s based.

Olisthodiscus magnus Hulburt
(pl. 17, f. 118)

Oligthodiscus magnus Hulburt, 1965a, p. 90, pl. 2, f. 17-28.
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Cells large, obovoid, slightly compressed dorsiventrally, cell
outline somewhat irregular. Length 27y, width 22uy. Flagella two,
sub-equal, somewhat longer than the cell, heterodynamic; one extended
forward in a series of curves, the other straight and trailing, both
inserted ventrally in a shallow groove a short distance from the
anterioer end.

Chromatophores nurerous, irregularly disceoid, brown, peripheral.
Assimilate granules not observed.

Described from brackish water near Woods Hole, Mass,

Gales Creek: Present in two samples from January and Cctober;

190/00 salinity.
Hulburt (1965a) distinguishes this species from €. Iluteus Carter

(1937) and G. carterae Hulburt (1965a) on the basis of its much larger

size, which he reports as 30 to 48u in length.

{Class Raphidophyceae)

Merotrichia capitata Skuja
(pl. 17, £. 119; pl. 32, f. 4)

Merotrichia capitata Skuja, 1934, p. 33, f. 12; Huber-Pestalozzi,
1950, p. 89, f. 71; Skuja, 1956, p. 342, pl. 59, f. 16-19; Whitford &
Schumacher, 1969, p. 125, pl. 59, f. 36.

Cells large, elliptical to ovoid, anterior end broadly rounded in
dorsal view, obliquely truncate in lateral view, posterior end acutely
rounded. TLength 34p, width 18u. Cell surface smooth. Flagella two,
unequal and heterodynamic, the anteriorly directed flagellum undulate,
shorter than the cell length, the posteriorly trailing flagellum
straight, somewhat longer than the cell; inserted anterior-ventrally
at the mouth of a large cytopharynx.

Chromatophores many, green, Iirregularly elliptical, peripheral.
Long needle-like trichocysts present peripherally only in the anterior

portion of the cell, perpendicular to the periplast. Nucleus very
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large, spherical, central, lying posteriorly to the cytopharynx.

A widespread fresh water species.

Gales Creek: Present in two samples from March and July;
oligohaline, from 0 to 1°/00 salinity, introduced into the estuary

with heavy fresh water runoff.

Vacuolaria virescens Cienkowski
{(pl. 17, £. 120)

Vacuolaria virescens Cienkowski, 1870, p. 426, pl. 24, f£. 19-20;
Pascher & Lemmermann, 1913, p. 177, f. 379; Huber-Pestalozzi, 1950,
p. 81, f. 64; Skuja, 1956, p. 339, pl. 59, f. 1-2.

Cells large, elliptical to oveoid, broadly rounded posteriorly,
more narrowly rounded anteriorly. Length 29-33p, width 17-25u.
Cell surface smooth. Flagella two, sub-equal and heterodynamic,
inserted anteriorly, the straight flagellum slightly shorter than
body length, the longer flagellum undulating in a series of coils.

Chromatophores many, ellipsoidal, green, densely filling the
periphery of the cell and obscuring internal detail. Trichocysts
absent.

A widespread fresh water species.

Gales Creek: Present in three samples from February and July;
oligohaline, from C to 10/00 salinity, introduced with heavy fresh

water runoff into the estuary.

A study of the plastid pigments of this specles by Chapman &
Haxo(1966) has revealed the presence of the same carotenoids found
in the Xanthophyceae, and no detectable presence of any green plant
xanthophylls, which strongly suggests, as does their flagellar
arrangement, that the chloromonads are allied with the Xanthophyceae
and not the green algal groups.

Other studies: Fine structure——Schnepf & Koch (1966); Koch &
Schnepf (1967).
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(Class Euglenophyceae)

Eutreptia cf. viridis Perty
(pl. 17, £. a-d; pl. 32, f. 5-6)

Eutreptia viridis Perty, 1852, p. 168, pl. 9, f. la, c; Dangeard, 1901,
p. 199, f. 24; Pringsheim, 1953, p. 150, 154, f. 1-3; Huber-Pestalozzi,
1955, p. 397, pl. 81, f. 863; Butcher, 1961, p. 3, pl. 1, f. 6,

pl. 3, f. 8; Whitford & Schumacher, 1969, p. 86, pl. 44, f. 5.

Cells very large, metabolic, variable in shape but often clavate
or fusiform, when fully extended the anterior end is narrowed and
truncate, the posterior end narrowly attenuated. Length 40-70y,
width 5-10u. Periplast elastic, obliquely striated. Flagella two,
sub-equal, shorter than the cell length, arising anteriorly from the
short and somewhat obliquely positioned canal from the reservoir.
Locometion by euglenocid movement and swimmring.

Chloroplasts around 20, elliptical, green, scattered, though
sometimes appearing to be grouped around a clustered mass of paramylum
bodies anterior to the center of the cell. Paramylum bodies small,
elongate-elliptical. Stigma prominent, red, granular, adjacent to the
reservoir. Nucleus large, spherical, sub-central.

Common widely distributed species, especially in saline ditches.

Gales Creek: At nmagnifications used for cell counting it was
difficult to distinguish between these specimens and those classified
as Futreptia lanowii Steuer, described below, so the following data
includes both these forms, and where flagella were absent, possibly
Euglena proxima Dangeard (see below) as well: Present in all months
but May, with concentrations reaching 60 cells/ml in August; eury-

haline, from 0 to 350/00 salinity; observed in B6 samples.

This organism was larger than specimens classified as F. lanowii
Steuer (see below) and bore a definitely striated pellicle, but in
enly a few individuals was any clustering of the chromatophores around
a central bedy observed, and in none of the cells was this body clearly

a plastidome. Pringsheim (1953) suggests that, though this character
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is found In healthy cells of E. viridis, the scattering of chromato-
phores aroung the cell which also occurs may be the result of aging.
The chloroplasts from the Gales Creek material were not as elongate
as 1llustrated by Butcher (1961), being more like those shown in
Pringsheim's fig. 2.

Eutreptia cf. lancwii Steuer
(pi. 17, £. 122 a-g; pl. 32, f. 7-9)

Eutreptia lancwii Steuer, 1904, p. 126-137, f. 1-3; Schiller, 1925,
p. 95, pl. 3, f. 19; Huber-Pestalozzi, 1955, p. 398, pl. 81, £. 866;
Butcher, 1961, p. 4.

Cells large, very metabolic, varying from clavate to elongate-
cylindrical when fully extended, acute posteriorly and rounded to,
when extended, narrowed and truncate anteriorly. Free swimming
clavate cells 14-20p long and 5-10u wide; metabolically moving cells
fully extended 40-50u long and 4=5p wide. No periplast striations
observed. Flagella two, sub-equal, arising anteriorly from a barely
perceptible canal; the longer flagellum equal to cell length in
shortened cells and normally directed forward, the shorter flagellur
1/2 to 3/4 the length of the longer and normally directed posteriorly.
Euglenoid movement extreme and rapid.

Chloroplasts 5 to 15, green, elliptical, in random and varying
position and orientation within the cell. Pyrenoids absent. Paramylum
bodies few, small, discoid, scattered. Stigma red, composed of one to
several granules; other red granules sometimes scattered through the
cytoplasm. Nucleus sometimes evident below the middle of the cell.

Trieste and the Adriatic Sea.

Gales Creek: At magnifications used for cell counting it was
difficult to distinguish between these specimens and those classified
as butreptia viridis Perty, described above, so the following data
includes both these forms, and where flagella were absent, possibly
Euglena proxima Dangeard (see below) as well: Present in all months
but May, with concentrations reaching 60 cells/ml in August; eury-

haline, from 0 to 350/00 sallnity; observed in 86 samples.
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This is a small specles with pellicle striations not apparent and
the few chloroplasts and paramylum grains not surrounding a pyrenoid-

like plastidome.

Buglena cf. proxima Dangeard
(pl. 18, £. 123 a-e¢; pl. 32, £. 10)

Euglera proxima Dangeard, 1901, p. 154-157, f. 6; Gojdies, 1953, p. 80,
pl. 7, £. 7; Huber-Pestalozzi, 1955, p. 86, pl. l4, f. 64; Pringshedim,

1956, p. 60-63, £. 7-B; Prescott, 1962, p. 394, pl. 85, f. 25; Leedale,
1967b, p. 21, f. 10; Whitford & Schumacher, 1969, p. 84, pl. 43, £. 12,

Cells moderate in size to large, metabolic, varying from
fusiform to clavate and lanceolate, rounded or truncate anteriorly,
tapering to an acute tip posteriorly. Length 10-50u, width 4-16u.
Pellicle striations delicate. Flagellum arising anteriorly from the
canal, slightly longer than the cell. Locomotion by euglencid move-
ment and swimming.

Chloroplast 5 to 12, green, elliptical, randomly oriented but
absent from the posterior tip. Pyrenoids absent. Paramylum bodies
small, disceoid, rare. Stigma red, composed of one or several granules;
other red granules sometimes scattered in the cytoplasm. Nucleus
sometimes evident below the middle of the cell,

Fresh and brackish water species in Furope and America.

Gales Creek: Present in summer and autumn; from 9 to 330/00
salinity; observed in 21 samples. When flagella were absent in the
specimens it was not possible tc distinguish this Euglena from the
Eutreptia species found in the creek, so some cells nc doubt were

included in those counts.

According to Pringsheim (1956), Fuglena proximg has many variants
both in fresh and salt water, which differ in size, minor features of
shape, habitat adaptation, and probably other physiological properties.
The Gales Creek specimens, averaging 20-30uin length, were smaller than the
slze range reported by Pringsheim of 45-93u x 7-30p. They were
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closer in size and form to E. baltica Schuler (1910), a species,
however, which Pringsheim considers insufficiently described and
related or identical with E. prozxima in the wider sense he has adopted
for this species, It is tentatively assumed this wider sense can also

include the Gales Creek specimens.

Euglena deses Ehrenberg
(pl. 18, f. 124)

Euglena deses Ehrenberg, 1833, p. 248, pl. 7, f. 8; Gojdies, 1953,
p. 133, pl. 23, f. 2; Skuja, 1956, p. 231, pl. 41, f. 1; Pringsheim,
1956, p. 118-121, f. 37; Leedale, 1967b, p. 27, f. 17.

Cells cylindrical and elongated, somewhat metabolic, anteriorly
narrowed anrd truncate, posteriorly rounded. Length 150u, width 12y.
Pellicle striations not observed. Flagellur absent. Locomotion by
creeping.

Chloroplasts less than 10, discoid, parietal, curved against the
pellicle. Pyrencids not observed. Paramylum bodies moderately small,
discoid, mostly in the anterior portion of the cell. Stigma composed
of several large red granules, adjacent to the reservoir. Nucleus
large, below the middle of the cell.

Rather commen and very widely distributed on wud in ditches,
marshes and estuaries.

Gales Creek: Present in June, July and November; euryhaline, from

3 to 280/00 salinity; observed in 3 samples.

According to Pringsheim (1956), E. deses 1is an outstanding
example of a species composed of a considerable number of closely
related taxonomic forms, each liable to morphological modification.
He states that the naked pyrenoid in each chloroplast peculiar to
this species and . mutabilis Schmitz (see below) cannot always be
readily observed. The flagellum is short, and often not visible.

Studies: Phototaxis--Bendix (1960).
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Euglena mutabilis Schmitz
(pl. 18, £. 1295)

Euglena mutabilis Schmitz, 1884, p. 37 (footnote No. 1), pl. 1, f. 3
Gojdics, 1953, p. 81, pl. 6, f. 7a; Huber-Pestalozzi, 1955, p. 76,
pl. 11, £. 53; Skuja, 1956, p. 228, pl. 40, f. 2-3; Pringsheim, 1956,
p. 121-123, £. 38; Leedale, 1967b, p. 27, f. 18 a-c.

Cells very large, slenderly fusiform, somewhat metabolic, poster-
iorly narrowly acute, anteriorly strongly narrowed and truncate.

Length 80u, width 10u. Pellicle striations and flagellum not observed.
Locomotion by slow creeping, coiling, wriggling.

Chloroplasts four, green, large, thin, parietal, curved against
the pellicle. Pyrencids and paramylum bodies not observed. Stigma,
small, dense, red, adjacent to the reservoir.

Found on mud, widely distributed in the northern hemisphere,
characteristic species of acid habitats.

Gales Creek: Present from all seasons; euryhaline, from Q to

26°/00 salinity; observed in 7 samples.

Pringsheim (1956) considers this to be a well-defined species
closely related to E. deses Ehrenberg (see above) but with fewer
chloroplasts (3 to 8) and a narrower body. The very short flagellum
is often non-emergent from the canal, and the naked pyrenocid in each

plastid is not always readily observable.

Euglena ehrentergii Klebs
(pl. 18, f. 126; pl. 32, f. 11)

Euglena ehrenbergii Klebs, 1883, p. 304; Van Coor, 1925, p. 303, f. 7;
Gojdics, 1953, p. 108, pl. 13, f. 3; Huber-Pestalozzi, 1955, p. 69,
pl. 9, £. 45; Pringsheim, 1956, p. 65; Prescott, 1962, p. 392, pl. 86,
f. 13; Leedale, 1967b, p. 21, f. 8-9; Whitford & Schumacher, 1969,
p. 84, pl. 43, £. 5.

Cells huge, matabolic, strap-like and spirally twisted, rounded or

tapering to a blunt point posteriorly, narrowing and truncate
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anteriorly., Length 78~160u, width 10-25p. Pellicle weakly striated.
Flagellum not observed. Locomotion by twisted creeping.

Chloroplasts numerous, discoid, about 4p in diameter, distributed
throughout the cell. Pyrenoids absent. Paramylum bodies discoid,
slightly smaller than the chloroplasts., Stigma a dark red angular
plate of chloroplast size, adjacent to the large reservoir.

Widespread species in Europe and America.

Gales Creek: Rare, autumn and winter, usually from samples near

the bottom; from 5 to 360/00 salinity; observed in 10 samples.

This species is one which seems to occur in various size varieties,
though none reported in Pringsheim (1956} were as small as a few of
the Gales Creek specimens which have been included here. This species

easily loses 1its very short flagellum

Euglena pumila sp. nov.
(pl. 18, f. 127 a=-g}

Cells very small, markedly metabolic but generally elliptical to
fusiform, narrowly rounded anteriorly, acutely rounded to pointed
posteriorly. Length 7.5-15p, width 4-5u. Pellicle smooth. Flagellum
equal to body length, inserted anteriorly at an angle to the apical
axis. Reservoir and canal indistinct., Locomotion by euglencid
movement and swimming.

Chloroplasts two, sometimes three, light green, elongate-
elliptical and flattened, about 4p long. Pyrencids absent. Stigma
small, composed of a few red granules. Several short paramylum rods
sometimes discernable. Nucleus spherical, in the posterior portion of
the cell.

Gales Creek: Present in April, August, and November; polyhaline,

from 23 to 33°/00 salinity; observed in 9 samples.

This extremely small species is differentiated from E. minuta
Prescott (see Prescott, 1962)--and E. piseiformis Klebs, to which,

according to Pringsheim (1956), E. minuta probably belongs--by the
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smaller size of the chloroplasts and the absence of a pyrenoid within
each along with the absence of the ill-defined tail process common

among the pisciformes group.

Trachelomonas hispida var. punctata Lemmermann
(pl. 18, £. 128 a-b; pl. 33, f. 1)

Trachelomonas hispida var. pimctata Lemmermann, 1906, p. 165; Pascher &
Lemmermann, 1913, p. 150; Carter, 1937, p. 62, pl. 8. f. 25-26;
Butcher, 1961, p. 16; Prescott, 1962, p. 414, pl. 84, f. 3-4.

Cells large, loricate, lorica oblong with parallel sides and
broadly rounded ends, fairly thick, orange in color, punctate but
without sharp-pointed warts or spines, apical pore with a short collar.
Average dimensions 29p x 17u. Flagellum about twice the cell length,
inserted anteriorly through the apical pore.

Chloroplasts around 15 in number, green, discoid. Paramylum
bodies few, discoid. Stigma very large and angular, reddish orange,
anteriorly placed.

Fresh and brackish water species from Europe and America.

Gales Creek: Present in five samples from spring and summer;

euryhaline, from 3 to 23°/0c salinity,

Trachelomonag intermedia Dangeard
(pl. 18, f. 129 a-b; pl. 33, f. 2)

Trachelomenas intermedia Dangeard, 1901, p. 231, f. 42; Pascher &
Lemmermann, 1913, p. 307, f. 12; Van Coor, 1925, p. 307, f. 12;
Butcher, 1961, p. 16; Prescott, 1962, p. 415, pl. 83, £. 10.

Cells large, loricate, lorica nearly spherical, orange in color,
surface finely punctate, apical pore with round thickened collar.
Diameter 18-22u. Flagellum twice the cell diameter, emerging from the

apical pore.



214

Chloroplasts around 15, green, discoid. Pyrenoidal bodies not
observed., Paramylum grains small, elongate-elliptical. Stigma very
large and angular, reddish orange, supra-median.

From fresh and brackish waters, Europe and America.

Gales Creek: Present in six samples from March and July, all
0 O/oo salinity, introduced into the estuary with heavy fresh-water

runoff.

{Class Prasinophyceae)

Heteromasticx rotunda {(Carter) Manton

(pl. 19, f. 130 a=b; pl. 33, £. 3)

Heteromastix rotunda (Carter) Manton, 1964b, p. 280; Manton, Rayns,
Etti & Parke, 1965, p. 247-249, text-fig. 1-6. Bipedinomonags rotuwnda
Carter, 1937, p. 13, pl. 1, f. 17-18; Butcher, 1959, p. 38, pl. 2,

f. 7, pl. 8, f. 4.

Cells minute, markedly compressed laterally, elliptical in broad
lateral view, flattened anteriorly, oblong-elliptical in all other
views. Length and width 6-8y, thickness 2-2.5u. Flagella two, unequal,
the longer about 4 times the cell length and directed laterally, the
shorter flagellur coarser, half the length of the longer and curved
arcund the cell.

Chloroplast single, green, parietal, with two anterior lobes.
Pyrenoid basal, btounded by a starch shell. Stigma red, at the anterior
end of the chloroplast lobe nearer the shorter flagellum. One or two
refractive granules usually present in the center of the cell.

From salt marshes in southern England.

Gales Creek: Present in 4 samples from March and October, and

cultures from a March innoculum.

This species 1s distinguished from H. pyriformis (Carter) Manton
(see below) by its symmetrical broadly elliptical shape, slightly

larger size, and longer flagella, though in the Cales Creek material
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the longer flagellum did not attain the 30u length described by Butcher

(1959).
Studies: Pigments--Riley & Segar (1969).

Heteromastixz pyriformie (Carter) Manton
(pl. 19, £. 131 a-b; pl. 33. f. 4-6)

Heteromastix pyriformis (Carter) Manton in Parke & Dixon, 1964, p. 528.
Bipedinomonas pyriformis Carter, 1937, p. 12, pl. 1, f£. 13-16; Butcher,
1959, p. 38, pl. B8, f. 6.

Cells minute, markedly compressed laterally, oveid to pyriform in
broad lateral view, oblong in dorsal view, with a shallow anterior
groove. Length 4-6p, width 3-4.5u, thickness 2-2.5u. Flagella two,
unequal, the longer flagellum about 4 times the length of the cell,
the shorter flagellum thicker and about 1 1/2 times the cell length,
both inserted in the center of the flattened anterior surface; at
rest the longer flagellum directed laterally with its proximal portion
often lying within the anterilor groove, the shorter flagellum curved
around the cell.

Chloroplast single, green, parietal, with two unequal anterior
lobes, smooth. Pyrenoid basal. Stigma red, at the anterior end of
the chloroplast lobe nearer the shorter flagellum. One or two
refractive granules sometimes present in the cytoplasm.

Described from a salt marsh in southern England.

Gales Creek: Present from all seasons with higher frequencies in
autum and cell concentrations reaching 20 cells/ml; euryhaline,

from 3 to 360/00 salinity; observed in 70 sarmples.

Pyraminomas grossii Parke
(pl. 19, f. 132 a-e)

Pyramimonas grossii Parke, 1949, p. 256, f. 1-2, pl. 2, 17, 18;
Butcher, 19539, p. 30, pl. 2, f. 1, pl. 8, f. 1-2.
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Cells small, of variable shape from ovoid or pyramidal to cordate,
lateral margins convex to straight and tapering, posteriorly rounded,
truncate and 4-lobed antericrly, the lohes rather short and wide,
apical view sub-quadrate. Length 5.5-10p, width 3.5-8.5u. Flagella 4,
slightly longer than the cell, inserted in a shallow anterior
depression.

Chloroplast green, campanulate, with four long anterior lobes,
one passing into each of the periplast lobes; pyrenocid large, basal.
Stigma bright red, median in position on one of the chloroplast
lobes, though sometimes positioned mere anteriorly.

Described from sea water, southern England.

Gales Creek: Present from all seasons; 1l to 3&0/00 salinity;

observed in 18 samples.

The placement of the stipgma in the middle zone of the cell on cne
of the lobes has been used as the main character to separate these
Gales Creek organisms from similar forms with anterior stigmas tenta-
tively identified as P. micron and P. torta (see below).

Studies: Trichoeysts—--Manton (1969).

Pyramimonas cf. torta Conrad & Kufferath
(pl. 19, £f. 133 a-d; pl. 33, £. 7)

BPyramimonas torta Conrad & Kufferath, 1954, p. 232, pl. 8, f. 5;
Butcher, 1959, p. 26.

Cells small, pyramidal or cunieform, with straight tapering
sides, narrcwly rounded posteriorly, strongly 4-lobed anteriorly,
lobes long and moderately narrow, diverging anteriorly to give the
cell a cruciform shape when viewed apically. Length 9-13u, width
6.5~8.. Flagella 4, slightly longer than the cell, inserted in a
deep anterior depression.
Chromatophore green, campanulate, with 4 long anterior lobes,
one passing into each periplast lobe; pyrenocid large and basal., Stigma
bright red, at the apex of one of the chromatophore lobes.

Degscribed from brackish water in Belgium,
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Gales Creek: Presence in all seasons, with demsities up to 83

cells/ml in November; from 9 to 34" /oo salinity; observed in 42 samples.

Gales Creek specimens were slightly broader than the narrowly
cuneate cells illustrated by Conrad & Kufferath (1954)., One distorted
cell from the estuary of shortened length (see Pl, 19, fig, 133d), when
compared to a similar sized cell of P. micron (see below) from the creek,
illustrates the difference in lobing between these two species. The
anterior position of the stigma separates these cells from P. groseif

Parke (see above) with its lateral stigma,

Pyramimonas cf. micron Conrad & Kufferath
(PL. 19, f. 134 a-d; pl. 33, f. 8)

Pyramimonas micron Conrad & Kufferath, 1954, p. 234, pl. &4, f. 3;
Butcher, 1959, p. 29.

Cells small, variable in shape from broadly ovoid to pyramidal with
convex to stralght tapering sides, rounded posteriorly, truncately 4-
lobed anteriorly, lobes moderately broad and long, subquadrate in apical
view. Length 4-8u, width 4-7.5u., Flagella 4, somewhat longer than the
cell, inserted in an anterior depression.

Chloroplast green, campanulate with 4 lobes extending into the &
periplast lobes; pyrenoid basal. Stigma red, located at the anterior
end of one of the chromatophore lobes,

Described from brackish water in Belgium,

Gales Creek: Present from all seasons, with high frequencies in
autumn, densities up to 128 cells/ml in August; euryhaline, from 6 to

33%/00 salinity; observed in 83 samples.

Conrad & Kufferath's (1954) species is inadequately described, with
no data being given about either pyrenoid or chromatophore. They also
describe two similar though slightly larger species, P. nanella and P.
prsuwnm which, however, have straighter untapered lateral sides and finer
stigmas. These Gales Creek specimens are separated from those identi-
fied as 7. torta Conrad & Kufferath (see above) on the basis of their

shorter relative length and more broadly rounded posterior end, and
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from P. grossii Parke (above) on the position of the stigma at the an-

terior end of one of the lobes, rather than laterally.

Pyraomimonas plurioculata Butcher
(p1. 19, f, 135 a-d; pl. 33, f. 9)

Pyramimonas plurioculata Butcher, 1959, p. 31, pl. 7, f. 8.

Cells small, broadly ovoid to pyramidal, narrowly to bluntly
rounded posterlorly, lateral margins convex to straight and tapering
posteriorly, anterior end truncate and 4-lobed, the lobes short and
broad, subquadrate in apical view. Llength 5-11u, width 4-8u. Flagella
4, a little longer than the cell, inserted in the anterior depression.

Chloroplast green, campanulate, with four lobes extending to the
anterior lobes of the periplast; pyrenoid basal., Stigma two paired red
granules positioned between two of the anterior lobes; other red gran-
ules occasionally present basally.

Described from an English salt marsh.

Gales Creek: Present in autumn and winter, reaching densities of
22 cells/ml in November; euryhaline, from 0 to 32%/00 salinity;

observed in 17 samples.

This species lacks the two large wedge-shaped starch grailns around
the pyrenoid and the prolonged narrow-pointed posterior end of P. diso-
mata Butcher (1859), and may be distinguished from P. miecron Conrad &
Kufferath (1954), a similar specles from Gales Creek, by the paired

stigmas positioned between anterior lobes of the chloroplast.

Pyramimonas amylifera Conrad
{(P1. 19, £. 136 a-b; pl. 33, £. 10-12)

Pyramimonas amylifera Conrad, 193%a, p. 1-10, f. 1-33; Hulburt, 1965a,
p. %, pl. 3, f. 31-32,

Cells moderate in size, laterally compressed, with gradually taper-
ing straight sides, broadly conical posteriorly, truncate anteriorly,

quadrangular in apical view. Length 12-16u, width 8~10u, thickness
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6-9u. Flagella 8, almost 1 1/2 times the length of the cell, inserted
in a deep anterior cavity with the flagellar bases forming a rhomboid
pattern when viewed apically.

Chloroplast deeply campanulate, with four long anterior lobes over
1/2 the length of the body; pyrencid large and basal. Stigma two paired
orange granules at the hase of adjacent chloroplast lobes on the broad
gide of the cell.

Brackisgh water from Belgium and Woods Hole area, Mass.

Gales Creek: Presence with moderate frequency in November, also
April, 1967; polyhaline, from 26 to 33%/00 salinity; observed in
21 samples.

Studies: Scales - Manton, ¢t al. (1963); scale formation -
Manton (1966b). Pigments - Riley & Wilson (1967).

Pyramimonas ? obovata Carter
(p1. 19, f. 137)

Pyramimeonae obovatq Carter, 1937, p. 8, pl, 1, f. 9-12; Butcher, 1959,
p. 29, pl. 7, £. 9-10; Hulburt, 1965a, p. 92, pl. 3, f. 25-27.

Cells small, elliptical, acutely rounded posteriorly, truncate an-
teriorly, with convex sides. Length 10y, width 6y, Flagella 4, 1 1/2
times the cell length, inserted in a moderately deep anterior depression.

Chloropiast oplive-green, deeply campanulate; pyrenoid basal.

Stigma moderately large, red, placed in the middle gzone of the cell.

From brackish water in southern England and Belgium; Woods Hole
area.

Gales Creek: Present in autumn and March, with a density of 61
cells/ml in Octoberj euryhaline, from 5 to 320/00 salinity; observed in

4 samples.

The anterlor portion of the chloroplast was very thin in these
specimens and it was difficult to determine whether it was 4~-lobed or
continuous. The anterlor depression was not as deep a cavity as fip-
ured in Butcher (1959) and Hulburt (1965a), and the minute puncate

described by Carter (1937) were not observed.
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Pyramimonas sp.
(P1. 19, £. 138 a-c)

Cells of moderate size, elongate-elliptical, with convex or
straight sides, acutely rounded posteriorly, truncate and 4-lobed
anteriorly, the lobes short and broad, subquadrangular in apical view.
Length 10-11 p, width 6,5u. Flagella 4, 1 1/2 times the cell length,
inserted in an anterior depression.

Chloroplast green, deeply campunulate, with anterior lobes ex-
tending into the periplast lobes; pyrenoid large, basal. Stigma bright
red, in the posterior portion of the cell adjacent to the pyrenoid.

Gales Creek: Observed in two samples from December and March, 22

to 34%/00 salinicy,

This species is distinctive because of its definitely posteriorly
positioned stigma and elongate-elliptical shape with distinct anterior

lobing, but otherwise it is similar to P. obovata Carter (1937).

Tetraceimia econtracta (Carter) Butcher
(P1. 20, f. 139 a-b)

Tetraselmis contracta (Carter) Butcher, 1959, p. 63, pl. 12, f. 7.
Platymonas contracta Carter, 1937, p. S, pl. 2, f. 32-36. Platymonas
subcordiformis Skuja, non (Wille) Hasen, Skuja, 1927, p. 55, pl. 1,

£. 4. 7 Platymonas lilloensie Conrad & Kufferath, 1954, p. 235, pl. 3,
£. 7.

Cells large, with rigid cell wall from which the protoplast is
markedly contracted, strongly compressed, elliptical, posteriorly
rounded, anteriorly emarginate, in narrow lateral view with dorsal side
convex and ventral side flattened, obliquely truncate anteriecrly, post-
eriorly acute. Length 26y, width 19y, thickness 8u. Flagella 4, some-
what longer than the cell, inserted through a shallow apical furrow
between the two slight anterior lobes.

Chloroplast bright green, granular, with two large anterior lobes

surrounding a sinus the same size as the pyrenoid. Pyrenoid large,
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round, submedian. OStigma large, red, positioned in the anterior
portion of the cell adjacent to the flattened ventral surface.
Described from brackish waters in scuthern England.
CGales Creek: Present in April and autum; polyhaline, from 20

to 35°/oc salinity; observed in 5 samples.

Tetraselmis li1lloeisis (Conrad & Kufferath) Butcher (1959), which
is inadequately described and figured by Conrad & Kufferath (1954),
apparantly differs from this species mainly in its smaller size,
14 x 12 x 7u. With the protoplast contracted away from the cell wall
for a considerable distance, and the large size, T. contracta is a

distinctive and easily recognized species in Gales Creek.

Tetraselmis gracilie (Kylin) Butcher
(PL. 20, f. 140 a-b)

Tetraeselmie gracilis (Kylin) Butcher, 1959, p. 67, pl. 5, £. 3, pl. 10,
f. 15, pl. 11, £. 13, pl. 13, f. 7. Platymonas gracilis Kylin, 1935,
p. 221, f. 2a-b.

Cells moderate in size, with rigid cell walls, compressed later-
ally, broadly to narrowly ellipsoid, elongate-elliptical in narrow lat-
eral view, rounded posteriorly, bluntly 2-lcbed anteriorly. Length
9-12 p, width 6-9 y, thickness 5-6.,5 u. Flagella 4, 1 1/2 times the
length of the cell, inserted in an anterior furrow between the two lobes.

Chleroplast green, with two anterior lobes surrounding the wide
and deep sinus reaching to the pyrenoid whick is large, sub-basal, sur-
rounded by a sphere of starch platelets. Stigma large, orange-red, el-
lipsoidal, in the middle to anterior region and closer to the lateral
margin. Numerous refractive granules often present in the anterior
half of the cell.

Brackish waters from Sweden, southern England.

Gales Creek: Present in all months but May to July, with very
high frequencies in autumn, reaching densities of 249 cells/ml in
November; euryhaline, from 3 to 330/00 galinity; observed in 69

samples.
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This species most nearly resembles 7., wverrucosa Butcher (1959)
but does not possess the verrucose posterior end of this other organism.
Butcher describes the apex in T. gracilis as 4-lobed, but the two
smaller lobes were seldom observed in the Gales Creek material. The
more anterior position of the stigma was used to separate these

organisms from those classified as T. maculata Butcher (see below).

Tetraselmis maculata Butcher
(P1. 20, f. 141 a-b; pl. 33, f. 13)

Tetraselmis maculata Butcher, 1959, p. 67, pl. 5, f. 7, pl. 10, f. 12,
pl. 11, £. 12, pl. 13, f. 6.

Cells moderate in size, with rigid cell walls, compressed, broadly
to narrowly ellipsoid, elongate-elliptical to oblong in narrow lateral
view, rounded posteriorly, bluntly 2-lobed anteriorly. Length
7-13-(16) p, width 5-9-(11) y, thickness 3-6.5 . Flagella 4, equal to
cell length, inserted in the anterior furrow between the 2 lobes.

Chloroplast green, granular, with two anterior lobes, the sinus
wide and deep, extending almost to the pyrencid; pyrenoid basal, mwedium
in size, with starch sheath. Stigma small to large, slightly anterior
and lateral to the pyrencid. Small refractive granules scattered
around the periphery of the sinus.

Salt marsh pools, scuthern England.

Gales Creek: Presence in all seasons, though more frequent in
autumn and winter, up tc 52 cells/ml in November; eurvyhaline, from 1 to
320/00 salinity; observed in 31 samples, and cultures from a March

innoculum.

Butcher distinguishes 7. maculata from 7. gracilis (Kylin)
Butcher (1959) by the posteriorly positioned stigma and shorter flag-
ella, from 7. incomspicua Butcher (1959) by the larger pyrencid, stigma
and overall size, from T. strigta Butcher (1959) by the absence of
longitudinal rows of granules or obliquely acute base, from 7. levis
Butcher (1959) by the less posteriorly positiocned stigma, and from T.
suecica (Kylin) Butcher (1959) by its more basal pyrenoid and less

granular chromatophore. Whether these distinctions, which are often
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difficult to determine in live field samples, constitute species charac-
ters and not just culture varieties needs to be determined through
further investigations.

Studieg: Pigments - Parsons (1961).

Tetraselmis striata Butcher
(PL. 20, f. 142 a-c)

Tetracelmis striata Butcher, 1959, p. 66, pl. 10, f. 16, pl. 11, f. 8,
pl. 13, £. 2.

Cells small, with rigid cell wall, compressed laterally, ellipti-
cal in broad lateral view, broadly rounded posteriorly bluntly 2-lobed
anteriorly, in narrow lateral view oblong with an obliquely acute pos-
terior end. Length 9y, width 6.5y, thickness 4.5y, Flagella &4, 1 1/2
times the cell length, inserted in the apical furrow between the two
lobes.

Chloroplast green, granular, with two anterior lobes, the sinus be-
tween rather deep and wide, reaching almost to the large sub-basal
pyrenoid surrounded by a spherical starch sheath. Stigma large, bright
red, sub-median near the lateral margin by the pyrenocid. Numerous
small refractive granules present in the anterior portion of the cell
and arranged in several longitudinal rows.

Described from sea water in Wales.

Gales Creek: Observed in a single November sample at 240/00

salinity.

Distinetive features of this species, according to Butcher, are
the small size, the longitudinal rows of granules, and the oblique
posterior end in lateral view. Otherwise it is rather similar to 7.

maculata Butcher (1959), also found in Gales Creek.

Tetraselnis sp.
(P1. 20, f. 143)

Cells large, with rigid cell walls, conpressed, elliptiecal, rounded

posteriorly, 2-lobed anteriorly with a shallow apical furrow between
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the lobes. Length 20-25 p, width 14-19 u. Flagella not observed.
Chloroplast green, granular throughout, with two large anterior
lobes surrounding a small sinus which extends to the pyrenoid; pyre-
noid large, ellipsoidal, sub-median and central. Numwerous small gran-
ules present around the periphery of the sinus.
Gales Creek: Present from January to March; polyhaline, from 20

to 35%/00 salinity; observed in 8 samples.

These cells were easily recognized when they appeared in the
samples because of their large size, submedian pyrenoid and supra-
median stigma. The one species of somewhat similar size and form in
the literature, Tetraselmis helgclandica (Kylin) Butcher (1959) differs

in possessing numerous (2-9) scattered siigmata.

(Class Chlorophyceae)

Chiamydomonas ? bourrellyi Etrl
(PLl. 20, f. 144 a=b)

Chlamydomonas bourrellyi Ettl, 1965a, p. 327, f. 36.

Cells small, body elliptical with rounded ends, bearing a moderate-
ly sized sub-hemispherical papilla apically. Length 7.5-9 u, width
3-7.5 u. Cell wall not observed. Flagella 2, 1-1 1/2 times the body
length.

Chloroplast green, campanulate, somewhat granular, not extending
all the way to the apex; sinus cylindrical, as broad as deep. Pyrenoid
large, sub-spherical, basal. Stigma large, elliptical, red, in the mid~
zone of the cell. Contractile vacucles not observed.

A stagnant fresh water European species.

Gales Creek: Present from December to March; euryhaline, from 0

to 35%/00 salinity; observed in 7 samples.

The specimens observed differ from Ettl's species in the rounded

rather than truncate apical papilla, in the less cylindrical shape, and
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in their somewhat smaller size (Ettl: 9-14 x 4-8 ) so this classifi-
cation is extremely tentative. The general form of the cells is simi-
lar to (. debaryana Goroschankin (see Huber-Pestaleozzi, 1961) which,

however, is a larger species, above l4u leng.

Chlamydomonas 7 wva-maris Butcher
(P1l. 20, £. 145 a-b)

Chlamydomonas wva-marie Butcher, 1959, p. 53, pl. 9, f. 2.

Cells moderate in size, body broadly ovoid-elliptical, rounded
posteriorly and anteriorly. Length 8.5-12.5 u, width 6.5-9.5 nu. Cell
wall thick, smooth, in contact with the periplast, bearing a broad flat
papilla apically. Flagella 2, 1-1 1/2 times the body length.

Chloroplast green, campanulate, extending almost to the apex to
enclose a broad and deep elliptical sinus surrounded by assimilate
granules. Pyrenold large, elliptical, basal. Stigma large, red,
elliptical, in the anterior portion of the cell. Contractile vacuoles
not observed.

Described from salt marshes and pools from southern England.

Gales Creek: Present in 5 samples from March and autumm, from 5

to 30°%/00 salinity.

Chlamycomenas komma Skuja (see Butcher, 1959), C. miercephaera
Pascher & Jahoda (see Huber-Pestaleozzi, 1961) with a spherical body,
C. eubglobosa Pringsheim (see Huber-Pestalozzi, 1961) with a smaller
sinus, and C. Rwwadae Gerloff (see Butcher, 1959), a somewhat larger
species, are all similar to (. uva-maris, which is distinguished by
Butcher on the basis of its much smaller papilla and absence of con-
tractile vacuoles. However, even for species with them, the contractile
vacuoles would probably be absent in those cells found in brackish
waters, so this latter character is difficult to apply under these con-
ditions. (. buliosa Butcher (1959) is also a similar species but

possesses a rugose chloroplast with a narrow anterior sinus.
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Chlamydomonas ? vernalis Skuja
(P1. 20, £. 146 a-b)

Chlamydomonas vernalis Skuja, 1956, p. 138, pl. 19, f. 34-36, pl. 20,
f. 1-4.

Cells moderate in size, hody broadly to somewhat elongately ellip-
tical, both ends rounded. Length 18-20 u, width 11-18 u. Cell wall
thick, smooth, in contact with the periplast, bearing a large rounded
papilla apically. TFlagella 2, about equal to the cell length.

Chloroplast green, coarsely granular te rugose, peripheral, very
dense, obscuring internal detail. Pyrenoid absent. Stigma moderately
sized, dense red, elliptical, in the anterior portion of the cell.

Described from Swedish lakes.

Gales Creek: Present in four samples from February and March, from

1 to 18°/o0 salinity.

Chlamydomonas ulla Skuja (see Huber-Pestalozzi, 1961) apparently
differs from this species primarily in its smoother chloroplast, and
C. mediocris Skuja (see Huber-Pestalozzi, 1961) in its slightly smaller
size, thinner wall, and less dense chloroplast. A few of the Gales
specimens were somewhat more elongately-elliptical than Skuja des-

cribed for . vernaglis, but general similarity was rather close.

Chlamydomoras ? gregaria Butcher
(P1. 20, f. 147 a-b)

Chlamydomonas gregaria Butcher, 1959, p. 57, pl. 9, £. L3.

Cells small, body narrowly elliptical with rounded ends and a
moderately large hemispherical apical papilla. Length 7-9 p, width
4-5 u. Cell wall not distinguishable. Flagella 2, 1-1 1/2 times the
body length.

Chloroplast green, campanulate, parietal, filling all but the
anterior tip of the cell, scemwhat granular. Pyrencid and coentractile

vacuoles not observed. Stigma round, red, sub-centrally positioned.
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Described from a salt-marsh in Wales.
Gales Creek: Observed in 4 December and January samples, from 2

to 350/00 salinity.

These few specimens did not exhibit the frequently asymmetric
shape, more anteriorly positioned stigma, and distinet pyrenoid des-
cribed by Butcher (1959) for (. gregaria, sc this classification is

extremely tentative.

Chlamydomonas cf. vectensis Butcher
(P1. 21, f. 148 a-e; pl. 33, f. 14-16)

Chlamydomonas vectenstis Butcher, 1959, p. 55, pl. 9, f. 3, pl. 14,
f. 10.

Cells minute, body ovoid, anteriorly acute, posteriorly rounded,
with a small but definite apical papilla. Length 4-7.5u, width 3-5p.
Cell wall thin, in contact with the protoplast. Flagella 2, 1-1 1/2
times the cell length, normally directed posteriorly when the cell is
at rest.

Chlorcplast green, somewhat granular, more or less obliquely
campanulate, occupying the posterior 1/2-2/3 of the cell. Pyrenoid not
observed. Stigma moderate in size, elliptical, red, at the level of
the anterior end of the chromatophore. Contractile vacucles not ob—
served. Assimilate granules few.

Described from brackish marshes in southern England.

Gales Creek: Presence in all seasons; with very high frequencies
in early winter, mid-summer and mid-autumn, reaching concentrations of
9,700 and 11,880 cells/ml in August, 154 cells/ml in November;
euryhaline, from 0 to 35%/00 salinity with maximum cell densities in

water under 100/00; cbserved in 99 samples.

The Gales Creek material differed from Butcher's description in
possessing a more well developed apical papilla, not having an obvious
cell wall of medium thickness, and in lacking any sign of a pyrenoid,
though Butcher does state that pyrenoids in his specimens were faint.

Other species similar to the Gales Creek cells include Chlamydomonas
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Eotryopara Rodhe & Skuja (see Huber-Pestalozzi, 1961) which, however,
has a very steeply oblique chloroplast with a definite pyrencid, C.
schilleriana Gerloff (see Butcher, 1959) which is spherical in shape
and lacks a definite apical papilla, C. viridimgculata Pascher (see
Huber-Pestalozzi, 1961) which lacks a stigma, and . coniformis Pasﬁher
(see Huber-Pestalozzi, 1961), a larger species.

Chlamydomonas sp. "a'

(P1. 21, f. 149 a=d)

Cells small, body elliptical to ovoid, bearing a short broad pap-
illa anteriorly, rounded posteriorly. Length 5.5-6 u, width 3.5-4 p.
Cell wall thin, closely investing the protoplast in most individuals.
Flagella 2, equal to body length, directed posteriorly when cell is at
rest.

Chloroplast green, campanulate, granular, extending to the anterior
end of the cell to enclose a deep and bread sinus. Definite pyrencid
not observed, though the swellen basal portion of the chloroplast sug-
gests its presence. Stigma large, red, elliptical, supra-median. Con-

tractile vacuoles not observed. Assimilate granules few.

Gales Creek: Presence from all seasons, abundant in August with
densities up to 10,200 cells/ml; eurvhaline, from 1 to 29%/00 salinity,
with highest cell concentrations in mesochaline waters; observed in 33

samples.

Similar to these Gales Creek cells in size and chloroplast shape
is Chlamydomonas coecoides Butcher (1959) which also possesses a basal
pyrenoid, but which differs in having an acute apex, small stigma and
yellow-green chloroplast. This Gales Creek material was separated from
cells assigned to . vectensig Butcher (1959) by the more elliptical
shape, the more extensive chloroplast, and the larger stigma, but its
seasonal presence and abundance so parallels the cther that it suggests

the two may be related varieties and not separate species.
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Chlamydeomonas sp. "bB"
(Pl. 21, f. 150a-e)

Cells minute, body elongate-elliptical to elongate-ovoid, acutely
rounded anteriorly, more broadly rounded posteriorly, over twice as long
as wide, with a short rounded apical papilla distinguishable when the
anterior end of the cell is more broadly rounded. Length 5-6 u, width
2=3 p. Cell wall not distinguishable. Flagella 2, equal to the body
in length, normally directed posteriorly when the cell is at rest.

Chloroplast green with a blue tint, obliquely campanulate, some-
times appearing almost lateral, occupying the posterior 1/2 or 2/3
of the cell. Pyrenoid absent. Stigma moderate in size, elliptical,
red, near the anterior end of the chloroplast in the middle of the cell.
Contractile vacucles not observed. Assimilate granules few, sometimes
present in a longitudinal row.

Gales Creek: Present from June to Septevber, with densities up to
244 cells/ml in oligohaline waters from August; euryhaline, from 0 to

260/00 salinity; observed in 24 samples.

A number of species, including Chlamydomonas tremulans Rocdhe &
Skuja, . gloeophila Skuja, €. altera Skuja (for these 3, see Huber-
Pestalozzi, 1961) and (. palla Butcher (1959), are all rather similar
in form and chloroplast shape to this material, but they are all some-
what larger and possess pyrenoids. That these Gales Creek specimens
are not swarmers f{rom some multicellular green alga is indicated by the
accompanying presence of cysts in some of the samples (Pl. 21, f. 150e).
While the elongate shape of these cells made them easily distinguishable
from cells assigned to C. vecterieig and C. sp. "a" (both described
above}, its abundance in August so parallels these other two as to sug-
gest they all may be related forms.

Chlamyaomonas sp. "c'
(P1. 21, f. 151 a-c; pl. 33, f. 17-18)

Cells small, body ovoid to elliptical, rounded anteriorly and
posteriorly, with a moderately large rounded apical papilla. Length

6-7 u, width 5-6 u. Cell wall separated from the protoplast by a
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marked hyaline space. Flagella 2, equal to the cell length.

Chloroplast green, obliquely campanulate, occupying a little more
then the posterior half of the cell. A small pyrenoid-like body ob-
served only in one specimen, positioned somewhat laterally. Stigma
large, red, elliptical, bulging out from the cell membrane, in the ﬁid-
zone of the cell. Contractile vacucles not observed., Assimilate
granules few.

Gales Creek: Present in 5 samples from August and December, 1965,

meschaline, from 2 to 14° /o0 salinity.

The features distinguishing these cells from those classified
as {, vectensis Butcher (1959) are the cell wall separated from the

protoplast by a hyaline area, and the large bulging stigma.

Chiamydomonas sp. "d"
(P1. 21, £. 152 a-b)

Cells moderate in size, body broadly elliptical to ovoid-ellip-
tical, both ends rounded, bearing a broad flattened apical papilla.
Length 7-16 p, width 6-15 pu. Cell wall thin, smooth, in contact with
the protoplast. Flagella 2, 1-1 1/2 times the body length, inserted at
either side of the flattened papilla.

Chloroplast green, granular, deeply campanulate with narrow sides,
enclosing a large broad sinus with a narrow anterior opening. Pyrenoid
apparantly absent. Stigma moderately large, red, elliptical, supra-
median. Contractile vacuoles not observed. Small assimilate granules
scattered along the inner surface of the chloroplast.

Gales Creek: Present from January to April and perhaps July and
August; observed in 10 samples from @ to 8%/00 salinity, and
questionably in 33 more samples (including 18 glutaraldehyde
preserved samples) up to 27%/ 0 salinity and densities up to 244

cells/ml.

These cells do not fit Chlamydororas mediocris Skuja (see Huber-
Pestalozzi, 1961) because it is a somewhat larger species that does

not have as broad an apical papilla, or (. depauperata Pascher (see
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Huber-Pestalozzi, 1961) because of its thicker chloroplast, spherical
shape, and more elongate stigma, though both these species are rather
similar in general form to the Gales Creek specimens.
Chlamydomonas sp. "e"
(P1. 21, f. 153)

Cells large, body broadly elliptical with rounded ends, no obvious
apical papilla. Length 20p, width 17u. Cell wall very thin, smooth,
in complete contact with the protoplast. Flagella 2, somewhat longer
than the cell.

Chloroplast green, granular, a thin parietal mantle with a small
opening apically and perforated by several large circular holes.
Pyrenoid absent. Stipgma moderate in size, bright red, elliptical,
supra-median. Several dark irregularly elliptical assimilate bodies
present. Contractile vacuoles not observed.

Gales Creek: Present in one July sample at 0°/oo salinity.

This distinctive organism is somewhat like (. perforata Pascher
& Jahoda (see Huber-Pestalozzi, 1961) which also has a thin perforated
chloroplast, but is smaller (11-13u in length), has a thick cell wall,

and is ovoid with an acutely pointed apex.
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Ecological Conditions Affecting Phytoflagellate Distribution

Fach time a water sample was collected for live counts, measure-
ments were made of water temperature, salinity, oxygen concentration and
pH. A Secchi disc measurement at each station also gave an indication
of the degree of light penetration. From these data it was possible to
gain some awareness of the range of tolerance of the more frequently
occurring phytoflagellate species with respect to these physical factors.
These data do not, however, indicate how well the populations were
adapted to these conditions. That would require information on the
growth and productivity of the species, not simply on their presence or

absence.

Temperature - It is difficult to separate the influence of tempera-
ture from that of light and other factors which vary seasonally when
enly field data are available. Thus the determining of whether temp-
erature response is the prime factor responsible for the temperature
ranges exhibited by Gales Creek phytoflagellates must await gradient
studies in the laboratory. A number of species, however, did appear to
fall into three general groups, and have been classified warm, moderate,
and cold terperature species. Those species occurring in more than 10
samples are grouped according to this classification, with temperature
range and number of samples invelved, in Table 5.

There is an overlap of some ten degrees between the cold and warm
temperature groups. The range of the cold temperature species was
slightly greater than the range covered by the winter samples {(3-18°C).
The warm temperature species range was essentially that cevered by the
spring samples (13-34°C), while the range for the moderate temperature
species was like that for the autumn samples (13-26°C).

Seven of the 15 warw temperature specles are included in the char-
acteristic seasonal associations of Gales Creek {compare Table 3}, as

are 2 of the 3 moderate temperature species, and 1 of the 6 ccld
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temperature speciles. One warm temperature specles was dominant in

summer, and one cold temperature species was dominant in early spring.

Table 5
CLASSIFICATION OF SPECIES ACCORDING TO TEMPERATURE TOLERANCE

TEMPERATURE NUMEER CHARACTER~
SPECIES RANGE OF ISTIC DOMI-
°C SAMPLES SPECIES NANTS

Warmw Temperature Species

Katodinium asymmetricum 11-32 21
Gymodinium nelsont 12-29 51 *
Gymodinium danicans 13-32 120 *
Prymnesiurm parvum 14-30 14
Gymiodinium subrosewr 14-32 43
Calycomonas ovalis 14-33 81 X
Gyrodinium peZ%uetdum} 15-32 126 *
Gyrodinium dominans
Gyrodinium wicatenwn 16-30 18
Gymmodinium roseostigma 17-33 19
Peridiniur aciculiferum 17-33 23
Gymodintum verruculosun 18-32 43
Olisthodiscus carterae

var. olivaceus 20-32 46 * akal
Gyrodinium estuariale 20-33 24 *
Chlamydomonas sp. "b" 27-32 24

Mcderate Temperature Species

Prorocentrum micans 14-24 21
Pavlova gyrans

var., simplex 14-25 42 *
Nerhrochloris salina 14-25 28 *

Cold Temperature Species

Heterocapsa triquetra 3-18 61 * k%
Chrysochrorulina sp. 3-18 10
Fxuviaella marina

var. adnatodens 10-19 20
Peridinium trochoideum 3-20 36
Euglena ehrenbergii 6-21 10
Hymenomonae carterae 6-22 25

Those species which were not limited in their distribution by any
terperature measured in the estuary have been classified as eurythermal
species, and are presented in Table 6, along with temperature range and
number of samples involved. These are the species which are well

adapted to the variable thermal environrent of Gales Creek. (It must



234

be kept in mind, however, that some species in Table 5 may have not
shown a eurythermal distribution because of factors other than tempera-
ture limiting their range.) It is therefore not surprising to find that
12 of the 16 eurythermal species in Table 6 were represented in the
characteristic seasonal associations of Gales Creek (compare Table-B),

and that 5 of these were also dominant species.

—_— = = == o —

Table 6
SPECIES WITH EURYTHERMAL TEMPERATURE TOLERANCE
. TEMPERATURE NUMBER CHARACTER~

SPECIES RANCE oF ISTIC DOMI-
°C SAMPLES _ SPECIES NANTS

Hemiselmis virescens } 4-33 140 x *k
Chrocmonas caroliniana
Cryptomonas erosa 4-31 26
Frorocentrum mininumn 3-31 60 * kK
Eruviaella compressa 6-133 45
Cymnodinium galesianum 9-32 101 *
Katodiniur rotundatum 3-32 103 * * &
Gyrodinium metum 4-33 78
Apedinella radians 3-32 15
Heteromastix pyriformis 3-33 70 *
Byraminonas plurioculata 4-30 17 *
Pyramimonas micron 3-33 83 *
Pyramimonas torta 3-33 42 *
Pyramimonas groesii 3-32 18 *
Tetraselmis gracilis 3-34 69 *
Chlamydomonas vectensis 4-32 99 * kk

Salinity - 84 phytoflagellate species were present in enough sam-
ples to draw some conclusions about their salinity tolerances. These
species appeared to fall into six basic salinity groups, with the im-
portant cut-off points for the tolerance ranges coming at 5, 15, and
2§kn salinity. The tolerance range for these groups and the number of

species comprising each of them are presented in Table 7.
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Table 7
SALINITY TOLERANCE GROUPS
NUMBER {01igo) {Meso) éPoly) (Eu)

SALINITY TOLERANCE OF SALINITY IN /oo '

GROUP SPECIES 0 &= 5 < > 15 < > 25 < > 35
Oligohaline 6 Rk kK Kk
0ligo-Meso-Polyhaline 5 ®okkdd hok ARk kk kkkokok kkkk ok
Meso-Polyhaline 2 EEETUET L TR EEE F
Meso-Poly-Euhaline 22 Kkdekkdk hk hhkhk hdkkkhkkk ok ko k&
Poly-Euhaline 20 Fkk Aok hk dokkdok kdok dok k&
Euryhaline 29 KR KRR KRR KK TAR K hhkhhk Ak kkk khkkk khk
Total # of species 84 — = D
in each salinity range: 30 58 79 72
## of samples in each range: 91 30 1601 107

The species comprising these six salinity groups are presented in
Table 8, along with the number of samples involved for each species.
How well each species may have been thriving within its salinity range
is suggested in Table 11, where, for each species present in 4 or more
samples, maximum cell concentrations are graphed on a log scale

against salinity.

Table 8
CLASSIFICATION OF SPECIES ACCORDING TO SALINITY TOLERANCE

NUMBER CHARACTER~
SPECIES oF ISTIC DOMI =~
SAMPLES SPECIES NANTS

Oligohaline Species (0-5°/c0)

Cryptomonas borealis
Cryptomonas croatanica
Synura uvella
Merotrichia capitata
Vacuolaria virescens
Trachelomonae intermedia

L= N VR L A -

Oligo-Meso-Polyhaline Species (0-250/00)

Cryptomonas eroca 26
Cryptomonas testacea 32 *
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Table B
(continued)

NUMBER  CHARACTER-
SPECIES oF ISTIC DOMI-~
SAMPLES SPECIES  NANTS

Olisthodiscus carterae

var. clivaceus 46 % *k
Buglena mutabilis 7
Trachelomonas hispida

var. punctata 5

Meso-Polyhaline Species (5-250/00)

Gyrodintum aureolum 25 *
Olisthodiscus carterae 17

Meso-Poly-Euhaline Species (5—350/00)

Exuwviaella compressa 45
Amphidinium cragsum 28 *
Amphidinium klebsi 35
Gymuodiniwn graetilentum 19
Gyrodinium estuariale 24
Gyrodinium pellucidum 136 *
Gyrodinium dominans
Gy rodinium uncatenum 18
Peridinium trochoideum 36
Peridiniwr acieuliferum 23
Peridinium brevipes 58 *
Hymenomonas carterge 25
Chrysochromulina minor 55 x
Chrysochromulina kappa
Pseudcpedinella pyriforme 25
Apedinella radians 15
Ochromonas caroliniana 11
Nephrochloris salina 28 *
Euglena ehrenbergii 10
Pyramimonas grossii 18 *
Pyramimonas torta 42 *
Pypramimonag mieron _ 83 *
Poly-Euhaline Species (15-35%/c0)

Chroomonas baltica 23
Exuviaella marina

var. adnatodens 20
Dinophyeis acurinata 7
Amphidiniwr machapungarum 8
Gymmodinium nelsoni 51 *
Gymmodinium verruculosum 43
Symmodiniwr subroseum 43

Gyrodiniwr metum 78
Syrodinium resplendens 6
Gyrodinium mandulum 9
Polykrikos kefoidi 8
Coclia obliquuwm 5
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Table 8
(continued)

NUMBER  CHARACTER-
SPECIES OF ISTIC DOMI-
SAMPLES SPECIES  NANTS

Ebria tripartita 21

Parachrysidalis estuariale 10
Prymmesium parvum 14
Chrysochromulina sp. 10
Calycomonas wulffid 18
Euglena pumila 9
Pyramimonas amylifera 21
Tetraselmis eontracta 5

Euryhaline Species (0-350/00)

Hemiselmis v'iz’esc':'er.ts } 140 * k%
Chroomonas caroliniana
Chroomonas amphicxeia 125 *
Chroomonas minuta

var. apyrencidosa 71 * *k
Cryptomonas pseudobaltica 85 *
Cryptomonas rostrella 9
Cryptomecnas ovata 8
Prorocentrum micans 21
Prorvocentrum minimam 60 * *%
Gymnodintum etellatum 7
Gymnodiniwn danicans 120 *
Gymnodinium roseostigm 19 *
Gymodiniurm galesianwr 101 *
Katodinium rotwndatum 103 * *ek
Katodinium asymmetricum 21
Heteroecapsa triquetra 61 * * %
Goniaulax diacantha 38
Paviova gyrans var. simplex 42 *
Calycomonas ovalis 81 *
Eutreptia viridis 86
Eutreptia lanowii
Buglena proxim 21 *
Heteromastix pyriformis 70 *
Pyramimonas plurioculata 17 *
Tetraselmis gracilis 69 *
Tetraselmis maculata 31 *
Chlamydomonas bourellyi 7
Chlamydomonas vectensis 99 * k%
Chlamydomoras sp. "a" 33 *
Chlamydomenas sp. "b" 24 *

The salinity extremwes are difficult to separate from other seasonal
effects, for low salinity samples were relatively few in auturn, while
high salinity samples were rare in late winter, spring and sunmer.

With more observations, a number of species from the middle salinity
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ranges may be found to have tolerances that extend into oligohaline or
euhaline waters., Least likely to be found with any wider a salinity
tolerance are the species in the oligohaline group, for these appear to
be essentially fresh water species introduced into the estuary from
upstream.

0f the species comprising the characteristic phytoflagellate assoc-
iations of the estuary {(compare Table 3), only 3 were not found in
euhaline waters, while 11 were not found in oligohaline waters. The
remaining 23 were all euryhaline species, apparently adapted to all
salinities occuring in the estuary.

The tolerance of some specles to rapid changes in salinity was
apparent in those cases where cell concentrations above and below sharp
haloclines could only indicate that cells of these species were swimming
through a 15 to 25%/00 salinity gradient in a decimeter's distance.

This situation was observed for Prorocentrum minimum, Heterocapsa tri-
quetra, Paviova gyrans var. simplex, Olisthodiscus earterge, var.
olivaceus, Eutreptia lanowiti, Pyramimonas micron and Chlamydomonas
veetensis.

Few species of phytoflagellates were contributed by the fresh water
inflow, but many could have been introduced with the saltwater inflow
from the euhaline sound. From only 35 samples of euhaline water in the
estuary a total of over 43 species, other than the 29 euryhaline
species, were present, while 9] samples of oligohaline water contained
a total of only 1l non-euryhaline species.,

The estuary, however, 1s probably more important than the sound as
a reservolr and source of phytoflagellates. 1In the 173 water samples
measured between 15 and 300/00 salinity were found 105 species of phyto-
flagellates, over 2/3 the total from the creek. In this range are the
only salinities always encountered in large volumes of water im the
estuary, even in periods of heavy fresh water runeff, if only in the
lower reaches. The constancy of these conditions is attested to by the
large number of species adapted to them. These phytoflagellates
actively growing in the estuary could be an important seed source for

populating the adjacent sound whenever conditions there became favorable.
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Oxygen - A number of samples, taken from bottom waters during the
warmer part of the year from May to September, contained less than
1 ppm oxygen. For phytoflagellate species without photosynthetic capa-
bilities absence of oxygen would impose an important stress. Of in-
terest, then, are non-chromatophored species found in these particular
samples. These species are presented in descending order of frequency
in Table 9, along with the percentage of samples below 1 ppm 02 out of

the total number of samples examined.

Table 9
NON-PHOTOSYNTHETIC PHYTOFLAGELLATES IN SAMPLES BELOW } ppm OXYGEN

PERCENT OF TOTAL CHARACTER-
SPECIES SAMPLES out of NUMBER ISTIC

_ WITH > 1 ppm 0, OF SAMPLES _ SPECIES
Amphidiniun erassum 25% 28 *
Gyrodinium pellucidum } 8% 136 *
Gyrodinium diminans
Gymodinium verruculosunk 7% 43
Gymodiniwm subrosewm 5% 43
Calycomonas ovalis 4% 81 *
Gyrodinium metum 4% 78
Gymnodinium galesianum 3% 101 *

* Possesses a small pale yellow-green plastid

For most of these species, only a small percentage of the samples
were from essentially anoxic waters, and cell concentrations in these
samples were low enough to be accounted for by mixing or migration of
cells down from more oxygenated water layers. The interesting exception
is Amphidinium crassum, which was present in 7 anoxic samples with con-
centrations up to 14 cells/ml. Perhaps this species is adapted to such
conditions through some kind of capacity for anaercbic respiration.

All species present in anoxic water samples are indicated in
Table 11,

Light Extinction - Samples collected from depths calculated by

Secchl disc readings to be receiving less than 1% of surface radiation
(le) were considered possibly to have been below the compensation

depth, and therefore photosynthetic phytoflagellates found at these
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depths may have been especially adapted to low light intensities. The
Secchi disc calculations gave only the minimum possible depth for 1%
incident light, however. It may actually have been deeper, since pro-
per calculations from a Secchi disc depend on a uniformly mixed column
of water, and in Gales Creek there was often tannin-stained fresh water
at the surface with clear more saline water lying below.

The potentlally interesting photosynthetic phytoflagellates are
listed in Table 10 in descending order of frequency with respect to the

percentage of samples found occurring below the 1% incident light level.

Table 10
PHOTOSYNTHETIC PHYTOFLAGELLATES IN
SAMPLES BELOW lZ_QE SURFACE RADIATION

PERCENT OF TOTAL CHARACTER~
SPECIES SAMPLES out of NUMEBER ISTIC DOMI-
WITH > 1% Z OF SAMPLES SPECIES NANTS

Cryptomonas ovata 50% 8
Cryp tomonas borealis 507 6
Trachelomonas intermedia 33% 6
Gymmedinium verruculosum 19% 43
Chlamydomonas sp. "a" 10% 33 *
Euglena proxima 10% 21 *
Eutreptia viridie
Eutreptia lanowii 6% 86 *
Hemiselmis virescens
Chroomenas caroliniana } 2 140 * *
Gymnodintum danicans 5% 120 *
Chlamydomonas vectensis 5% 99 %* ok
Pyramimonas micron 5% 83 *
Heteromastix pyriformis 4% _ 70 *
Olisthodiscus carterae

var., olivaceus 4% 46 * *%
Katodinium rotundatum 3% 130 * *%
Tetraselmis gracilis 3% 69 *

JE— i ——

Cell densities of most of these species in the low-light samples
were under 1 cell/ml, and were therefore of marginal significance,
accountable by mixing or migration of cells down fror the photic zone
above. However, the 5 low-light samples of the Eutreptia species con-
tained up to 42 cells/ml, the 7 samples of Hemigelmis-Chroomonas up to
47 cells/ml, and the 3 samples of Katodiniwr rotwmdatum up to 130
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cells/ml, which suggests the possibility of some adaptations to low
light intensity by thege speciles. Probably of most significance, how-
ever, 1s Cymcdinium verruculosum, with its faint yellowish-green plas-
tid, which only achieved a maximum concentration of 5 cells/ml but was
present in 8 samples, the largest number of low-light samples for any
species.,

All species present in samples calculated to have received less

than 1% incident light are indicated in Table 11.

pH - Most of the plankton samples were obtained from brackish
water, and therefore were buffered sufficiently that the pH ranged only
from 7.4 to 8.3, This was not a broad encugh variation to permit any
conclusions to be made concerning pH tolerance of species. All the sam-
ples present at pH levels less than 7.0 were also oligohaline (from
0*50/00 salinity), which made it impossible in these instances to sep-
arate pH adaptation from salinity tolerance. Only with laboratory ex-
perimentation can the influence of pH on the distribution of these

species be ascertained.

Nutrients - Since nutrient samples were not taken with each live
plankton sample, no attempt has been made to correlate between nutrient
concentrations and specific phytoflagellates., The main conclusion that
can be drawn from the nutrient data is that at times of greater
Nitrogen to Phosphorus ratios - in early spring and mid summer -~ there
were also larger concentrations of phytoflagellates.

Though phosphate levels also were low, the often exceptionally low
nitrogen levels in the estuary (and consequently the generally very low
Nitrogen to Phosphorus ratio) and the rapid flushing rate of the creek
appear to be the factors most responsible for the low standing crops

attained during the year.

Extremes of salinity and temperature appear to have importance in
circumscribing the seasonal and spacial distribution of numerous Gales
Creek phytoflagellates. Many of the characteristic speciles of Gales
Creek have eurythermal and euryhaline tolerances, but even these species

do not continue to be present in the plankton throughout the year.
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Other environmmental factors or combinations of factors, such as nutrient
availability, light intensity, or factors not measured in this study,
must be placing limits on their seasonal distribution.

For these species to survive adverse conditions in the estuary
they must develop some form of resistant resting stage and await the re-
turn of favorable conditions. These resting stages usually take the
form of thick walled cysts, produced sexually or asexually, as is com-
mon in the dinoflagellates, chrysophytes and xanthophytes among others.
Such resting bodies would then sink to the bottom and lie dormant in
the surface mud. Other species may form palmelloid colonies on sub-
merged objects, as can occur in the cryptomonads and motile green
algae. However, some specles may alternate their plankton motile stage
with a non-motile benthic epiphytic or endophytic vegetative phase in
which blocks or masses, or even filaments of cells are formed. This
has been demonstrated by culture work in the case of Hymenomonas
{Cricosphaera) carterae (Parke, 1961; Rayns, 1962; Boney & Burrows,
1966), where a non-motile sedentary phase exhibits a range of forms in-
cluding Chrysonema-, Gloeochrysis-, Apistonema- and Chrysotila-like
multicellular stages. The motile phase of this species was absent
from Gales Creek samples in summer, which must therefore be the season
when the sedentary phase dominates the 1ife cycle. Such an alternation
of life forms may also occur in other species in the creek as well, and
certainly deserves investigation by future workers.

If most of the characteristic species of the estuary survive un-
favorable seagsons by means of various resting stages in the creek,
rather than relying on reintroduction from outside sources for re-
population, then even at these times it should be possible to encourage
reappearance of the motile forms in the laboratory by exposing cultures
from benthic samples to artificial conditions similar to those of more
favorable seasons. A few such culturing experiments were attempted
during part of this investigation but did not meet with success, so

this continues to remain an interesting area open to further study.
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Table 11

TOLERANCE OF SPECIES TO SALINITY RANGE,
LOW OXYGEN, AND LOW LIGHT LEVELS

(Species in 4 or more samples)

103
10
Cells/ml 102
10l
>109%4 1 % '
07 10% 20% 30%.
Salinity
5 = Balinity Range, correlated with greatest cell cencentrations
Vertical scale: Cells/ml in powers of 10
Horizontal scale: Salinity in %.
R = Total number of samples observed
0 = Low Oxygen
Upper number: Number of samples with 1 ppm or less Oxygen
Lower number: Greatest concentration of cells/ml
L = Low Light
Upper number: Number of samples with 1% or less Incident Light
Lower number: Greatest concentration of cells/ml
SPECIES s XN 0
Cryptophyceae
Hemigelmis virescens 140 7
Chroomonas caroliniana 775
Chroomonas baltica 1 23 0
Chroomonias minuta
var. apyrernoidosa 710
Chroomorias amphiozeia 1 125 -%
Cryptomonas peeudobaltica 1 85 -%
Cryptomonas restrella j g 0

-
-
-
-

Cryptomonas cvata

|
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SPECIES

Cryptomonas erosa

Cryptomonas borealis

Cryptomonas testacea

Cryptomonas croatanica

Dinophyceae

Prorocentrum micans

Prorocentrum minimum

Exuviaella compressa

Exuviaella marina
var. adnatodens

Dinophysis lachmanni

Amphidiniun crassum

Amphidiniwn klebsi

Amphidinium machapungarum

Gymnodinium stellatum

Gymmodiniun nelsoni

GCyrmodinium danicans

Gymodinium verruculosum
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Table 11
(continued)
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Table 11
(continued)

SPECIES S X
Gymnodinium gracilentum 1 19
Gyrmodinium aurantium 1 4
Cymnodinium roseocstigma il 19
Gymnodinium subroseuwn 1 43
Gymnodinium galesianum 1 101
Gymnodinium agaricoides 1 8

T L L] F

Katodiniun rotundatum 1 . 103
Katodinium asymmetricwn i 21
Gyrodinium aureolum 3 25
Gyrodinium resplendens 1 6
Gyrodiniwn uncatenum 1 18
Gyrodinium estuariale i _ 24
Gyrodinium metum i 78
Gyrodiniwn pellucidum 136
Gyrodinium dominans

Polykrikos kofoidi i 8
Glenodinium rotundum 1 18
Glenodinium danicum 3 6
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Table 11

(continued)

SPECIES

Heterocapsa triquetra

Peridintum trochoideum

Peridinium aciculiferunm

Peridinium brevipes

Gontaular diacantha

Haptophyceae

Parachrysidalis estuariale

Prymmesium parvum

Chrysochromuling minor
Chrysochromlina kappa

Chrysochromuling sp.

Hymenomonas carterae

Chrysophyceae

Oearomonas careliniana

Paviova gyrans
var. simplex

Psevudopedinella pyriforme

Apedinella radians

Calycomonas wulffit

R
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Table 11
{continued)
SPECIES s N o L
Calyeomonas ovalis g1 3 2
3 12
Ebria tripartita % 21 O 0
Xanthophyceae
Nephrochloris salina i - 28 0 0
Olisthodiscus carterae 1 17 0 %
Olisthodiscus carterae
var. olivaceus 46 2 2
122 36
Euglenophyceae
Eutreptia viridis g -2 3
Eutreptia lanowii 15 42
. 2
EBuglena proxima i 21 0 i
Euglena mutabilis 1 7 0 0
Buglena ehrenbergit 1 10 0 0
T L] L i L
Euglena pumila 1 5 0 0
Trachelomonas hispida
2
var. punctata 5 3 0
Trachelomonas intermedia i 6 0 %-
Prasinophyteae
Heteromastix pyriformis 1 . 70 0 %
Pyramimonas groseii 1 18 0 -%



SPECIES

Pyramimonas

Byramimonas

Pyranimonas

Pyramimonas

Tetraselmis

Tetraselmis

Tetraselmis

Chlorophyceae

torta

miaron

plurioculata

amy i fera

acontracta

gracilis

maculata

Chilamydomonas bourelly’

Chlamydomonas vectensis

Chiamydomonas sp. "a

t_H

Chlamydomonas sp. "b"
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Table 11

(continued)
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SUMMARY AND CONCLUSIONS

The qualitative and quantitative aspects of an annual phyto-
plankton cycle in Gales Creek, a small shallow natural coastal plain
estuary on the North Caroclina coast, is described based on data
obtained from 29 cruises from August 1965 to November 1966, with
samplings at approximately bi-weekly intervals from six stations
along the estuary.

General physical and biological characteristics of the estuary
are described. Basic environmental parameters of the estuary deter-
mined by hydrographic sampling included measurement of temperature,
salinity, oxygen, secchi disec depth, pH, chlorophyll, and the nutri-
ents nitrate, nitrite, ammonia, total nitrogen, inorganic phosphate
and total phosphorus. 20 formalin preserved net samples were used
for deterwining the qualitative seasonal diatom composition of the
plankton, and over 480 water samples were used for live qualitative
and quantitative estimation of the phytoflagellates and their seasonal
distribution.

Gales Creek was found to have a high flushing rate with a tidal
exchange ratio of 0.43, though water is apparently retained longer
in the estuary than this figure would imply because in the upper
portions of the creek the water masses mainly move back and forth
with the tide. Mixing and dilution are still rapid, though, and only
fast-growing broad-tolerance species attain any appreciable standing
crop, while during periods of heavy fresh water runoff even these
species are greatly diluted.

Temperatures in the estuary ranged from 3 to 3400, while sali-
nities went from 0 to 3?0/00. Stratification of the upper portions
of the creek was strong, with a sharp halocline between the fresh
surface water which was stained with humic substances, and the under-
lying clear brackish water. Winter and summer were seasons of heavier
fresh water runoff and lower salinities in the creek. Highest salinities

occurred during the dry autumn season.
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During periods of heavy fresh water runcff the darkly tannin
stained water sharply attenuated light transmission. However, the
extreme shallowness of the estuary tended to counterbalance this
effect, so that few samples were considered to be below the compensa-
tion depth for photosynthesis. Anoxic conditions occurred in bottom
waters in the upper regions of the creek from late spring to the end
of summer, posing a possible stress for species without anaercbic
capabilities and/or lacking chloroplasts. In all but the most
oligohaline waters pH was well buffered by seawater and was not
considered to be a limiting environmental factor.

Both nitrogen and phosphorus showed low concentrations in spring
and autumn, which correlated with the periods of low fresh water
runoff, while highest concentrations of these nutrients occurred in
sumner. Nitrate values were low compared to phosphate, as revealed
in the yearly NO3/P0O, average for the estuary of only 3.75:1. Low
nitrogen has been reported from other waters in the region and is
considered an important limiting factor.

In terms of number of taxa represented, the Bacillariophyceae
was the most important class of phytoplankton present in Gales Creek.
Listed with references are a total of 187 diatom taxa identified
from the preserved net samples, of which 49 were centric diatoms,
and 138 were pennate diatoms. They exhibited a classical bimodal
pattern of seasconal abundance, with population maxima in spring and
autumn. The most important spring dominant was Skeletonema costatum.
Chaetoceros lorenzianus and (. teres were important species in both
the spring and autumn seasons. Coscinodiscus granii was a typical
summer and autumn speciles. Chaetoceros curvisetus dominated the
autumn plankton. High autumn concentrations of Rhizosolentia ealcar-
avis and Ceratequlina bergoni occurred in 1965 butnot 1966, indicating
that variable conditions must occur in the creek from year to year.

Throughout most of the year diatom concentrations were less than
those of the phytoflagellates, which, in terms of total standing
crop, were the most important group of plankton in the creek. The
yearly average for total phytoflagellate density was 5 x 10° cells/
liter, a low standing crop value compared with densities reported

from other estuaries on the eastern coast. These low concentrations
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are considered to be the consequence of two major limiting factors,
low available nitrogen concentrations and high flushing rate of the
estuary. The lowness of the figure, however, may partly be due to
absence of measured diatom densities. The most stable region in terms
of cell densities was the mixing basin, while the most variable

was the headwaters, subject to periodic influxes of fresh water.
Highest phytoflagellate concentrations occurred in the middle reaches,
where the disruptive effect of freshwater inflow is lessened and the
tidal influence does not strongly dilute the populations with each
exchange.

The phytoflagellates were distributed among nine classes of algae,
with the most important of these being the Dinophyceae with 76 species.
These nine classes included a total of 152 species of phytcflagellates
in 49 genera. These are described and figured from the Gales Creek
material, and include 32 species, 4 varieties, and 6 combinations new
to science. Characteristic spring species included Prorocentrum
minimum, Heterocapsa triquetra, Pavlova gyrans var. simplex and
Nephrochloris salina in early spring, and Chroomonas minutq var.
apyrenocidosa and Amphidinium erasswn 1in late spring. The broad late
summer—early autumn peak of abundance was characterized by Chroomoras
earoliniana, Chroomonas amphiczeia and Chroomonas minuta var. apyre-
noidosa, Katodinium rotundatum, Gyrodinium pellucidum and Gyrodiniwm
dominans, Calyeomonas ovalis, Olisthodiscus carterae var. olivacea
and Pyramimonas micron. Late autumn saw an abundance of the prasino-
phytes Heteromastix pyriformis, Pyramimonas micron, P. torta, P.
plurioculata, and Tetraselmis gracilis, along with two species of
Chrysochromulina and a reappearance of Pavlova gyrans var. simplex.
Chlamydomonas vectensie was important in both spring associations,
the maximum summer peak and the late autumn community. Winter saw
abundant concentrations achieved by Katodiniwnm rotimdatum, Hetero-
ecapsa triquetra, and Pyramimonas grossii.

The highest cell densities of any species in the estuary were
attained by Olisthodiscus carterae var. olivaceus, which reached
8 x 107 cells/liter in August. This concentration is still under the
figure 3 x 108 cell/1iter given by Hulburt (1970) as the density below

which maximum size nutrient depleted zounes about plankton cells cannot



252

overlap, and therefore where there is no possibility of an abundant
species monopolizing the nutrient supply and forcing a less abundant
form to extinction, thereby reducing diversity. According to this
criterion there is noncompetition for nutrients in Gales Creek,
fluctuation in species abundance is benign, and a great array of
species exists in harmony limited only by physical factors in the
environment. This of course could change should the estuary become
enriched by organic wastes.

Eurythermal and euryhaline tolerances appeared to be characteris-
tic for most of the important phytoflagellate species in the creek.
For those characteristic species where enough samples were available
for correlation, 1l species were considered eurythermal, having been
collected from the entire range of temperatures that occurred in the
estuary, 5 were from warmer waters, 2 were from intermediate tempera~
tures, and 1l was collected only from colder waters. 21 of the charac-
teristic species were considered euryhaline, having been collected
from the entire range of salinities encountered in the estuary,
while 10 more were absent only from oligohaline waters. Few species
of phytoflagellates are contributed to the estuary by the fresh-
water inflow, while many more are probably introduced with the tidal
exchanges from the adjacent euhaline sound. Over 2/3 of the species
in the creek were found in water samples between 15 and 30 0/00
salinity. The only salinities always encountered in large volumes
of water in the estuary are in this range. 105 species appeared to
be adapted to these brackish conditions, which attests to the relative
constancy of these conditions in this fluctuating environment.

The present investigation has concentrated mainly on the phyto-
flagellates. Now that this study has made available descriptions,
references, jillustrations, and distribution data for these impertant
estuarine species, together with a list with references and distri-
bution for the diatoms, and descriptiom of a simple yet reasonably
accurate method for plankton identification and enumeration, it should
be much easier for new studies in southern brackish waters to be
initated which can encompass the entire phytoplankton community.

This study has pointed up a number of other important areas which
such future investigations should also include, among them the

dynamic questions of the turnover rates of important nutrients,



253

phytoplankton productivity and growth, and the relative importance
of the benthic diatom algal layer in these shallow esturine systems.
It is important that many more estuarine studies be done to broaden
our understanding of these areas so important to the ecology of our
southern coastal waters, before they tooc should become subject to

increasing pollution and destruction rising out of man's ignorance.
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PLATE I

{Class Cryptophycene)

Fig. 1. Hemiselmis virescens Droop . . « + + « + « « « . . p. 103
a-b. Lateral views

Fig. 2. Chroomonas carcliniand sp. nov. . . . « + » + . . p. 104
a-c. Ventral views, various cell forms
d. Apical view
e. Lateral view
f. Farly division stage, cell with 2

chromatophores and 2 stigmas
g-h. Later division stages

Fig. 3. Chroomonas baltica (Buttner) Carter . . . . . . . p. 106
a, Ventral view
b. Lateral view

Fig. 4. Chroomonas minuta, comb. nov., Var.

apyrevoidosa Hulburt . . . . . . 4 . . . 4« . . . p. 107
a-f. Lateral views, varicus cell forms

Fig. 5. Chroomcnas amphioxeia (Conrad) Butcher . . . . . . p. 108
a—-e. Lateral views, variocus cell forms

Fig. 6. Cryptomonas pseudobaltica Butcher . . . . . . . . p. 109
a-e. Lateral views
f. Ventral view
g. Surface view showing pellicular pattern
h. Ventral view of anterior furrow and gullet
i. Apical view of anterior furrow

Fig. 7. C(ryptomonas erosa Ehrenberg . . . . . « . . . . . p. 115

a-b. Lateral views
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Fig. 8.
Fig. 9.
Fig. 10.
Fig. 11.
Fig. 12.
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PLATE 2

(Class Cryptophvceae, cont.)

Cryptomonas cf. rostrellq Lucas . .
a, Lateral view, form most often

encountered

b-c. Lateral views, less common forms

d~e. Lateral and dorsal view of 33y x 154 cell
tentatively placed in this species

Cryptomonas testacea SPp- MOV. . .« . . . .

a. Lateral view, single pyrenoid

b. Lateral view, two pyrenoids

C. Dorsal view, two chromatophores

d. Ventrilateral view, two chromatophores
Cryptomonas borealis Skuja . . . . . . . s e
a-b. Lateral and dorsal view, smaller specimen
c. Lateral view, larged cell

Cryptomonas cvataq Ehrenberg . . . . . . . .
a. Lateral view

b. Lateral view, flagella missing
Cryptomonas croataniea Sp. nov. . . .« . . .

a=-b. Lateral views
Ca Ventrilateral view, two chromatophores

111

113

116

114

1lle
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Fig.

Fig.

Fig.

Fig.

Fig.

13.

14.

15.

16.

17.

18,
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PLATE 3

(Class Dinophyceae)

Prorccentrum micans Ehrenberg . . . . . . .
a. Dorsal view
b Ventral view
c. Lateral view
d

Specimen with large apical tooth, punctate

theca

Prorocentrum minimen (Pavillard) Schiller .
a. Dorsal view

b. Lateral view

c. View of punctate surface of theca

Prorocentrun redfieldi Bursa . . . . . .
a. Dorsal view
b. Dorsilateral view

Exuvicella compressa (Stein) Ostenfeld
a, Ventral view
b, Ventral view
¢. Lateral view

Exuviaella maring var. adnatodens var. nov,
a. Ventral view

b. Dorsal view

c. Lateral view

d. Anterior-lateral view

Sinophysis aff. ebriolunm (Herdman) Balech .
a. Lateral view
b. Dorsal view

+

.
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118

119

119

120

121






Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

19.

20.

21.

22,

24,

25.
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PLATE 4

(Class Dinophyceae, cont.)

Thecadinium aurewn SP- NOV. . .« <« « + « « « & «

a.
b.

Ventral view
Lateral view

Dinophyeie lachmanni Paulsen

a. Lateral view
b. Anterior-ventral view
Dincphysis caudata Saville-Kent . . . . . .

Lateral view

Oxyrrhis maring Dujardin

a.
b-e.
f.

Ventral view
Views of different specimens
Ventral view of early division stage

Protodinium stmplicius Schiller . . . . . . . . .

Ventrilateral view

dmphidiniwn erassum Lohmann . . . . . .« . . .

a.
b.

C.

Ventral view
Apical view
Ventrilateral view

Amphidinium klebsi Kofoid & Swezy

a.

b.

Lo B (I = O

Ventral view

Dorsal view

Ventrilateral view

Dorsal view of dying cell

Ventral view of cell with sub-central stigma
Ventral view of larger cell with flatter
epicone and anterior stigma tentatively
included in this species (see Plate 24,

Fig. 8)

122

123

125

126

126

127

128
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PLATE 5

(Class Dinophyceae, cont.)

Fig. 26. Amphidinium machapungaruwm sp. nov. . . « . « . . p. 130
a. Ventral view
b. Antapical view

Fig. 27. Amphidinium incoloratwm sp. nov. . . + . + « . . p. 131
a. Ventral view
b. Dorsal view

Fig. 28. Gymnodiniwm stellatum Hulburt . . . + . + + + . . p. 131
a. Ventral view
h. Lateral view

Fig. 29. Gymnodiniwn nelsont Martin . . . . + « & 4 4 . . p. 132
a. Ventral view
b-¢. Apical view and ventral view

Fig. 30. Gymnodinium danicans sp. nov. « « « « « + » « + « p. 133
a. Ventral view
b. Ventrilateral view
c—e. Ventral views
f. Lateral view

Fig. 31. Gymodiniwr verruculoswn sp, nov. . . . + . . . . p. 134
a. Ventral view
b. Dorsal view
c. Antapical view
d. Dividing cell

Fig. 32. Gymiodiniwr gractilentum sp. nov. . . + « « « « + p. 135
a. Ventral view
b. Lateral view

C. Dorsal view






Fig. 33.
Fig. 34.
Fig. 35.
Fig. 36.
Fig. 37.
Fig. 38,
Fig. 39.
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PLATE 6

(Class Dinophyceae, cont.)

Gymnodiniwn aurantium Sp. mov. .
a. Ventral view
b-d. Variations in cell form

Gymnodinium valdecompressum sp. nov.

a-b. Ventral and apical views
c-d. Lateral and ventral views

Gymnodinium roseostigma Sp. nov.

a. Ventral view

b. Ventral view

c. Antapical view

d. Ventrilateral view

Gymmodinium subrogewm sp. nov.

a. Ventral view

b. Ventrilateral view

c. Antapical view
Gymnodinium galesianwn sp. nov.
a. Ventral view

b. Ventrilateral view

c~d. Ventral views

Gymnodinium amplinuclewm sp. nov.
a. Ventral view
b. Oblique view

Gymnodinium boguensis sp. nov. .

a. Ventral view
b. Ventral view

P- 136
. p. 137
p. 137
p. 138
p. 139
p. 140
p. 140



PLare 6




Fig.

Fig.

Fig.
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Fig.

Fig.

Fig.

Fig.

Fig.

40.

42.

43.

4i,

45.

47.

48,
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PLATE 7

(Class Dinophyceae, cont.)

Gymodinium lobularis sp. nov. . . .
a. Ventral view
b. Lateral view

Gymnodinium agaricoides sp. nov., . .

a. Ventrilateral view
b. Dorsal view
c. Ventrilateral view

Gymnodinium endofasciculum sp, nov. .
a. Ventral view
b. Lateral view

Gymuodinium translucens sp., nov. . .
Ventral view

Gymodinium hulburtii sp. nov.
Ventral view

Gymnodiniwn sp. "a" . . . . . . . . .
a. Ventral view

b-c. Apical and ventral view
Gyrmodintum sp. "b" . L Lo .. L L.
a. Ventral view

b. Dorsal view

Woloszynskia micra Leadbeater & Dodge
a. Ventral view
b. Antapical view

Katodinium rotundatum (Lohmann) Fott
a-b. Ventral views
c. Lateral view

Katodinium asymmetricum (Massart) Fott
a. Ventral view

b. Antapical view
C. Ventrilateral view

-

141

. 142

142

143

144

. 145

146

147
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Fig. 50.
Fig. 51.
Fig. 52.
Fig. 53.
Fig. 54.
Fig. 55.
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PLATE 8

(Class Dinophyceae, cont.)

Katodinium pluristigmatum sp. mov. . . . . .
a. Ventral view

b. Ventrilateral view
c. Ventral view, flagella absent
Gyrodinium aureolum Hulburt . . . . .

a-b. Ventral and apical view

Gyrodinium resplendens Hulburt . . . . + . .
a. Ventral view
b. Ventrilateral view

Gyrodinium uncatevum Hulbure . . . . . . . .
Ventral view

Lateral view

Ventrilateral view

yrodinium mundulum sp. nov. . . . . . . .
Ventral view

Ventral view, flagella absent

-d. Ventral and dorsal view of smaller cell
with single orange basal body

Nnoe i 00

Gyrodinium estuariale Hulburt . . . . . . . .
a. Ventral view

b. Ventrilateral view

C. Antapical view

d—-e. Dorsal views

£. Ventral view, single plastid

g Ventral view, very large cell

149

150

. 151

152

153

154
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56.

57.

58.

59.

60.

61.

62.
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PLATE 9

(Class Dinophyceae, cont.)

Gyrodintum complanatum sp. nov. . . . . . . .
a. Ventral view

b. Obliquely apical view

c. Dorsal view

Gyrodiniwn carteretensis sp. nov. . . . . . .
a. Ventral view

b. Doxsal view

Gyrodinium cf, metwn Hulburt . . . . . . . .
a. Ventral view

b. Ventriantapical view

c~f. Ventral views showing form variations
g. Lateral view

h. Ventriantapical view

i. Ventrilateral view

j- Dorsiantapical view

k-1 Antapical and ventral view

m~q. Ventral views of various cell forms

Gyrodiniun formosum sp. nov. . . . . . . .

a. Ventral view

b. Antapical view

C. Dorsal view

Gyrodiniun glaebum Hulburt . . . . . . . . .

Ventral view, flagella absent

Gyrodinium katodiniascens sp. nov. . . . .

a.
b-c.

Ventral view
Ventral and lateral view

Gyrodinium pellucidum (Wulff) Martin . . . .

a.
b~d.

Ventral view
Ventral views showing variations in form

. p. 156
+ P 155
. p. 157

p. 157
. p. 158
. p. 159
. p. 160
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64.

65.

66‘

67.

68.

69.
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71.
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PLATE 10

(Class Dinophyceae, cont.)

Gyrodinium domingns Hulburt . . . . . . . . . .

a. Ventral view

b. Ventral view of smaller cell with larger
girdle displacement

Gyrodinium grossestriatum Sp. NOV. . . . . . .
a. Ventral view

b. Cross-section

c. Ventrilateral view

Gyrodiniwm sp. "a" . . . o 000000

a. Ventral view
b. Ventral view, flagella absent

Gyrodiniuwm sp. "b" . . .. .
Ventral view, flagella absent

1m_n

Gyrodinium sp. "¢ . . e e e e e .
a. Ventral view, flagella absent
b. Apical view

Gyrodinium sp. "d" .+« o . o oo o0 0
Ventral view, transverse flagellum absent

n_n

Gyrodinium sp. "e" . . .. C e
Ventral view, longltudinal flagellum absent

Gyrodiniwn sp. "f" . . . . . L. L Lo .
a. Ventral view, flagella absent
b. Ventrilateral view

Gyrodinium sp. "g" . . .

a. Ventrilateral view
b. Ventral view
c. Lateral view

161
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. 163
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75.

76.
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PLATE 11

(Class Dinophyceae, cont.)

Polykrikos hartmanni Zimmermann .

Ventral view, longitudinal flagella absent

Polykrikos kofoidi Chatton . . . . . . . .

a.
b-c.

Ventral view, four zooid colony
Apical and ventral view, two zooid colony

Glenodinium cf. rotundwn {(lebour) Schiller

a.
b.

Ventral view, flagella absent
Ventrilateral view

Glenodinium cf. lentioula (Bergh) Schiller

3.

b.

Ventral view
Antapical view

Glenodinium danicum Paulsen . « . « « . o . .

a. Ventral view

b. Dorsal view

Glenodinium obliquum Pouchet . . . . . . . .
a. Lateral view

b. Antapical view

[

Ventral view

.
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FLATE 12

(Class Dinophyceae, cont.)

Heterocapsa triquetra (Ehrenberg) Stein . . . . . p.

a. Ventral view

b. Ventral view of plate arrangement

c. Cell with flagella absent

d. Obliquely dorsal view of plate arrangement

Peridiniwm trochoidewn (Stein) Lemmermann . . . . p.

a. Ventral view, flagella absent

b. Ventral view of plate arrangement

Peridinium ceiceuliferum Lemmermann . . . . . . . p.

a, Ventral view

b. Obliquely wventral view

c. Antapical view, showing plate arrangement

d. Ventral view

e, Ventral view, very small cell

Peridinium cf. brevipes Paulsen . . . . . . . . . p.
Ventral view, flagella absent

Peridiniwm pentagevwm Gran . . . . . . . . . . . p.

a-b. Ventral and antapical views

c. Lateral view

d. Ventral view

Pepidinium execqvatum Martin . . . . . . + + . . . P.

a~b. Ventral and dorsal views, showing plate
arrangement

C. Lateral view

172

173

174

175

176

177
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Fig.

Fig.

Fig.

Fig.

Fig.

84.

85.

86.

87.

88.

304

PLATE 13

(Class Dinophyceae, cont.)

Goniaulaxr diacanthg (Meunier) Schiller . . . . . p.

a. Ventral view

b. Ventral view, less elongate plastids

C. Ventral view of plate arrangement

d. Dorsal view, reticulately patterned plates

e. Ventrilateral view, showing ventral concavity
Gontaulax spinifera (Clap. & Lach.) Diesing . . . p.
a-b. Ventral and dorsal views of theca

Gontaulaxr ? serippsae Kofoid . . . « . + . . . p.
a. Ventral view

b. Ventrilateral view

Gontaulax lLongicornu Sp. nOV. . . . . . . +« . . . P
a. Ventral view

b. Lateral view

? Gontaulaxr SP. « + 4 o+ 4 v 4 4 e e e e e e e 4 . D
a. Ventral view

b. Aplcal view

177

178

179

180

181
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Fig. 89.
Fig. 90.
Fig. 91.
Fig. 92.
Fig. 93,
Fig. 94.
Fig. 95.
Fig. 96,

306

PLATE 14

(Class Haptophyceae)

Isochrysis aff. galbana Parke

Dorsal view

Parachrysidalis estuariale Hulburt

al
b.

Broad lateral view
Narrow lateral view

Prymnesium parvunm Carter

a.
b.
c.

d.

Lateral view

Lateral view

Surface view, dimples indicating presence
of small scales

Cell with posterior filiform pseudopodia

Chrysochromulina ? mincr Parke & Manton .

a-c.
d.

e.
f.

Lateral views, haptonemas extended
Lateral view, single plastid, retracted
haptonema

Lateral view, coiled haptonema

Lateral view, shortened haptonema

Chrysochromulina 1 kappa Parke & Manton .

al
b.

Lateral view, extended haptonema
Lateral view, haptonema cciled

Chrysochromulinag sp. . . .

a-b.
Ca

Lateral views, haptonemas extended
Lateral view, haptonema retracted

Hymenomonas carterae (Braarud & Fagerland)
Braarud . . . . . . . s e e e

Anterior-lateral view

Hymencmonas roseola Stein .« . . . + .« + + « . .
a. Broad lateral view

b. Narrow lateral view

c~d. Smaller cells tentatively placed in

this species

182

183

183

184

. 185

. 186

. 187

. 188






Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

97.

98.

99.

100.

101.

102.

103.

164,

105.

308

PLATE 15

(Class Chrysophyceae)

Ochromonas cf. nannos Skuja

a=b.

Lateral views

Ochromonas cf. variabilis H. Meyer .

a-d.

Lateral views

Cehromonas caroliniana sp. nov.

a=c.

Lateral views

Oehromonas Sp. « - « +

a.
b.

Lateral view

Surface view, hyaline punctae indicating

presence of scales

Monochrysis lutheri Droop

a.
b.

C.

Pgvlova gyrans var., simplex var. nov.

a.
b-f.

Broad lateral view
Oblique view

Broad lateral view of older cell

Lateral view, trailing haptothrix presen

Lateral views

Pavlova hommersandii sp. nov.

a=b.
c.

Ventral views
Lateral view

Dinobryon sertularia Ehrenbert .

a‘
b.

Cell in lorica

Cell having formed z second lorica

Chrysodidyms gracilis Prowse

a~b.

Lateral views, single cells

.

.

*

-

. 189

. 189

. 130

. 190

191

. 192

153

. 193

. 194
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PLATE 16

(Class Chrysophyceae, cont.)

Fig. 106. Mallomonopsie elliptiea Matwienko . . . . . . . p. 195
a. Lateral view
b. Obliquely anterior view

Fig. 107. Synura uvella Ehrenberg . . . . . . . . . . . . p. 196
a. Colony
b. Single cell from coleny

Fig. 10B. Chromuling 8p. . « « « + & & « + « + « + « » « » p. 196

Lateral view

Fig. 109. Pseudopedinella pyriforme Carter . . . . . . p. 197
a. Lateral view, showing trailing rhlzopod
b, Apical view

Fig. 110. Apedinelia radians {(Lohmann) comb. nov. . . . . p. 198
a. Apical view
b. Lateral view

Fig. 111. Calyeomonas wulffii Conrad & Kufferath . . . . . p. 199
Lateral view

Fig. 112. C(lalycomonas ovalis Wulff . . . . . . . . . . . . p. 200
a. Lateral view
b. Antapical view

Fig. 113. Ebriag tripartita (Schumann) Lemmermann . . . . . p. 200
Broad lateral view

[Rhizopoda]

Fig. 114. Paulinella chromatophora Lauterborn . . . . . . p. 201
a. Lateral view
b. Antapical view
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Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

~ Fig.

Fig.

115.

1l6.

117.

118.

119.

120.

12].

122.

312

PLATE 17

(Class Xanthophyceae)

Nephroechloris salina Carter . . . . . . . . .

a=h.

Ventral views

¢listhodiscus carterae Hulburt

a.
b.
c.

Oligthodiscus carterae var. olivaceus var. nov.

a.
b.
c.
d.
e.

Lateral view, large cell
Lateral view, smaller cell
Dorsal view

Dorsal view

Ventrilateral view

Lateral view

Dorsilateral view, large cell
Dorsilateral view, very small cell

Olisthodigcus magnue Hulburt

Dorsal view

{Class Raphidophyceae)

Merotrichia capitata Skuja .

Lateral view

Vacuolaria vireseens Cienkowski . . . . . . .

Lateral view

(Class Euglenophyceae)

Eutreptia cf. viridis Perty . . . . . . . .

a.
b.
c—d.

Lateral view
Surface view showing pellicle striations
Metabolic variations in form

Eutreptia cf. lanowii Steuer . . . . . . ., .

a=g.

Lateral views showing metabolic
variations in forms

202

203

204

204

205

206

207

208
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Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

123.

124,

125.

126.

127.

128.

129.

314

PLATE 18

(Class Euglenophyceae, cont.)

Fuglena cf. proxima Dangeard . . . .
a-e. Lateral views, showing variatlons in
metabolic forms

Euglena deses Fhrenberg .
Lateral view, flagellum absent

Euglena mutabilis Schmitz . . . Coe
Lateral view, flagellum absent

Buglena ehrenbergii Klebs . . . . . . . .
Lateral view flagellum absent

Buglena pumila sp. nov. . . . . . .+ . . .
a-c. Lateral views
d-g. Various metabolic shapes

Trachelomonas hispida var. punetata Lemmermann .

a. Lateral view of ¢ell in lorica

b. Punctate surface of lorica
Trachelomonag tntermedia Dangeard . . . .
a. Lateral view of cell in lorica

b. Punctate surface of lorica

209

210

< 211

211

212

2113

213
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PLATE 19

(Class Prasinophyceae)

Fig. 130. Heteromastix rotunda (Carter) Manton . . . . . . P. 214
a. Broad-lateral view
b. Antapical view

Fig. 131. Heteromastix pyriformis (Carter) Manton . . . . p. 215
a. Broad-lateral view
b. Obliquely narrow-lateral view

Fig. 132, Pyramimonas groesiil Parke . « . « « . « « « .« » p. 215

a=b. Lateral and apical views, more
elongate cell

c~d. Lateral and apical views, more
ovoid cell

e. Cbliquely lateral view, more pyramidal cell
Fig. 133. Pyramimonas cf. torta Conrad & Kufferath . . . . p. 216
a. Lateral view

b-c. Apical and lateral views, mcre
cunieform cell

d. Lateral view, shortened cell

Fig. 134. Pyramimonas cf. mieron Conrad & Kufferath . . . p. 217
a. Lateral view
b. Lateral view, more broadly ovoid cell
c—d. Lateral and apical views

Fig. 135. PFPyramimonas plurioculata Butcher . . . . . . . . p. 218
a. Lateral view
b. Lateral view, cell with basal red granules
C. Apical view
d. Lateral view

Fig. 136. Pyramimonas amylifera Conrad . . . . . . . . . . p. 218
a. Lateral view
b. Apical view

Fig. 137. Pyramimonas 7 obovata Carter . . . . . . « « . . p. 219

Lateral view

Fig. 138. Pyramimonas sp. . . . . . « v v v v v « v « +« . p. 220

a. Lateral view

b-c. Lateral and apical views
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Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

139.

140.

141.

142,

143,

144,

145,

146.

147,

318

PLATE 20

(Class Prasinocphyceae, cont.)

Tetraselmis contracta (Carter) Butcher . . . . . p.
a. PBroad-lateral view
b. Narrow-lateral view

Tetraselmis gracilis (Kylin) Butcher . .« . p-
a. Broad-lateral view, more delicate cell
b. Broad-lateral view, typical large stigma

Tetraselmis maculata Butcher . . . - « « » « . . D.
a. Broad-lateral view
b. Broad-lateral view of cyst

Tetraselmis striata Butcher . . . + « + « +« + » P

a. Broad-lateral view

b. MNarrow-lateral view

¢. Apical view

Tetraselmis sp. . . « « « v = « 4+ o 4 4 o+ + < P»
Broad-lateral view, flagella absent

(Class Chlorophyceae)

Chlamydomonae ? bourrellyt Bttl . . . . . . . . p.
a. Broad-lateral view

b. Narrow-lateral view

Chlamydomonae ? uva-marié Butcher . . . . . . . D.

a. Lateral view
b. Lateral view

Chiamydomonags 7 vernalis Skuja . . - . P
a. Elongately elliptical cell

b. Broadly elliptical cell

Chlamydomonas 7 gregarid Butcher . R P

a. Lateral view
b. Lateral view

220

221

222

223

223

224

225

226

226
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146




Fig. 148.

Fig.

Fig.

Fig.

Fig.

Fig.

149,

150.

151.

152.

153.

320

PLATE 2

1

(Class Chlorophyceae, cont, )

Chlanydomonas
a-e. Lateral

Ch lamydomorias
a-d. Lateral

Chlamydomonas
a-d. Lateral

cf.
views

Sp- ||all .

views
sp. "b" . .
views

veatensis Butcher . .

. . . - - .

e. Cyst with two daughter cells

Chlamydomonas
a=c. Lateral

Chlamydomonas
a-b. lateral

Chlamydomonas
Lateral

m"_ir

sp. ¢ .
views

Sp- Irdl!
views

sp. e v .
view, with f

. - +

enestra

ted plastid

*

227

. 228

. 229

. 229

230

231
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PLATE 22

(Class Cryptophyceae)

Hemiselmig virescens Droop . « . v . « v v v v v « v + « . P. 103
Lateral views: Fig. 1, X 6400; Fig. 2, X 3600
Fig. 3, X 3000

Chroomonas baliica (Buttner) Carter . . . . . . . « . . . . p. 106
Ventral view: Fig. 4, X 1220

Chroomonas mivuta (Skuja), comb. nov., var.

apyrenoidosa Hulburt . . . . . . . . . . . ... ... ..p. 107
Lateral views: Fig. 5, X 5000; Fig. 6, X 4000
Chroomonas amphioxeia (Conrad) Butcher . . ., , . . . . . . p. 108
Lateral views: Fig. 7, typical cell, X 3400;
Fig. 8, smaller individual,
X 3000; Fig. 9, longer cell,
X 1200
Cryptomonas pseudobaltica Butcher . . . . p- 109

Lateral views: Fig. 10, phase contrast, X 2700;
Fig. 11 & Fig. 12, X 2800

Cryptomonas cf. rostrellaLucas . . . . . . . . . . ... .p. 111
Lateral view: Fig. 13, X 1750, larger cell
tentatively placed in this species
(see P1. 2, Fig. 8 d-e)

Cryptomonas testacea sSp. mov.e . . v v . & . . . . . . . . . p. 113
Fig. 14, lateral view, cell with two pyrenoids,
X 1600; Fig. 15, dorsal and lateral views,
X 1450; Fig. 16, lateral view, smaller individual,
X 14530

Cryptomonas ovata Ehrenberg . I s A K
Lateral views: Fig. 17, X 1850; Fig. 18, X 2200

(ryptomonas borealie Skuja . . . . . v . . .« . . . . . . p. 116
Lateral view: TFig. 19, X 1300

Cryptomonas croatanica sp. nov. . . , o+ s e« v . . . p. 116

Lateral view: Fig., 20, X 1700
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PLATE 23

(Class Dinophyceae)

Prorocentrum micans Ehrenberg . . « « v . « 4+ 4« 4+ v« W P. 117
Dorsal view; Fig. 1, X 1000

Prorocentrum minimum  (Pavillard) Schiller . . . . . . . . . p. 118
Dorsal view: Fig. 2, X 1750

Prorocentrum redfieldi Bursa . . . . . . . .
Fig. 3, lateral view, X 1700; Fig. 4,
view, X 1700

Exuviaella compressa  (Stein) Ostenfeld . . . . . . . . . . p., 119
Fig. 5, ventral view at level of pusule
reservoir, a stigmatic granule and nucleus,
X 1300; Fig. 6, view of same cell a level of
plastid and pyrenoid, X 1300

- » L] . » » p' 119
dorsal

Exuviaella marina var. adnatodens var. nov. . . + + « + « . p. 120
Fig, 7, dorsal view, X 1400; Fig. 8, dorsal view
showing large pusule reservoir, X 1400

Sincphysie  aff, ebriolum (Herdman) Balech . . . . . . . . . p. 121
Lateral view: Fig. 9, X 750

Theeadinium aurewn SPr MOV. v 4 ¢ « o o 4 » s o s v+ + » « Pa 122
Fig. 7, lateral view, Fig. 8, ventral view,
both views X 650

Dincphysis lachmanmi  Paulsen . . . . + + « & + 4 & o + « . p. 123
Lateral view: Fig, 12, X 1300
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PLATE 24

(Class Dinophyceae, cont.}

Oxyrrhis maring Dujardin . . . . . . . . . . « . .op. 126
Fig. 1, dorsal view, phase contrast X 950
Fig. 2, phase, lateral view, X 800;
Fig. 3, ventral view, phase, X 1600

Amphidiniwn eragswn Lohmann . . . . . . .+ . . . . . . . . . p. 127
Lateral views: Fig. 4, X 1650; Fig. 3, X 1350
Amphidinium klebsi Kofoid & Swezy . . . . . . . . . . . . . p. 128

Fig. 6, two cells in ventral view, phase, X 1550;
Fig. 7, three cells in dorsal view, X 1400;

Fig. B, ventral view of larger cell with
flattened epicone, X 650 (Pl. 4, Fig. 25 f)

Gymmodiniwn stellatwm Hulbure . . . . . . . . . . . . . . . p. 131
Fig. 9, obliquely lateral view, phase, X 1250;
Fig. 10, posterior-ventral view, and Fig. 11,
lateral view of same cell, X 1500
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PLATE 25

(Class Dinophyceae, cont.)

Gymmodinium nelsoni Martin . . « v + v & 4 . .

Ventral views: Fig. 1, X 1350; Fig. 2, X 1500;

Fig. 3, with chromatophores radiating from
center of cell, X 700

Gymmodinium danicane  sp. nov. . .
Dorsal views: Fig. 4, X 1250, Fig. 5 X 1200
Fig. 6, X 1100

Gyrmodiniun verruculoswn  sp. nov.
Fig. 7, ventral view, X 1?50 Flg 8
posterior-ventral view, X 1500
Gymnodiniun gracilentun  gp. nov. . R
Ventral view: Fig. 9, X 1750

Gymnodinium subroseum  sp. nov. . . . Coe e
Fig. 10, posterior-dorsal view, X 1450;
Fig. 11, dorsal view, X 1450

Gymnodinium boguensis Sp. nov. ., . . . . .o . .
Fig. 12, dorsal view through to ventral surface,
phase contrast, X 2000; Fig. 13, ventral view,
phase, X 2100

. 132

133

134

135

- 138

« 140
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Katodinium

Katodinium

Gyrodinium

Gyrodinium

Gyrodinium

Gyrodinium

Gyrodiniuwn

330

PLATE 26

(Class Dinophyceae, cont.)

rotundatum (Lohmann) Fott . . . . . . . .

Dorsal view:

asymmetricum

Fig. 1, X 2100

(Massart) Fott . . ,

Fig. 2, obliquely ventral view, X 1400,
Fig. 3, ventral view, X 2000

resplendens Hulburt . . . . . . . . .

Ventral view:

Fig. 4, X 950

wuncgtenum Hulburt . .
Fig. 5, obliquely ventral view, and Fig 6
lateral view of same cell, both X 1350

mandulum  sp.

Ventral views:

carteretensis

Fig. 9, dorsal view through to ventral surface,

MOV ¢« o o o 3 o & o =

Sp. nov.

phase, and Fig. 10, dorsal view of same cell,
phase, both views X 1600; Fig. 11, ventral
view, phase, X 1750

cf. metwn Hulburt . . . C e e e e e

Ventral view:

Fig. 12, X 1650

Fig. 7, X 1600; Fig. 8, X 3400

+

148

. 149

. 151

. 152

153

155

. 157
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PLATE 27

(Class Dinophyceae, cont.)

Gyrodinium pellucidwn (Wulff) Martin . . . « « « « . p. 160
Fig. 1, ventral view, phase contrast, X 1800‘
Fig. 2, lateral view at level of nucleus,
rhase, X 2000

Gyrodinium dominans Hulburt . . . . p. 161
Ventral views: Fig. 3, phase, X 2200
Fig. 4, X 1000

Polykrikos hartmanni Zimmermann . . . . .« 4 v 4 4 4 . . . p. 167
Lateral view: Fig. 5, X 1300

Polykrikos kofoidi Chatton . . v+ . . . p. 167

Fig. 6, ventral view, X 1250 Fig 7.
ventrilateral view, showing nematocysts, X 1000
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PLATE 28

{(Class Dinophyceae, cont.)

Glenodiniwn cf. rotundum (Lebour) Schiller . . . . . . . . p. 167
Ventral view: Fig. 1, X 1250

Glenodinium danicum Paulsen . . . T - S I {1
Two non-motile cells, K 1000

Glenodinium obliquum Pouchet . . . . . v . . . p. 170

Fig. 3, lateral view, X 1250 Fig 4
obliquely ventral view, X 1250

Heterocapsa triquetra (Ehrenberg) Stein . . + . + 4 « . . . p. 172
Fig. 5, ventrilateral view, X 1200;
Fig. 6, ventral view, X 1200

Peridinium aciculiferun Lemmermann . . . . e . p. 174
Fig. 7, ventral view, X 1500; Flg 8 ventral

view, and Fig. 9, antapical view of the same
cell, both X 1350

Goniaqulax diacantha (Meunier) Schiller . . . v + & « « .« & p. 177
Ventral views: Fig. 10, showing elongated
plastids, X 1700; Fig. 11, X 1350; Fig. 12,
X 1500
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PLATE 29

(Class Dinophyceae, cont.)

Gontaulam LonmgiCorni Sp. NMOVe « + o + 4 o 4 & o & « o 4« o
Ventral views of same cell: Fig. 1, anterior
protion, Fig. 2, posterior portion, both X 1850

{Class Haptophyceae)

Prymmesium parvum  CAYLET .« « « o o v o o + o « o o+ &
Fig. 3, several cells in lateral view, X 1650
Fig. 4, two older cells with numerous
assimilate globules, X 2500; Fig. 5, cell with
filiform pseudopodia radiating from
posteriority, X 3000

Chrysochromuling 7 minor Parke & Manton . . . . . . . .
Fig. 6, lateral view with extended
haptonema, X 3500

? Hymenomonas roseola Stein . . . . . R
Fig. 7, smaller cell which Suggested a
possible affinity to this species, X 4100

po

180

183

184

. 188
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PLATE 30

(Class Haptophyceae, cont.)

Hymenomonas carterae (Braarud & Fagerland) Braarud . . . p-
Fig. 1, lateral view of flagellated cell w1th
coccoliths, X 2500; Fig. 2, phase contrast,
showing two plastids, X 2000

Hymenomonas roseola Stein . . . . . . . . . . . ... .. .Dp.

Lateral views, showing envelope of cocceoliths:
Fig. 3, X 1100; Fig. 4, X 1300

{(Class Chrysophyceae)

Pavlova gyrans var. éimplex var., nov. . . . ... . p-
Lateral views: Fig, 5, two cells, each with a
single parietal plastid with an anteriorly
attached stigma, X 4300; Fig. 6, X 2300; Fig. 7,
phase, X 1900; Fig. 8, number of cells from
culture with a few cells showing the presence
of a trailing haptothrix, phase, X 900

Ochromonas caroliniana sp. nov. .

.. . B

Lateral views: Fig. 9, two cells of typical form,
phase, X 2100; Fig. 10, Fig. 11, and Fig. 12,
form variations, each with a single plastid with

an

anteriorly attached stigma, phase, X 2700

187

188

162

190
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PLATE 31

(Class Chrysophyceae, cont.)

Paviova hommersandii sp.

Fig. 1, ventral view; Fig. 2, ventrilat

NoOV. + & o« o+ &

view, both views X 3800
Mallomonopsis elliptica Matwienko . . . . .

Lateral views:

Fig. 3, X 2000; Fig. 4

2

-

eral

» showing

spines on scales, X 1770; Fig. 5, surface view
of imbricated scales, X 3300

Synura wvella Ehrenberg . . . . . . . . . .
View of small colony: Fig. 6, X

Pseudopedinella pyriforme Carter . . . . . . . v « . . . .
Fig. 7, X 2400; Fig. 8, X 1380;

Lateral views:

Fig. 9, showing trailing rhizopod, X 625

Calycomonas ovalis Wulff

Lateral views of leorica: Fig. 10 and Fig., 11,

.

950

showing annular thickenings, Fig. 12, optical
crosg section, all X 3200

Ebria tripartita (Schumann) Lemmermann

Lateral views:

Fig. 15, oblique view showing doubled endoskeletin,

X650

Fig. 13, X 650; F

ig. 14

»

1380;

P

193

195

196

197

200

200
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PLATE 32

(Class Xanthophyceae)

Nephrochloris saqlina Carter . .

Ventral views:

Olisthodiscus carterae var.

Fig. 1,

olivaeeus var. nov. .

X 3400; Fig. 2, X 3

000

.

Lateral view: Fig. 3, phase contrast, X 2900

(Class Raphidophyceae)

Merotrichia capitata Skuja
Lateral view:

Fig. 4, X 1250

{Class Euglenophyceae)

Eutreptia g, viridis pert

Lateral views: Fig. 5 and Fig. 6, both

contrast X 1000
Butreptia of, lanowii Stey

Lateral views: Fig. 7, small cell X
Fig. 8, X 750; Fig. 9, two metabolic cells,

X 700

Fuglena cf. proxima Dangea
Lateral view:
X 2500

Euglena ehrenbergii Klebs
Lateral view:
X 850

¥V .

er

rd
Fig.

-

Fig.

+

* .

10, flagellum absent,

. . a - - .

11, flagellum absent,

L3

1500,

»

phase

3

P.

202

204

205

207

208

209

211
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PLATE 33

(Class Euglenophyceae, cont.)

Trachelomonas hispida var. punctata Lemmermann . . . . .,
Lateral view: Fig. 1, X 1300

Trachelomonas intermedia Dangeard . . C e e e e
Lateral view: Fig. 2, X 1250

{Class Prasinophyceae)

Heteromastix rotunda (Carter) Manton . . . . . . . . . .
Broad-lateral view: Fig. 3, phase contrast,
X 1550

Heteromastix pyriformis (Carter) Manton . . . .o
Broad lateral views: Fig. 4, X 2000
Fig. 5, X 1600; Fig. 6, X 1800

Pyramimonas cf. torta Conrad & Kufferath . . . . . . .
Lateral view: Fig. 7, X 900

Pyramimonas cf. mieron Conrad & Kufferath . . . . . . .
Lateral view: Fig. 8, X 4000

Pyramimonas plurioculata Butcher . . . .
Lateral view: Fig. 9, cell show1ng double
stigma, X 2000

Pyramimonas amylifera Conrad . . . . . . R
Fig. 10, broad lateral view Fig ll
apical view showing the eight flagella;
Fig. 12, narrow-lateral view; all views
X 2800

Tetraselmis maculata Butcher . . . . . . . . . . . . ..

Broad-lateral view: Fig. 13, phase contrast,

X 4100

(Class Chlorophyceae)

Chiamydomonas cf. veetensis Butcher . . . . .
Lateral views: Fig., l4, Fig. 15 Fig 16
all X 3600

tr . n

Chlamydomonas sp. "¢ . . . . . . . .. ... ...
Lateral views. Fig. 17, two cells under
phase; Fig. 18, same cells under light field,
both showing separation of cell wall from
protoplast; both X 1750

213

. 213

. 214

215

216

217

. 218

218

. 222

227

. 229



PLATe 33

‘i' 1
v

e ” B4 i ge
[ES P T

BT ..
S5 b gnl pa;

FET I,

NSO T T VORI
AT SR A

SR E N PO O
EE R S X

PERTS

Bt

e
e

s “F g ogg LS
SRR v gy . ”
T DUE e :
. BNE ey g ST : .
e e N Y N LA R T P, SR
v TEmeen I e
e e O L TE TS,
< €N dpaecy. g N ORI RSSO cerrimopL
Pothesn witowagd. ] TECR i e
- T : b P e kD T e
Gt . R e T : S . -
- . i LA Ee el
B M ‘wwwéme»wme ety . 16 adt i g w(eéét -
LT ERE I, 91950 08 ;
: e : : g - deshenia it R PR
Sriesgr L : o . . \4%%%—%&3»%:’ - o oaiagy - N R AT ? o -
THr e D D e (00, e o ?(6?32"\1%»«o~.9v<o ergi : :
A . R W i B e oy FETRN )
Wb gy L T e i T e e s (i e wvs‘o: W s .
. . < &mmeMss L ey
e Mot i by m,usmu JE e PRV
<x<sse~zw&wg e
ERREREE e e 10 1) o .
. Ll HE g s -
s e
[P
[EETI
B o
. ot s i -oeds\uc.u:; 4 e ’ B
‘ Spbaries qhe sxlagge it i .
“M ZEM CERy 4y > . N
b, e 4sms‘ be
B x&-.ammseskwm;- N o i
’ mm“u«e»ﬁ‘m.u fae e
e beetwémssw@f i, $Hws .l *
' S i%z- Tt B facpain ot 4ev“w§“, Jes S
N 4 . correowng g
P : .
TN i s
iE N £y
A TR g gl s
. IR o :
s pm‘.z :
PRI cpvep,
LS
Cier W@w
ke aiaiy .
R N

el o vy F

EECRTT RN,
Teoewd oy [N

y . RTINS, ’B?Séiw
oo ‘swwbwmgq W bz
sy .o AT TS ‘“Nm we il
T < B ABL L mpoaa, g .. BT
e : e
. e o .
iy . [y .
Lo - Vo * e sreens cae . : X Lo
R : :
- R P
g « Boesone oy L), : o
. : - Do e g e, .
P o AL PP L . B
LERTE N e, AR ) LIRS
-~ . e i Ve e e
st e e T e s [ERIET R 4
< AR LA L g irr ey 3 ir
- [E Dter ime
e S et 0oLl e G e
s .o TRV i aipag g e
e e LE : L vl g
v [ G EREIIE SRV S e e
: N ERRPYIF o A
e gy * P e ae g >v>§
. 31y e [
o coine ""““M" . Boar ot ‘2: . cs=ez&ex$
ERSCRE RPN [
: : s m:é . .\,qu“.z P
e ‘st Boesr g 40 T
A - R wwbw m X et el Y
S e Lo .
B ey en > ERTEREE X S T S
LR R . . < ; frotes -
e ol s e
TN
: 5t
B i
- ey 3
s e
FETI



APPENDICES






348

APPENDIX A

METHODS OF SEA WATER ANALYSIS
USED IN THE GALES CREEK STUDY

The analysis of the Gales Creek nutrient samples was conducted
under the supervision of William Woods in his laboratory at the U.N.C.
Institute of Marine Sciences in Morehead City, N.C. The methods
presented here, with his permission, are those used and in some cases

modified by Dr. Woods.

Nitrate~Nitrogen Analysis
(Mullin & Riley, 1955)

1. Place 50 ml of millipore-filtered sample in 125 ml flask.

2. Add 2 ml phenol-sodium phenate buffer while swirling.
[Buffer is made by mixing 25 ml phenol solution (9.40 gm phenol
to 200 ml water, sintered-glass filtered, and then diluted to
250 m1) with 8 ml IN Na OH (40 gm NaOH in 1 liter water) and
diluting to 50 ml)

3. Add 1 ml Hydrazine-copper reagent.
[Reagent is made by mixing 25 ml Hydrazine sulfate solution
(1.2 gm Hydrazine Sulfate to 250 ml water, filtered) with 5 ml
CuS04 solution (.0393 ¢ Cu504.5H70 to 100 ml water) and diluting
to 50 mi]

4. Leave in dark 20 hours minimum=-24 hours maximum for conversion of
nitrate to nitrite to occur.

5. Add 2 ml 90% acetone and wait 2 minutes.

6. Add 2 ml sulfanilic acid while shaking, then wait at least 5
minutes but no more than 10 minutes.

7. Add 1 ml alpha-naphthylamine reagent and shake.
[0.6 gm alpha-naphthylamine added to 100 ml of 1% HC1]

8. Add 1 ml sodium acetate reagent, mix thoroughly, wait 20 minutes.
[272 gm NaAcetate in 1 liter water]



2.
3.
4,
5.
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(Methods of Sea Water Analysis, continued)

Read at 524 my in 5 cc cell with spectrophotometer.
Note: For reagent blanks, treat two 50 ml samples of distilled
water as above, eliminating step 7 for one sample.

Nitrite-Nitrogen Analysis
(Rider with Mellon, 1946)

Place 50 ml millipore-filtered sample in 125 ml flask.

Start with step 6 above and continue through step 9.

Soluble Phosphate-Phosphorus Analysis
{(Greenfield & Kalber, 1954, modified)

Place 50 ml of millipore-filtered sample in 250 ml flask.
Note: Reagent blank should be distilled water.

Add 5 ml Acid-Molybdate solution and swirl.
[Reagent is made by combining 33.5 gm Ammonium Molybdate in
150 ml distilled water, with 349.5 ml conc. H2304 added to
400 ml distilled water, and diluting the combination to 1 liter)

Add 2 ml Ascorbic Acid sclution and swirl,
[13.4 gm Ascorbic Acid is added to around 30 ml water in a
beaker which is heated and stirred until all is dissolved,
then diluted to 50 ml]

Wait at least 20 hours and read at 820 my in appropriate cell.

Ammonia=-Nitrogen Analysis
(Riley, 1953, modified by Crowther & Large, 1956)

Ensure absence of ammonia traces in apparatus by passing steam
through still for 1-2 hours before analysis,

Add 50 m1 (filtered) sample to digestion type flask.
Add 1 ml of indicator (Thymol Blue in NaOH),
Add Na-metaborate buifer until indicator turns blue {pH 9.3).

Place flask on still, and place receiving vessel, containing 4 ml
0.01N hydrochloric acid, under condenser tip with tip submerged in
acid.



9.
10.

2l
3.
4‘

10.

11.
12.
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(Methods of Sea Water Analysis, continued)

Pass steam through sample, distilling for 5 minutes after first
drop appears in condenser. After 4 minutes, lower receiving
vessel so condemser tip is clear of acid, and distill for 1
minute longer.

Dilute distillate to 45 ml.

Add 4 ml phenol-sodium hydroxide solution.
[22 ml phenol sclution and 22 ml NaOH sclution, diluted to
100 ml]
(Phencl solution: 62.5 g phencol dissolved in just enough
methyl alcohol, plus 18.5 ml acetone, then diluted to 100 ml
with methyl alcohol)
{NaOH solution: 27 g NaOH in 100 ml of deaminated water-—-
distilled water run through column of Folin's Permutit)

Add 1 ml Chlorox (5.25% Sodium Hypochlorite).
Watt 20 minutes. Read at 625 my in appropriate cell,

Total Nitrogen Analysis:
Micro-Kjeldahl digestion with selenium catalyst
{(Woods, 1965, modified)

Prepare digestion flask by addition of 4 ml of catalyst mixture
[2.5 g Selenium Dioxide in water, and 500 ml HySO;, then diluted
with water to 1 liter} and 2 or 3 boiling beads.

Add 50 ml (unfiltered) sample to flask.
Place on digestion rack and evaporate all water.

Permit digestion to proceed for 4 hours after acid can be seen
refluxing in digestion flask.

Cool and add about 20-25 ml ammonia-free water.
Add 1 ml Thymol Blue indicator.

Add 40% sodium hydroxide - 5% sodium thiosulfate solution until
indicator turns blue (pH 9.3, about 7 ml}.

Place digestion flask on still (which should have been steamed for
1-2 hours previously).

Place receiving vessel, containing 2.5 ml 0.01N hydrocloric acid,
under condenser tip with tlp submerged in acid.

Allow to distill for 5 minutes after first drop appears. After
4 minutes, lower receiving vessel so tip of tube is clear of acid.
Allow to drip for 1 minute more.

Dilute distillate to 45 m]l with ammonia-free water.

Add 4 ml phenol-sodium hydroxide solution (see Ammonia-Nitrogen
Analysis).
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{Methods of Sea Water Analysis, countinued)

13, Add 1 ml Chlorox (5.25% Sodium Hypochlorite).
14. Wailt 20 minutes, read at 625 my in appropriate cell.

Total Phosphorus Analysis
(Hansen & Robinson, 1953, modified)

1. Place 50 ml (unfiltered) sample Iin specially treated flask with
2 or 3 boiling beads.

2. Add perchloric acid solution (300 ml or 70-72% perchloric acid
diluted to 1 liter with water) according to salinity:

Salinity °/00 Volume Perchloric

38 10.5 ml
36 10.0
33 9.5
30 8.5
25 7.5
20 6.5
15 5.5
less 5.0

3. Place on hot plate in hood and evaporate 2/3 to 3/4 of volume.

4, Add 2-3 drops of potassium iodide solution (5 g KI to 100 ml
H,0) and cover with watch glass.

5. Continue evaporation until solid starts to separate. Reduce heat
until perchloric acid refluxing begins. If material starts to
splatter remove flask from heat until hot plate cools. When
refluxing starts increase heat and reflux for 11 minutes, then
remove from heat.

6. When flask is cool enough to touch, add 5 ml dilute ammenia
solution (100 ml NH,OH diluted to 500 ml with Hy0) .

7. Place flask on hotplate and boil rapidly to remove ammonia.
Remove cover glass and reduce heat when solids start to form.
Do not permit solids to splatter. Remove from hot plate when
still slightly moist. Container heat should evaporate balance of
water.

8. When cool, add 50 ml of 0.2% HCi (4 ml conc. HCl to 2 liters Hy0)
and dissolve all solids. OIt may be necessary to heat sample
slightly (no more than 50 C).

9. When solids are dissolved add 2-3 drops of sodium sulfite solution
(3 g sodium sulfite in 100 ml H,0 - make fresh daily).

10. Add 5 ml acid-molybdate solution.*

11. Add 2 ml ascorbic acid solution.*
*See Phosphate Phosphorus Analysis for these solutions.
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(Methods of Sea Water Analysis, continued)
12. Wait 24 hours. Read at 820 my in appropriate cell.
Standard Solutions

Nitrate: 1.53 g KNO3 in 1 liter Hj0.
[1 =1 standard/100 ml Hy0 = 15 pg A-N]

Nitrite: 0.345 g KNOg to 1 liter H,0.
[1 ml standard = 5 ug A-N]

Ammonia: 0.4716 g (NH;)280, to 1 liter H,0.
[1 ml standard - 7.14 pug A-N]

Phosphorus: 0.816 g KHyPO, to 1 liter H,0.
{1 ml standard - 6 ug A-P]
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APPENDIX B

PREPARATION OF PERMANENT DTIATOM MOUNTS

The Gales Creek diatom samples were prepared as permanent slides

in Norway following the method used by the staff at the Institutt for

Marin Bioclogi of the University of Osleo.

1,

Pour diatom sample, fresh or formalin preserved, into the bottom
of a beaker.

In a hood, add twice as much concentrated sulfuric acid as sample
volume.

In the hood, add a saturated solution of potassium permanganate
until the bluish-red color just becomes brownish.

Still in the hood, add saturated oxalic acid until the sclution
becomes clear.

Centrifuge the sample (10 minutes), draw off the supernatant,
add distilled water and centrifuge again. Continue this washing
process until no more acid is detected with blue litmus paper
(takes about 6-7 washings).

Place a drop of the concentrated washed sample on a clean dry
coverslip which has been washed with alcchol, and let dry in a
dust—-free place,.

Add one drop of Hyrax or Coumaron to the center of the coverslip
and let dry one day im a dust-free place.

Place a clean slide (washed in alcohol) on top of the coverslip
which will then stick to the slide, turn the slide over and place
on a warming plate. The mounting medium will spread and bubble
for a while. When the bubbling has stopped or slowed, remove the
slide, let it cool, then label and store.

Cleared washed diatoms may be kept in small vials if formalin is

added to prevent bacterial contamination, but before solid mounts
are made the samples should be washed again with distilled water

to remove the formalin.
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APPENDIX C

FIGURE 1

Seasonal distribution of dissolved nitrite-nitrogen

concentrations, in microgram-atoms of nitrogen per
liter. Nitrite concentrations plotted are for surface
water samples from the headwaters and middle reaches
(Stations 15 and 9) and bottom water samples from the

middle reaches and mixing basin (Stations 9 and 2).

Seasonal distribution of dissolved nitrate-nitrogen

concentrations, plotted in the manner of the above

graph.
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APPENDIX C

FIGURE 2

Seasonal distributlon of dissolved ammonia-nitrogen

concentrations, in microgram-atoms of nitrogen per

liter. Ammonia concentrations are plotted for surface
water samples from the headwaters (Station 15) and middle
reaches (Station 9), and bottom water samples from the

middle reaches (Station 9) and mixing basin (Station 2).

Seasonal distribution of total nitrogen concentrations,

plotted in the manner of the above graph.
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APPENDIX C

FIGURE 3

Seasonal distribution of dissolved phosphate-phosphorus

concentrations, in microgram-atoms of phosphorus per
liter. Phosphate concentrations are plotted for surface
water samples for the headwaters (Station 15) and middle
reaches (Station 9), and bottom water samples from the

middle reaches (Station 9) and mixing basin (Station 2).

Seagonal distribution of total phosphorus concentrations,

plotted in the manner of the above graph.

Seasonal distribution of nitrate-nitrogen to phosphate~

phosphorus ratios for the surface samples from Stations 15

and 9, and bottom samples from Staticns 9 and 2.
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INTRODUCTION

This report represents a continuation, through the year 1970 (Camp-
bell, 1971) and the first four months of 1971, of the 18-month study begun
by Dr. Edward J. Kuenzler (1970) on effects of sewage plant effluent on
phytoplankton populations in self-designing brackish water ecosystems.

The ecosystems involved are six man-made ponds, each containing roughly
200 m3 of water and with a mean depth around 0.4 m, located in Morehead
City, N. C. Three of these ponds recelve treated sewage from the More-
head City sewage treatment plant and estuarine water from adiacent Calico
Creek and are designated polluted (P) ponds, while three other ponds at
the Institute of Marine Sciences receive fresh water and estuarine water
from adjacent Bogue Sound and are designated control (C) ponds.

Fresh and saline water inflow to the ponds is regulated to maintain
brackish conditions throughout the year and to avoid salinity stresses.
Seed populations from the local phytoplankton become introduced into the
ponds with the pumped-in water, where because they are then no longer sub-
ject to the continual flow and mixing of different waters characteristic
of the adjacent estuaries, the adaptable phytoplankton species are better
able to develop toward climax communities during each season. The response
of these phytoplankton populations tc presence or absence of sewage plant
effluent in the ponds, measured in this study by species composition, dis-
tribution and cell concentrations through the year, is not only an import-
ant problem in itself, but such detailed information on the phytoplankton
community is also of interest to those working on the productivity and

nutrient cycling phases of this project.

METHODS

At the end of each month, samples were cellected from all ponds for
study, a total of 48 C-pond and 48 P-pond samples for the l6-month study.
Each of these was an integrated sample obtained by combining pond water
collected at depths of 0.7 m, 0.4 m, and 0.1 m. All sanples were examined
within 5-6 hours of collection in the following manner: A measured por-

tion from each well-shaken integrated sample, normally 10 ml, was placed
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in a 15 ml conical centrifuge tube and run at full sgpeed in a clinical
centrifuge for 10 minutes, after which all but a few drops of the centri-
fupate was carefully drawn off by pipette. The phytoplankton cells were
then resuspended and thoroughly mixed in the remaining water, about .05
ml. These last drops, when transferred by pipette to a clean slide, just
filled the area under a 22 x 22 mm coverslip. This preparation was then
examined live under an A. 0. Spencer compound microscope with phase-con-
trast, surveying the slide at 200 X for large species, counting medium-
sized specles In selected tramsects across the slide at 450 X, and using
oil-immersion at 1000 X for counting small species in selected transects
and for careful identification and measurement of all specles, using
phase contrast for examination of diatom frustules. From knowing the
number of fields-of-view across the coverslip for each objective, the
number of transects counted, and the original volume of the sample con-
centrated under the coverslip, the number of cells/ml in the original
sample was calculated. When heavy bloom concentrations provided too
many cells in a field of view for comfortable counting, smaller volumes
of the sample were then centrifuged, or counts were made direccly from

a buretted .02 ml volume of sample. An 8-gang mechanical counter was

an invaluable aid in counting dominants in the samples. All phytoplank-
ton measurements, free-hand drawings, and other taxonomic data were made
on 3 x 5 cards for quick reference.

The traditional method of plankton counting centers around preserv-
ing the samples, settling them out in special chambers, and observing
them with_an inverted microscope. But because most phytoflagellates do
not preserve well enough to be identifiable with any degree of certainty,
live plankteon examination becomes an absolute necessity when species
other than diatoms and armored dinoflagellates are to be seriously studied.
The problem, in the absence of successful preservatives, has been to de-
velop methods which enable both live observation and enumeration at the
same time. Methods utilizing special known-volume counting chambers such
as haemocytometers, Sedgewick-Rafter cells or Palmer cells allow for
accurate counts, but have the disadvantage of toc great a chamber depth
for ecritical use of oll-immersion lenses in identification of small
species,

The method employed in this study, involving taking a known aliquot

volume and concentrating It into a drop spread out by a coverslip to its
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edges, enables both a reasonably accurate enumeration of cells per unit
volume plus identification of these same cells with oil-immersion lenses,
and takes advantage of the Inevitable drying out of the slide to bring
details of cells more sharply into focus and to gradually slow and immo-
bilize motile flagellates for fine observatlon after their free-swimming
normal character has been noted, thus enabling more confident identifica-
tions. By centrifuging two equal volumes of the same sample at a time, a
second is readily avallable should the first dry out too much before
counting is completed. This methed requires no special inverted micro-
scope, and there 1s no problem with cleaning and preparing special count-
ing chambers since simple microscope slides and coverslips are all one

needs.
RESULTS AND DISCUSSION

Salinities of C-pond samples varied from 16.0 to 21.2 /oo with an
average of 18.2 ®/oo, while salinities of P-pond samples ranged from 13.5
to 20.0 °/oo with an average of 17.0 °/oo. Temperatures in C-pond sam-
ples ranged from a January low of 5°C. to an August high of 31°C., and in
P-pond samples from a January low of 6°C. to an August high of 33%.

The 1970 vearly average for total phytoplankton abundance in the C-
ponds was 3.0 x 104 cells/ml, whereas in the P-ponds it was 1.8 x 106
cells/ml, with maxima in both sets of ponds being at least 100 times
their minima. The temporal pattern of total phytoplankton abundance is
presented in Figure 1, where it may be seen that in all seasons but spring
the P-ponds contained 10 to 100 times the cell concentrations of the C-
ponds. The development of these plankton concentrations, as high as 10?
cells/ml in the P-ponds, was made possible by the combination of organic
nutrient inflow from the sewage plant and the low flushing rates of the
ponds, between 1/2 and 2 times a month, quite a difference from the adja-
cent estuaries subject to two tidal exchanges per day.

The ponds contained over 155 taxa of phytoplankton representing ten
classes of algae, with a diversity from 15 to 38 (average of 25) species
per sample occurring in C-ponds and from 12 te 35 (average of 21) species
per sample in P-ponds. The systematic account of the species, with 101

figures, is presented at the end of this report.
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Control Ponds

Those species which in any C-pond sample attained concentrations of
103 cells/ml or more are presented in Table 1. The seasonal distribution
of these dominants is shown in Figure 2.

Many differences appear between the dominant phytoplankton of the C-
ponds in 1970 compared to 1969, suggesting that the ponds are continuing
to mature. Monallantus étichococcoides (Kuenzler's "small forms") con-
tinued its bloom concentrations from the fall of 1969 in ponds C-2 and
C-3, dying off at the end of spring, but failled to return in the autumn
of 1970 with any of the previous year's strength, and by winter had dis-
appeared from all ponds but C-2. In the summer bloom of 1969, tiny
Nanmochloris atomus achieved 10° cells/ml concentrations in all C-ponds,
but in 1970 it bloomed occasionally in the spring and autumn, with only
one spring sample reaching the previous year's peak densities. 1In 1970
the small pillbox cells of Cyelotella caspia showed scattered presence in
the C~ponds, and achieved a 104 cells/ml summer density only in C-1, while
the previous year it did this only in C-3 and was abundant in each season
in C~2. Cosmopolitan Nitzachia closteriwm, an autumn and winter species
from 1969, also made a strong appearance in the summer of 1970 but did not
reach the previous year's autumn peak of 103 cells/ml. The only rather
close similarity in seasonal distribution was between Nitzschia frustulum
(perhaps misidentified?) in 1969 and Nitzschia proxima in 1970, both abun-
dant in summer and early autumn from C-1 and C-2,

The small blue-green bean-shaped motile cells of Hemiselmis virescens,
unreported from 1969, were abundant In spring and summer from all C-ponds,
and dominated the winter C-pond plankton in 1971. As with other dominants,
however, Hemiselmis varied in abundance between the three C-ponds, origi-
nally designed to provide for replication. Ochromonas ? vallesiaca
occurred in the summer in only C-1 and C-2. Ochromonas ? minuscula
achieved a winter bloom in 1970 only in C-3, the only pond in which the
spring bloom of Monochrysis lutheri also occurred. Pedinomonas minor
was dense only in one C-2 summer sample. Fig. 1 also reveals differences
between ponds in 1970 by showing C-3 and C-2's greater total phytoplank-
ton cell concentrations in the first half of the year, and C-1's build-
up in the latter half while C-3 dropped to the levels C-1 had begun the

year with.
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Polluted Ponds

The nutrient richness of the P-ponds enabled over twice as many
species to achieve concentratlons of at least 103 cells/ml as in the C-
ponds. These dominants are presented In Table 2, and their seasonal dis-
tribution is shown in Figure 3.

From December 1969 to early May 1970 all P-ponds were pea-soup green
with dense 106 cells/ml concentrations of the small xanthophyte Morodus
aff. guttula., On May 11th all the blooms suddenly crashed, the ponds turned
gray, and many fish and other organisms succumbed to the depleted oxygen
levels. In August and September the Monodus began reappearing in the plank-
ton and by December all ponds had returned to pea-soup bloom concentrations.,
These densities continued through the winter of 1971, but by April the
anticipated spring reduction in Monodus cell concentrations was already
beginning in pond C-3.

Monodus 1s a euryhaline species which shows optimum growth in lower
salinity waters at ZOOC (Hommersand & Talbert, 1971). Above this tem-
perature Monodus populations easily crash, probably because as respira-
tion exceeds photosynthesis, the oil reserves are used up, floating ability
is lost, the cells sink from the light, oxygen consumption increases, and
death ensues.

Hulburt (1970) has calculated that at cell densities below 3 x 105
cells/ml the nutrient-depleted zones about algal cells do not overlap.
Therefore at these concentrations there is no chance for an abundant form
to force less abundant forms to extinction by monopolization of the nu-
trient supply. The Monodus blooms normally exceeded this value, and
therefore were at concentrations where nutrient monopolization may have
aided in their continued dominance. Diversity definitely dropped during
these blooms, but eventual extinction of residual forms was prevented by
the population crash with warmer temperatures which then freed other
species for growth. At total cell densities below this figure phyto-
plankton diversity did not appear to be affected.

After the spring Monodus crash the ponds rapidly recovered with a
number of phytoplankton species vying for dominance through the summer
and autumn (Figure 3). There were also some differences ameng the P-
ponds. Gontochloris pulehra, a xanthophyte with 10 times the cell volume
of Monodus, (Table 3), assumed dominance in late spring in all P-ponds

but dropped off as summer progressed. Oocystis parva also appeared in
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abundance at this time and continued through the summer and autumn,
although not in the concentrations achieved the previous year. The

small prasinophyte Pyramimonas plurioculata was abundant in all P-ponds

In the summer, as were the centric diatoms Cyclotella striata var. ambigua
and Coscinodiscus sublineatus, and the small flagellate Chroomonas amphio-
reia. Nitaschia closteriuwn's fluctuating abundance did not achieve the
concentrations of 1969 but did extend through summer and autumn in all P-
ponds as it also did in the C-ponds, and it returned with a strong P-pond
subdominance the following spring. Namnochloris atomus occasionally
bloomed from late spring to early autumn as it did im the C-ponds. Hemi-
selmis virescens and the minute diatom Navicula arvensis were weak in P-2
compared to the strong summer-early autumn abundance in the other two
ponds. The small solitary centric diatom Chaetoceros muelleri appeared
after the Monodus crash and then continued in all ponds through to autumn
with stronger concentrations than had been achieved in 1969. 1In P-2 an
autumn bloom of 105 cells/ml colored the normally green water brownish.

In P-2 and P-3 this Chaetocerog bloom was followed in November by 104
cells/ml concentrations of the cosmopolitan dinoflagellate Prorccentrum
minimum. Thig species has almost 60 times the cell volume of Monodus
(Table 3) and it therefore is more important than its abundance might at
first suggest. Prorocentrum minimum is unusually large compared with the
other dominants in Table 3, all small cells with proportionately large
surface areas that enable more rapid metabolism and growth where advan-
tageous conditions appear in the rapidly fluctuating estuarine environ-
ment. Oxyrrhis marina, an unpigmented dinoflagellate, made a strong winter
appearance in all P-ponds in 1971, and Nephroselmis gilva appeared in great
concentration only in the last month of the study. The apparent absence of
such subdominants from the early 1970 samples, however, may partly have
been due to a beginner's inexperience with counting species under bloom
conditions.

Incidentally, it was noted from observations on zooplankton grazing
during the counts that the smaller species of phytoplankton appeared to
become food sources for ciliates and rotifers, while the larger species
seemed to be consumed by small crustacea. It would be of interest to
know what effect changes in the available food particle size has on the

herbivore populations in the ponds.
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Indicator Species

Those species of phytoplankton which were present in a number of C-
pond samples, but found in only a few or no P-pond samples are indicated
in Table 1 as being potential indicator species for unpolluted brackish
waters in this area, while those species with high frequency in P-pond but
low frequency in C-pond samples are indicated in Table 2 as being poten-
tial indicator species of the presence of organic wastes in the estuaries.
This is at present a tentative conclusion, being based on little more
than one year's data from a special enviromment. There are of course other
factors to be considered as well. The possible difference in seed sources
could be affecting the distribution of these species, since the C-ponds
are supplied plankton from broad shallow Bogue Sound, while the P-ponds
receive plankton input from both the sewage plant and small marsh-bordered
Calico Creek. The size of the seead population would also be an important
factor for many of these species in determining whether or at what time
a bloom develops in one pond compared to another, and could account for
some of the variation apparent between ponds. It would be interesting to
observe the effect on these potential indicator species of transferring
concentrations of P-pond phytoplankton to one of the C-ponds, and vice

versa, at regular intervals throughout the year.

Class Distribution

Figure 4 presents the seasonal distribution of the major taxonomic
groups of phytoplankton averaged for C-ponds and P-ponds. Though gener-
alizations are difficult to draw from these graphs, they do suggest some
basic trends: the centric diatoms, pennate diatoms and dinoflagellates
in polluted waters paralleled one another in their appearance in the
spring and peaking in autumn; the cryptomonads, prasinophytes and
chiorophytes were generally more abundant in the warmer months of the
year with greater cell concentrations in polluted waters; haptophytes
and chrysophytes were generally limited to unpolluted waters, where
pennate diatoms were in steady abundance all year. The xanthophvtes,
normally a class of minor phytoplanktonic significance, stand out as the
most important group in this study, with polluted waters containing pea-
soup densities of cells in the colder months of the year and strong con-
centrations even through the summer, and with an abundance of cells in

unpolluted waters all months of the year but June and July. It would be
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interesting to know whether as xanthophytes these dominant specles exert
selective pressure on pond food chains over and above the effect of small

food particle size or the stress of being in dense concentrations.

CONCLUSION

The polluted ponds have been found to support a high level of pri-
mary productivity with sewage plant effluent, but whether this produc-
tivity can be converted to a dependable harvest remains to be seen. So
far, the production of blue crabs in the ponds has been too low for com—
mercial interest, the palaemonetes shrimp that grew well are not valued
as human food, and edible fish did not grow. The system was strongly taxed
by very dense phytoplankton concentrations, primarily of a single species,
so perhaps better results could be achieved by holding these densities
below the 105 cells/ml concentration (Hulburt, 1970) where species diver-
sity can still be maintained, possibly by increasing the flushing rate of
the ponds from their normal one to two times per month.

The ponds have been found to support a wide diversity of species
Tepresenting ten classes of phytoplankton. The 155 taxa of phytoplankten
observed in the lé-month study included 97 diatoms, 16 dinoflagellates, 9
cryptomonads, 8 prasinophytes, 6 xanthophytes, 5 chrysophytes, 5 green
algae, 4 euglenoids, 3 haptophytes, and 2 blue-green algae. A number of
these organisms did not readily fit existing descriptions and are prob-
ably new taxa merely awaiting further observation and study.

It is hoped that the methods described in this paper, and the follow-
ing systematic account of the 155 taxa identified from the ponds, along
with the associated plates and references, will form a solid basis for
encouraging further examinatlons of phytoplankton populations from these
ponds, and from Calico Creek, Bogue Sound, and other polluted and unpolluted

estuaries along the Carolina ceoast.
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SYSTEMATIC ACCOUNT OF THE SPECIES

References given are generally those of value 1n the identification
of the species, rather than older often unobtainable references of his-

torical interest.

{Class Bacillariophyceae)

1. Melosira moniliformie (MUll.) Ag.; Hustedt, 1930, Kieselalg. 1,
p. 236, f. 98, Single cells 19 x 10p.

Present in three C-1 samples, July, November and March.

2. Melosira suleata (Ehr.) Kutz.; Hustedt, 1930, Kieselalg. 1, p.
276, f. 118, 119. Cells 29p and 13p, in short filamentous colonies,

Present in three C-pond samples, summer and spring; one P-pond
presence.

3. Skeletonema costatum (Grev.) Cl.; Hustedt, 1930, Kieselalg. 1,
p. 311, f. 149. Cells 12-21p x 2-5y, in short filamentous colonies. PlL.
1, fig. 1.

Present in 16 C-pond samples from winter and spring, with 102 cells/ml
in January and February; four P-pond samples.

4. Cyclotella striata var. ambigua Grun.; Hustedt, 1930, Kieselalg.
1, p. 345, f.l76d-e. Cells 12-19p in diameter, striae 7-8/10p. PlL. 1,
fig. 2.
From 29 P-pond samples, all months, with peaks in summer up to 103
cells/ml; one C-pond presence. See fig. 3 for seasonal distribution.

5. Cyelotella caspia Grun.; Hustedt, 1930, Kieselalg. 1, p. 347,
F. 177. <Cells 4-5.5p in diameter, with very fine striae. Pl. 1, fig. 3.

Present in 12 C-pond samples from all seasons, 10& cells/ml in
August; two P-pond presences. BSee fig. 2 for seasonal distribution.

6. Cosecincdiscus sublineatus Grun.; Hustedt; 1930, Kieselalg. 1, p.
394, £. 205. Cells 21-33p in diameter, with 10 areolae/10p. P1l. 1, fig.
4.

Present in 16 P-pond samples, from April to November, 103 concentra-
tion in June. See fig. 3 for seasonal distribution.

7. Coseincdiscus rothii (Ehr.) Grun.; Hustedt, 1930, Kieselalg. 1,
p. 400, f. 211, Cells 46-66p in diameter, 7-8 areolae/10p.

Present in two P-pond samples, summer.

8. Leptocylindrus danicus Cl.; Hustedt, 1930, Kieselalg. 1, p. 558,
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f. 318. Cells 55-105p x 8-9u, in short filaments.

Pregent in four C~-pond samples from autumn and winter.

9. Rhizosclenia fragilissima Bergon; Hustedt, 1930, Kieselalg. 1, p.
571, f. 324. Cell fragments 4.5-6.5p in width.

Present in two C-2 pond samples, spring and autumn.

10. Rhizosolenia hebetata f. semispina (Hensen) Gran; Hustedt, 1930,
Kieselalg. 1, p. 592, f. 338. Cell 134p x 2p with 43p spines.

Autumn presence in one C-pond sample,

11. Rhizosolenia calear-avis M. Schultze; Hustedt, 1930, Kieselalg.
1, p. 592, f. 339. Cell fragments 19p in width with 38y spine.

Single winter presence in C-pond.

12. Bacteriastrum delicatulum Cl.; Hustedt, 1930, Kieselalg. 1, p.
612, f. 353, 21lp diameter valve with terminally bifurcating spines.

Present in cne winter C-pond sample.

13. Chaetocercs lorenzianus Grun.; Hustedt, 1930, Kieselalg, 1, p.
679, f. 385. Cell 13p x 5.

Spring presence in one C-pond sample.

14. Chaetocercs cf. compressus Lauder; Hustedt, 1930, Kieselalg. 1,
p. 684, £, 388, 38%. Cells 9% x 9u, with short spines and containing
smooth resting spores, in short filamentous colony.

March presence in one C-pond.

15. Chaetocercs affinis Lauder; Hustedt, 1930, Kieselalg. 1, p. 695,
f. 396. Cells 7-16p x 9-24p, in short filamentous colonies.

One February C-pond and one March P-pond presence.

16. Chagstoceros costatus Pav.; Hustedt, 1930, Kieselalg. 1, p. 699,
f. 399. Cells 2lp x 20p, in short filamentous colony.

Single C-pond presence in winter.

17. Chaetoceros subtilis Cl.; Hustedt, 1930, Kieselalg. 1, p. 723,
f. 413. Cells 10p x 7p in short filamentous colony with 115p spines.

Winter presence in one C~pond.

18. Chaetoceros debilis Cl.; Hustedt, 1930, Kieselalg. 1, p. 740,
f. 428. Cells 5p x 4p with 25p spines, in filamentous colonies of 2-4
cells., Pl. 1, fig. 5.

Present in five C-pond, five P-pond samples from spring, autumn and
winter,

19. Chaetocercs muelleri Lemm.; Hustedt, 1930, Kieselalg. 1, p.

756, f. 439. Cells solitary, normally 4-10p x 3-9p; resting spores in
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May 10p x 8p. In P-pond October blooms cells were thinly silicified with
faint setae and were smaller in size: 3.5-6p x 2.5-4p. Pl. 1, fig. 6a-c.

Present in 12 C-pond samples from all seasons, up to 102 cells/ml,
with a December bloom of 10* cells/ml in C-3. Abundant in 23 P-ponds
from spring to autumn with densities each season reaching lO4 cells/m]l with
dominance in October reaching 105 cells/ml helping to color the water a
reddish-brown. See fig. 3 for seasonal distribution.

20, Triceratium reticulwm Ehr.; Hustedt, 1930, Kieselalg. 1, p. 823,
f. 485-4B6. 43p cell, 5 areolae/i0p.

Present in one summer C-pond sample.

21. Cerataulina bergoni Per.; Hustedt, 1930, Kieselalg. 1, p. 869,
f. 517. Cells 43-57p x 7-10p. Pl. 1, fig. 7.

Present in six C-pond samples, autumn and winter.

22, Grammatophorq marina (Lyngbye) Kltz.; Hustedt, 1959, p. 43, f.
569. Cell 30p x 12j.

One C-pond presence in March.

23. Fragilaria brevistriata Grun.; Hustedt, 1959, p. 168, f. 676a-e.
Cells 6~13u x 2.5-3u, with 14-18 marginal striae/10u.

Present in two winter C-pond samples.

24. Synedra aff. tabulata (Ag.) Kutz.; Hustedt, 1959, p. 218, f.
710b. Cells 43-150p x 4-4.5p, but differing from the species in having
finer marginal striae, 20-24 striae/1Op. PLl. 1, fig. 8.

Present in eight C-pond and two P-pond samples from all seasons.

25. Asterionella japoniea Cl.; Hustedt, 1959, p. 254, f. 734. Cells
50-68p x 7-11p, single or in colonies. Pl. 1, fig. 9a-b.

Present in six C-pond samples from winter and autumn.

26. (occoneis scutellwn Ehr.; Hustedt, 1959, p. 337, f. 790. Cells
24-27p x 18u, 7 ribs/10p.

April presence 1n one C-pond.

27. Cocconeis cf. placentula var. euglypta (Ehr.) Cl.; Hustedt,
1959, p. 349, £. 802e. Only rapheless valves observed: 13-27%x 7-18p,
16 striae/10p.

Present in seven C-pond samples from autumn, winter, and early spring.

28. Acenanthes orientalis Hustedt, 1959, p. 390, f. 838. Cells 8-12p
x 4-4.5u, rapheless valve with 20 striae/10p, raphe valve with 28 striae/
1op. P1. 1, fig. 10a-b.
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Present in four C-pond and three P-pond samples from summer to winter
and early spring.

29. Aenantheg clevel Grun.; Hustedt, 1959, p. 391, f. 839a. Only the
rapheless valves observed, ll-lép x 6-8u, with 12 striations/lOp.

Present in one C-pond and one P-pond sample from spring.

30. Achnanthes brevipes Ag.; Hustedt, 1959, p. 424, f. 877. Cells
45~50n x 1lp, 7 striae/10p.

Single P-pond presence in March.

31. Mastogloia pumila (Grun.) Cl.; Hustedt, 1959, p. 553, f. 983.
Cells 25-30p x 9-10p, valve marked by a lyrate hyaline area, striae 20-25/
10p, loculifercus rim with two larger central chambers. Pl. 1, fig. 1lla-b.

Presence in seven C-pond samples, April to June, November, February.

32. Gyrosigma fasciola (Ehr.) Griff, & Henfr.; Patrick, 1966, p.
328, pl. 26, f. 4. Cells 94-106p x 12-15p, with transapical striae 25-
26/10p, finer than Patrick's description, and the narrow ends set off
less sharply from the body. P1. 1, fig. 12.

Present in 15 C-pond and 12 P-pond samples from all seasons.

33. Gyrosigma balticum (Ehr.) Rabh.; Hustedt, 1930, Bacill., p.

224, f. 331, Cells 196-200p x 20-23p, 14 transapical striae/10p. P1, 1,
fig. 13.

Present in four P-pond samples from May to July, one March C-pond.

34. Gyrosigma simile (Grun.) Boyer; Hustedt, 1955, p. 34, pl. 10,
f. 3. Cell 120p x 18p, with 16 transapical striae per 10p.

Present in one C-pond sample in December,

35. Gyrosigma beaufortianum Hustedt, 1955, p. 34, pl. 10, f. 7-8.
Cells sigmoid, 57-82p x 6-7y, with stauroid central nodule.

Present in four C-2 pond samples from November to February, two C-
ponds and one P-pond in spring.

36. Pleurosigma ? angulatwn var. aestuarii {(Breb.) V. H.; Patrick,
1966, p. 332, pl. 27, f. 3a-e. Stubby sigmoid cells with central sig-
moid raphe 75-92p x 19-21p, with 20 transapical striae/10u and 18 diagonal
striae per 10u; diagonal striae absent from ends of valve.

Present in four C-pond samples and one P-pond sample from May and
June, one P-pond sample the following April.

37. Pleurosigma salinarwn Grun.; Patrick, 1966, p. 333, pl. 27,

f. 2. Valves 77-105p x 14-18p, transapical striae 28-30/10p. Pi. 1,
fig. 1l4.
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Present in 12 C-pond samples and 15 P-pond samples, in all seasons.
P-pond maximum of 102 cells/ml in August.

38. Pleurcsigma strigoswn W. Sm.; Patrick, 1966, p. 335, pl. 28,
f. 2. Valves 185-360p x 20-291, somewhat narrower than Patrick's descrip-
tion, with 16-18 transapical striae/l0p. Pl. 1, fig. 15,

Present in five C-pond samples only from April te June, but in 14
P-pond samples from May straight through to January.

39. Diploneis emithi (Breb.) Cl.; Hustedt, 1959, p. 647, f. 1051,
Valves 22-38p x 10-17y1, with 10 ribs/10p. Pl. 1, fig. 16,

Present in 36 C-pond samples from all seasons, and from May to
December was found in all C-ponds each month. Also present in three
autumn P-pond samples.

40. Diploneis asmithi var. pumila (Grun.) Hust.; Hustedt, 1959, p.
650, f. 1052d-e. Valve 1llp x 7p, 14 ribs/10p.

Presence in four C-pond samples from autumn and winter.

41. Diploneis cf. splendida (Greg.) Cl.; Hustedt, 1959, p. 712, f.
1089. Valves 40-50p x 19-23p, with 6 ribs/10p.

Single C-pond presence in March.

42. Diploneis gruendleri (A.S.) Cl.; Hustedt, 1959, p. 702, f. 10B4.
Valve 50p x 39p, with 7 ribs/10p.

Single P-pond presence in summer,

43, Stauroneis salina W. Sm.; Hustedt, 1930, Bacill., p. 258, f.
414. Valve 45p x 1lp, 20 striae/10p.

Presence in one P-pond and one C-pond, March.

44, Navieula subforcipata Hustedt, 1964, p. 533, f. 1569. Valves
11-15p x 7-8y, with lyrate hyaline area, 18-20 rows of punctae/10p.

Presence in one C-pond, one P-pond, sﬁring.

45. Navicula pygmaea Kutz.; Hustedt, 1964, p. 538, f. 1574. Valves
18-42p x 8-12p, lyrate hyaline area and 32 rows of punctae/lOp. P1. 1,
fig. 17.

Presence in 15 C-pond samples from January to June, October to
December; presence in seven P-pond samples.

46. Navieula mutica var. tropica Hust.; Patrick, 1966, p. 455, pl.
42, £f. 4. Valve 26p x 9y, with stauroid central area, 20 rows of punc~
tae/10p.

Single C-pond presence from May.

47. DNavicula granulata Bail.; Hustedt, 1955, p. 25; Hendey, 1951,
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p. 49, pl. 12, f. 2. Valves 54-82y x 26-32y, with 12 rows of punctae/l0p.

Present in two C-pond samples from summer,

48. MNavicula cf. pseudosilicula £. olympica Sovereign; Hustedt, 1966,
p. 786, f. 1762. Valve 4lp x 9y, with 28 rows of punctae/10p.

Single C-pond presence from spring.

49. PNavicula arvensis Hust.; Patrick, 1966, p. 483, pl. 46, f. 1-2.
Valves 5-8p x 2-3p, no striations visible. P1, 1, fig. 18a-b.

Well presented in 13 P-pond samples in summer and autumn, with den-
sities of 104 cellg/ml in July and 103 in August; one C-pond presence.
Large numbers of this species were also found in the estuary adjacent to
the P-ponds in the summer. See fig. 3 for seasonal distribution.

50. Navicula cf. muralis f. agrestis (Hust.) Lund, 1946, p. 83, f.
8A-I. Valves 8-10p x 3-3.5p, striae 20/10p in center, 25/10p at eunds.
P1. 1, fig. 19.

Presence only in C-ponds, 16 samples from January to July, with 102
cellg/ml in February and March.

51. Navicula aff. friska Carter, 1966, p. 462, pl. 3, f. 7-10.
Valves 10-18p x 3-4p, with 24-28 striae/10p. Pl. 1, fig. 20.

Presence only in C-ponds, 16 samples from all seasons, with densi-
ties of 102 cells/ml in February and March.

52. Navicula aff. obsoleta Hustedt, 1942, p. 69, f. 12-16. Valves
8-12p x 2-3.5p, 23 striae/l0y.

One P-pond sample in January, one C-pond sample in March, four P-
pond samples the following spring.

53. Navicula rogallii Hustedt, 1961, p. 32, f. 1190. Valves &41-
70p x 4.5-6p, with 25 striae/lOp. P1. 1, fig. 21.

Present only in C-ponds, 22 samples from all seasons.

54. BNavicula gp, Valves 15-36p x 5.5-9.5p, with 25-28 striae/10u.
Pl. 1, fig. 22.

Present in 11 C~pond samples, from January to March, then October
to December; present in 9 P-pond samples from October to December.

55. Navicula sp. Valves 19-30p x 5-7p, with 16-20 striae per 10p.
Pl. 1, fig. 23.

Present in 13 C-pond samples from spring, summer and winter; also from
8ix summer P-pond samples.

56. Navicula salinarum Grun.; Hustedt, 1955, p. 27, pl. 7, £. 25,
Valves 24-36p x 7-1ly, with 20 striae/10p. P1l. 1, fig. 24.
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Present in seven C-pond and seven P-pond samples from winter and
spring.

57. Navicula lanceolata (Ag.) Kutz.; Hustedt, 1930, p. 305, f. 540.
Valves 30-44p x 6.5-8p, with 14-16 striae/10y, finely delineate. P1l. 1,
fig. 25.

Present in 23 C-pond and 17 P-pond samples from all seasons.

58. MNavicula cf. abunda Hust.; Hustedt, 1955, p. 27, pl. 9, f. 10-
12. Valves 30-40p x 7-8p, narrower than Hustedt's description, with 10-
12 delineate striae/10p.

Present in one C-pond and one P-pond sample from March.

59. Navicula cf. peregrina (Ehr.) Xutz.; Hendey, 1964, p. 201,
pl. 30, £. 12-13. Valves 55-72p x 12-14y, half the size range given by
Hendey, with 6 delineate striae/lOp in the center, 9/10p at the ends.

Pi. 1, fig. 26.

Present in seven samples only from pond C-3, all seasons.

60. Navicula yarrensis Grun.; Hustedt, 1955, p. 32, pl. 9, f. 2.
Valves 60-83 p x 13-24p, with 7-8 ribs/10p. Pl. 1, fig. 27.

Present in five P-pond samples from May to August, two C-pond
samples from November and December, one P-pond in January.

6l. Amphora cf. delicatissima Krasske; Hustedt, 1930, Bacill., p.
346, f. 635. Single valve 10.5-16p x 4—bp, delicate striae 22-25/10p.
Pl. 2, fig. la-b,

Presence in nine C-pond samples from spring and summer, also January.

62. Amphora tenerrima Ale. & Hust.; Hustedt, 1955, p. 39, pl. 14,
f. 15. Single valve 19p x 5p, with 24 striae per 10p.

Obtained i1n culture by Dr. Wm. Woods from ponds C-2 and P-2,

63. Amphora cf. tumida Hustedt, 1956, p. 120, f. 51-52. Single
valves 14-27p x 4.5-6p, with 16~20 striae/10p. Pl. 2, fig. 2.

Present in 27 C-pond samples and 21 P-pond samples from all seasons.

64. Amphora granulata Greg.; Hustedt, 1955, p. 40, pl. 14, £. 8-10.
Single valves 30-48p x 8-1lp, with 12 striae per 10p. Pl. 2, fig. 3.

Present in three C-pond and two P-pond samples from summer,

65. Amphora ovalis var. affints Grun.; Peragallo, 1908, p. 44, f.
18. Single valves 21-55p x 8-12p, with 12 rows of elongate poresflOp.
P1., 2, fig. 4.

Present in 18 C-pond samples and 30 P-pond samples, from all seasons.

66. Amphora angusta Greg.; Peragallo, 1908, p. 231, pl. 50, f. 37.
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Single valve 25—64p x 6-15p, with 16-20 striae per 10p., P1l. 2, fig. 5.

Present in 13 C-pond samples from all seasons, one P-pond sample
from summer.

67. dAmphora angusta var. ventricosa Greg.; Hustedt, 1955, p. 42,
pl. 16, f. 26. Single valves 51-81p x 9-10p, with 9 striae/10p. Pl. 2,
fig. 6.

Present in six P-pond samples, one C-pond sample, spring to autumn.

68. Amphiprora alata KUtz.; Hustedt, 1930, Bacill., p. 340, f. 625.
Cell in girdle view 102 x 45p, with 14 rows of punctae/10p becoming striae
off wing.

Single P~pond presence in February.

69. Amphiprora paludosa var. duplex Donk.; Peragallo, 1908, p. 185,
pl. 38, f£. 16-19. Cells in girdle view 29-64p x 23-30p, with 36 delicate
striae/lOp. Pl. 2, fig, 7.

Pregent in 27 C-pond samples from all seasons, 6 P-pond samples from
May to September.

70.  Amphiprora paludosa var. hyalina Eulenst.; Peragallo, 1908, p.
185, pl. 38, f. 20. Cells 12-17p x 7-8p, strongly twisted, no striations
visible but 23 punctae/l0p along the keels. Pl. 2, fig. 8.

Present only in C-ponds, 13 samples from winter to summer, with 102
cells/ml concentrations from February to April.

7l. Tropidoneis lepidoptera Greg.; Peragallo, 1908, p. 188, pl. 39,
f. 3-7. Cells in girdle view 125-136p x 35p, with 16 rows of punctae/10p.
PL. 2, fig. 9.

Present only in P-ponds, 16 samples from May to October, reaching
102 cells/ml concentration in September.

72. Tropidoneis pusilla (Greg.) Cl.; Hendey, 1964, p. 256, pl. 27,
£. 1-2. Cells in girdle view 55-66p x 18-27p, with 18-20 striae/10p.

Present in one P-pond and two C-pond samples, summer and autumn.

73. Denticula cf. subtilis Grun.; Hustedt, 1955, p. 43, pl, 9, f.
26, Valve 8p x Ip, with 8 costae/lOp.

Single P-pond presence in May.

4. Rhopalodia musculus var. producta Grun.; Peragallo, 1908, p.
303, pl. 77, £. 23-24. Valves 17-21p x 7-9p, with 16 striae/l0p. Pl.

2, fig. 10.
Present in pond C-3 from October to March.

75, Cylindrotheca gracilis (Breb.) Grun.; Hustedt, 1930, p. 393,
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f. 746. Gells 88-143p x 3-4.54, with 22 fine keel punctae/10p.

Presence in two C-ponds in February.

76. Bacillarta paradoxa Gmel.; Hustedt, 1930, Bacill., p. 396, f.
755. Cells 84-108u x 4.5y, with 10 keel punctae/lOp and 30 striae/lOp.
P1. 2, fig. 11,

Presence only in C-ponds, 10 samples from winter to summer.

77. Nitzschia compressa (Bail.) Boyer; Wood, 1961, p. 694, pl. 55,
f. 174. Valves 17-32p x 11-1l4p, with 7 rows of areolae/iOp. PL. 2, fig.
12.

Present in four C-ponds from spring and summer, four P-pond samples
from summer and autumn.

78. Nitazschia marginulata Grun.; Peragallo, 1908, p. 270, pl. 70,
f. 14-17. Valve 88p x 13p, with 12 keel punctae and 24 striae/l0p.

Single winter C-pond sample.

79. Nitzschia apiculata (Greg.) Grun.; Hustedt, 1930, Bacill., p.
401, f£. 765. Valves 37-59p x 6-8p, with 13 keel punctae and 24 striae/10u.
P1. 2, fig. 13.

Presence in 28 C-pond samples from all seasons, 10 P-pond samples
from May and November to March.

80. Nitszechia hybrida Grun.; Hustedt, 1930, Bacill., p. 406, f.
778. Valves 57p x 8y, with 12 keel punctae and 20 striae/10p.

Present in two C-pond samples from Februatry and March.

81. Nitaschia hybridaeformis Hustedt, 1955, p. 44, pl. 15, £, 9-11.
Cells 25-36y x 6-8y, half the length given by Hustedt, with 10 keel punc-
tae and 30 delicate striae per 10p. Pl. 2, fig. 14,

Presence in four C-pond samples, from February to June.

82. Nitzschia panduriformis var. minor Grum.; Peragallo, 1908, p.
269, pl. 70, f. 6. Valves 16—33p X 5-13y, with 10 keel punctae and 24
rows of punctae/l0p. Pl. 2, fig. 15.

Presence in six C-pond samples from spring to autumn, cne P-pond
sample from May.

83. WNitzechia spathulata Breb.; Peragallo, 1908, p. 284, pl. 73,

f. 4. Cells 41-6lp x 6-9p, with 5 keel punctae/l0p. PLl. 2, fig. l6a-b.

Presence in 14 P-pond samples from August to April, twe C-pond sam-
ples from November and December.

84, WNitzschia cf. angularis Sm.; Peragallo, 1908, p. 284, pl. 73,
f. 6-7. Cells 52-56p x 8-9p, with 4-5 keel punctae/10p. PL. 2, fig. 17.
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Presence in eight C-pond samples from March te June, and three P-pond
samples from May to July,.

85. WNitsschia cf. comminis var. hyalina Lund, 1946, p. 104, £. 136K.
Valves 10-1&p X 2-3p, with 16-18 keel punctae/lOp, no striae visible. Pl.
2, fig. 1Ba-b.

Presence in 10 P-pond samples from all seasons, with 103 cells/ml
concentrations from July to September; presence in 9 C-pond samples, Jan-
uary to April and in September. See figs. 2 and 3 for seasonal distribu-
tion.

B6. Nitzschia cf. laevis Hustedt, 1955, p. 46, pl. 15, F. 5. Valve
18p x 5y, with 16 keel punctae/10p, no striae visible.

Present in pond C-3 in February and April.

87. WNitzschia proxima Hustedt, 1955, p. 46, pl. 16, f. 3. Cells
12-35p x 1.5-3p, with 10-13 keel punctae/10p and 25 striae/10p. P1l. 2,
fig. 19.

January to September C-pond presence in 26 samples with densities
reaching lO2 cells/ml each season and a peak of lO4 cells/ml in August;
presence in six P-pond samples from all seasons with 103 cells/ml in
May. See fig. 2 for seasonal distribution.

88. WNitaschia frustulum (Kutz.) Grun.; Hustedt, 1930, p. 414, f.
795. Valves 25-36p x 4-5y, with 11 keel punctae and 22-24 striae/10p.

P1. 2, fig. 20.

Presence in 30 C-pond samples from all seasons, and seven P-pond
samples from July and winter.

89. WNitzschia grossestriata Hustedt, 1955, p. 46, pl. 16, f. 8-10.
Valves 33-42y x 5-bp, with 8 keel punctae and 16 rows of punctae/lOp.

Pl. 2, fig. 21.

Four presences in pond C-3, summer and autumn.

90. MNitzschia cf. fonticola Grun.; Hustedt, 1930, Bacill., p. 415,
£. 800. Valves llp x 2 y, with 12-16 keel punctae and 24 striae/10p.

Presence in three C-pond samples from winter.

91. Nitzsehia cf. serpenticula Cholnoky, 1968, p. 79, . 1438.

Valves sigmoid, 20-31p x 2.5-3p, with 16-18 keel punctae/lOp. Pl1. 2, fig.
22.
Presence in 13 C-pond samples from January to May, also July and

October; one P-pond presence in August.
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92. Nitzschia sigma (Kutz.) Sm.; Hustedt, 1930, Bacill., p. 401,

f. 813. Valves 110-335p x 9-13u, with 6 keel punctae and 30 striae/10p.
P1. 2, fig. 23.

Presence in 14 C-pond samples from winter to summer, one P-pond
presence in June,

93. Nitzschia sigma var. rigidula Grun.; Peragallo, 1908, p. 291,
pl. 74, £. 10-11. Sigmeld valves 48—120p X 4.5—6.5p, with 9 keel punctae
and 32 striae/lOP. PL. 2, fig. 24.

Presence in 19 C-pond samples from all seasons, three P-pond samples
in winter.

94. Nitzschia obtusa var. scalpelliformis Grun.; Hustedt, 1930,
Bacill.,, p. 422, f. Bl7d. Valves 57-63p x 4.5-5.5p, with 8-9 keel punctae/
10p. Pl. 2, fig. 25.

Presence in pond C-3, April to June and September.

95. Nitzschia longissima (Breb.) Ralfs.; Cupp, 1943, p. 200, f. 154.
Valves 135-225p x 4.5-7p, with 12 keel punctae/lOp. Pl. 2, fig. 26.

Presence in 27 C-pond samples from all seasons, three P-pond samples
from fall and winter.

96. Nitaschic closteriwn W. Sm.; Hustedt, 1955, p. 48, pl. 16, f.
16-18. Cells 35-92p x 2-6.5p, with 12-16 keel punctae/10p. Pl. 2, fig.
27a-c.

- Presence in 35 C-pond samples from every month; presence in 35 P-pond
samples from every season with peaks of 103 cells/ml in summer, 104 cells/ml
in October, and 105 cells/ml in April. See figs. 2 and 3 for seasonal dis-
tribution.

97. Genus? species? Somewhat lunate cells with bluntly rounded
ends, containing one or two strap-shaped pale yellow-green plastids, the
cell walls surviving treatment for clearing diatom frustules and bearing
fine marginal striations, 12/10p, appearing not to be keel punctae; neo
raphe present. Cells 34-36p X &-SP. Pl. 2, fig. 28.

Present in three C-pond samples from summer.

(Class Cryptophyceae)

98. JHemiselmis virescens Droop; Campbell, 1973, p. 103, pl. 1, f.
la-b, pl. 22, f. 1-3. Bean-shaped cells b-bp x 2—AP with turqueise
chromatophore and spherical refractive body but no stigma. Pl. 2, fig.
29a-b,
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Present in 32 C-pond samples from all seasons, numbers building from
lO2 cells/ml in late spring to 103 cells/ml levels in July and August;
present in 28 P-pond samples from all seasons, with 10& cells/ml levels
reached in July and September. See figs. 2 and 3 for seasonal distribu-
tion.

99. Chroomonas diplococea Butcher, 1967, p. 26, pl. 1, f. 1l4. Ovoid
cells 7-8p x 4-6p, with single parletal turquoise green chromatophore and
1-2 refractive bodies but no pyrenoid or stigma. PLl., 2, fig. 30.

Present in six P-pond samples from spring to fall, two C-pond sam-—
ples from summer and two from January.

100. Chroomonas minuta var. apyrenoidosa Hulbert; Campbell, 1973,
p- 107, pl. 1, f. 4a-f, pl. 22, f. 5-6. (Butcher, 1967, places all
Rhodomonas specles with only two rows of trichocysts in the genus
Chroomonas.) Cells 6-8p x 3-5p, with single dorsal golden brown chroma-
tophore sometimes with a reddish tint, and a spherical refractive body
near the apex. Pl. 2, fig. 3la-b.

Present in three P-pond samples in August and September, P-3 in
August lO4 cells/ml; presence in nine C-pond samples, in September and
January to March, reaching lO2 cells/ml.

101, Chroomonas amphioxetiq (Conr. & Kuff.) Butcher; Campbell, 1973,
p. 108, pl. 1, £. 5a-e, pl. 22, £, 7-9. Cells irregularly oval but vari-
able in shape, two rows of trichocysts, dorsal yellow-brown chromatophore
and anterior refractive body, sometimes a pyrenoid-like bulge present imn
the chromatophore. Pl. 2, fig. 32a-c showing some of the variability in
form. Cells 6-11p x 4-7yu,

Present in four C-pond samples from spring to autumn; presence in 14
P-pond samples from May tec October reaching abundances of 104 cells/ml in
July and August. See fig. 3 for seasonal distribution.

102. C(ryptomonas stigmaticum Wislouch; Carter, 1937, p. 53, pl. 6,
f. 38-40. Generally ovoid cells 12-16p x 6-10p, golden-brown chromato-
phore parietal, with ventral red stigma, two starch-ensheathed pyrenoids
in the middle of the cell.

Present in two P-pond samples, July and October.

103. Cryptomonas pseudobaltica Butcher; Campbell, 1973, p. 109, pl.
l, £. 6a-1i, pl. 22, f. 10-12. Ovoid cells 13—16p X 7—9p, with parietal
reddish- to yellowish-brown chromatophore and dorsal pyrenoid with starch

sheathe, four rows of trichocysts lining the gullet. P1. 2, fig. 53.



383

Present in eight P-pond samples from all seasons, two C-pond samples
from September.

104. Cryptomonas testacea Campbell, 1973, p. 113, pl. 2, f. 9a-d,
pl. 22, f. l4-16. Elongate-elliptical cells 18-25p x 7-llp, with central
starch-ensheathed pyrenoid.

Presence in three C—ponds, February and March, one February P-pond.

105. Cryptomonas cf. aeuta Butcher, 1967, p. 40, pl. 5, £. 4. Halif-
ovate cells 15-16p x 7-8p, flattened ventrally, posteriorly acute, with
central pyrenoid and olive brown chromatophore.

Presence in two C-ponds from July, one P-pond in February.

106. Cryptomonas cvata Ehr.; Campbell, 1973, p. 114, pl. 2, £. 1la-b,
pl. 22, f. 17-18. Ovate cells 18-21p x 10-11p, starch grains obscuring
all internal detail but the two parietal olive green golden chromatophores
and the large gullet outlined by many trichocyst rows.

One P-pond presence in November, one C-pond presence in December.

(Class Dinophyceae)

107. Prorocentrum mintmam (Pav.) Schiller; Campbell, 1973, p. 118,
pl. 3, f. l4a—c, pl. 23, f. 2. Cells broadly ovoid and compressed, l4-
20p x 11-20p x 8p, theca of two valves with striate margins, apical
tooth blunt and short, sometimes absent. Yellow-brown chromatophores
irregularly lobed, nucleus basal. PIl. 3, fig. lA.

Present in four C-pond samples from winter, abundant in 11 P~pond
samples from fall, winter, and April, reaching 10& cells/ml densities
in November and December. See fig. 3 for seasonal distributiom.

108. FEruviaella compressa (Stein) Ostenfeld; Campbell, 1973, p. 119,
pl. 3, f. léa-c, pl. 23, £. 5-6. Elliptical cells slightly compressed,
20p x 1é6p, two yellow-brown parietal chromatophores with two central
pyrenoids, basal nucleus.

Single winter C-pond presence.

109. Oxyrrhic marina Dujardin; Schiller; Campbell, 1973, p. 126,
pl. 4, f. 22a-f, pl. 24, £f. 1-3. Cells generally elongate-elliptical
with unsymmetrical hypocone, 27p x 18p, no chromatophore, granular cyto-
plasm, nucleus in epicone. P1l. 3, fig. 1B.

Present in 11 P-pond samples from January to April, 102 cells/ml

each month. See fig. 3 for seasonal distribution.
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110. Gymnodinium danicans Campbell, 1973, p. 133, pl. 5, f. 30a-f,
pl. 25, f. 4-6. Orbicular cells with obliquely truncate entapex, 9-20p
x 8-18p, dorsiventrally compressed; girdle sub-equatorial, wide and
shallow, displaced 1/2 girdle width, sulcus on hypocone only, shallow;
transverse flagellum encircling cell, longitudinal flagellum 1 1/2 times
body length; chromatophores irregularly elliptical, yvellow-brown, periph-
eral, around five in number; spherical nucleus centrally placed; cne to
several red stigmatic granules adjacent to the sulcus. Pl. 3, fig. 2.

Present in three C-pond samples from spring and fall, and in three
P-pond samples from summer and winter.

111.  Gymmodiniuwm aurantiwn Campbell, 1973, p. 136, pl. 6, f. 33a-d.
Broadly fusiform cell l4p x 9p, with conical epicone and rounded hypo-
cone, median girdle, orange chromatophores.

Single C-pond presence in July.

112, Gymmodiniwm sp.; Orbicular cells 9-13p x 7-11p, sub-equatorial
girdle displaced 1/2 girdle width, wide and shallow, sulcus shallow on
hypocone, longitudinal flagellum 1 1/2 times body length, chromatophores
absent, food body often in epicone, nucleus basal. Pl. 3, fig. 3.

Pregsent in four C-pond samples from spring to autumn, and five P~
pond samples from spring, autumn and winter.

113. Gymmodiniwn roseostigma Campbell, 1973, p. 137, pl. 6, f. 35a-d.
Broadly elliptical cells somewhat dorsiventrally compressed, 8-15p x 6~
lZp; girdle sub-equatorial, wide and shallow, not displaced, sulcus very
shallow on hypocone; transverse flagellum encircling the body, longi-
tudinal flagellum somewhat longer than body length; chromatophores absent;
large spherical nucleus in hypocone; elongate pale red stigma adjacent to
the sulcus. Pl. 3, fig. 4,

Present in six P-~pond samples from summer and winter, with lO2
cells/ml in both seasons; one C-pond sample from autumn.

114, Katodinium asymmetricwn (Massart) Fott; Campbell, 1973, p.
149, pl. 7, £. 49a-c, pl. 26, f. 3. Arrowhead-shaped cells 17p % 12y,
chromatophores absent, assimilate body often present in epicone, nucleus
in hypocone. Pl. 3, fig. 5.

Present in three P-ponds from summer, with 102 cells/ml in July.

115. Gyrodinium dominans Hulburt; Campbell, 1973, p. 161, pl. 10,
f. 63a-b, pl. 27, f£f. 3-4. Broadly fusiform cells 16_30P X 11.5—20p,
longitudinal striations on body, girdle displaced 1/4 the body length,
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chromatophores absent, nucleus central, food body often in the hypocone.
Pl. 3, fig. 6.

Present in 10 P~pond samples from late spring to early winter with
102 cells/ml concentrations from July to September; present in four C-pond
samples, May and September.

116. Gyrodinium estuariale Hulburt; Campbell, 1973, p. 154, pl. 8,
f. 59a-g. Ellipsoid cells 11-15p x 7.5-9p, dorsiventrally compressed
with somewhat obliquely truncate antapex, wide shallow girdle displaced
one girdle width, sulcus shallow on hypocone, chromatophores brownish-
vellow, one or two in hypocone and in epicone, central nucleus. Fl. 3,
fig. 7.

Presence in two C-pond samples from August, with lO2 cells/ml in
C-1; two P-ponds in August; one P-pond in April with 103 cells/ml.

117. Gyrodinium metum Hulburt; Campbell, 1973, p. 157, pl. 9, f.
58a-q, pl. 26, £. 12. Broadly fusoid cells 9p x 7p, with "chinaman's
hat" epicone, chromatophores absent, nucleus sub-central. Pl. 3, fig. 8.

Abundant in three C~pond samples from July to September, reaching
lO3 cells/mt in August; 102 cells/ml in three P-ponds from August.

118. Glerodinium sp. Orbicular cells 24-32p x 22-30p, undisplaced
median girdle, chromatophores absent, very granular cytoplasm.

Present in three C-pond samples from spring, summer and winter,
three P-pond samples from autumn and spring.

119. Heterocapsa triquetra (Ehr.) Stein; Campbell, 1973, p. 172,
pl. 12, f. 78a-d, pl. 28, f. 5-6. Thecate spindle-shaped cells 23-25p
X 12-15p, irregularly lobed vellow-brown chromatophores, large ellipti-
cal nucleus in the epitheca. P1l. 3, fig. 6.

Presence in four C-pond samples from winter, five P-pond samples
from February and March.

120. Peridinium aciculiferum Lemm.; Campbell, 1973, p. 174, pl. 12,
£, 80a-e, pl. 28, f. 7-9. Broadly ovoid cells 33~45p x 27-38p, theca
with apical horn, 2-4 antapical spines, numerous elongate golden-brown
chromatophores, large elongate red stigmatic body adjacent to sulcus.
P1. 3, fig. 10.

Present in pond P-3 in September, lO2 cells/ml, and October; C-pond
presence in September.

121. Peridinium achromaticum Lev.; Schiller, 1937, p. 229, f. 225.
Rhomboid thecate cells BA—AIP X 29-36p, sulcus excavating the antapex,
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chromatophores ahsent, large elliptical nucleus in center of cell. PL, 3,
fig. 1la-b.

Present only in P-ponds, 15 samples from May te October, with 102
cells/ml levels in May and August.

122.  Peridinium cf. trochoidewn (Stein) Lemm.; Campbell, 1973, p.
173, pl. 12, £. 79a-b. Pear-shaped cells 21-25p % 17-18p, epitheca with
apical horn, hypotheca hemispherical, chromatophores deep golden=brown.

Pregsence in one C-pond and one P-pond in autumn.

(Class Haptophvceae)

123. Hymenomonas carterae {(Braarud & Fagerl.) Braarud; Campbell,
1973, p. 187, pl. 14, f. 95, pl. 30, f£. 1-2. (May be synonymous with
Aspidiophora viridissima Sj8stedt, 1924, p. 9, f. 19-26.) Globular cells
6.5-13p in diameter, covered with elliptical ring coccolith scales 1.3 x
2p in size, two flagella, two golden-brown parietal chromatophores. PI.
3, fig. 15.

Present in five C-1 pond samples from spring and winter, with 103
cells/ml in April.

124. Chryscehromulina sp. (species identification requires E. M.
detail of body scales}; Sub-orbicular cells 4=7p x 3.5—6p, two parietal
brownish-yellow chromatophores and basal leucosin bedy, two flagella and
a haptonema up to 20p long when extended. FPl. 3, fig. léa-b,

Present in nine C-pond samples from spring to winter, with 103
cells/m)! in August, 101+ cells/ml in October; present with 103 cells/ml
concentrations in three P-ponds from May.

125. Prymmesiwn parvwn Carter; Campbell, 1973, p. 182, pl. 14, f.
9la-d, pl. 29, f. 3-5. Elongate-elliptical cells 8-1lp x 3.5-4.5p with
obliquely truncate apex, two long parietal brownish- to greenish-yellow

chromatophores, two flagella and a short haptonema. Pl., 3, fig. 17.

Present in six C-pond samples, winter to summer.

(Class Chrysophyceae)

126. Ochromonas sp. (with affinities to . minusceula Conrad, 1930);
Cells 5-9P X 4-8p, basically orbicular but variable in shape, two flagella
with the shorter 2/3 the length of the longer, a single parietal olive-

yellow chromatophore with no stigma. Pl. 3, fig. 18a-d.
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Present in three C-pond samples in winter, a density of 104 cells/ml
in January. See fig., 2 for seasonal distribution.

127. Ochromonas sp. (with similarities to 0. vallesiaca Skuja, 1948);
Cells orbicular to elliptical, 4.5-8p diameter, cell surface rugose prob-
ably from presence of small scales, single parietal strap-shaped brownish-
vellow chromatophore bearing an orange stigma on an anterior corner; Lwo
flagella, the shorter less than 1/3 the length of the longer. Pl. 3, fig.
19,

Presence in eight C-pond samples from spring to autumn with 103 cells/
ml levels in April and July; single P-pond presence in July with 10& cells/
ml., See fig. 2 for seasonal distribution.

128. Paviova gyrans Butcher, 1952, p. 183, pl. 2, f. 35-38. Ovoid
to obovoid cells 7-9u x 4-4.5p; thick sigmoid anteriorly directed flagel-
lum, short fine laterally directed flagellum, and long fine trailing
haptothrix all inserted anterioventrally; two parietal brownish- to
greenish-yellow chromatophores, one bearing an anterior orange stigma.

Pl. 3, fig. 20.

Present in five C-pond samples from February and March.

129. Monochrysis lutheri Droop; Campbell, 1973, p. 191, pl. 15, f.
10la~c. Sub-triangular cells strongly compressed, 5p X 4p X 2.5p; a thick
sigmoid flagellum anteriorly directed and a fine short flagellum laterally
directed beth inserted in the concave side of the cell; twe olive green
chromatophores, the more posterior one associated with a cluster of
orange granules. Pl. 3, fig. 2la-b.

Present in three C-pond samples from spring, with lD4 cells/ml in
March and 103 cells/ml in April; one P-pond presence in April with 102
celis/ml.

130. Calyecomonae ovalis Wulff; Campbell, 1973, p. 200, pl. 16, f.
112a-b, pl., 31, f. 10-12. Ovoid orange lorica 5u x &p with a small
anterior opening and 5-6 annular thickenings. Pl. 3, fig. 39.

Present only in C-ponds, seven samples from August to October.

(Class Xanthophyceae)

131. Wephrochloris salina Carter; Campbell, 1973, p. 202, pl. 17,
f. 115a-b, pl. 32, f. 1-2. Sub-elliptical cells dorsiventrally compressed,
6-10p x 5-7p; thick sigmoid flagellum anteriorly directed, fine short
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flagellum laterally directed, both inserted anterioventrally, two parietal
greenish-yellow chromatophores, two central disc-shaped refractive bodies.
Pl. 3, tig. 22,

Presence only in P-ponds, eight samples from summer to winter, with
102 cells/ml in August and September.

132. Monallantus stichococcoides Pascher, 1939, Heterokont., p. 425,
f. 292. Cylindrical cells 3-7p x 1.5-2.5p, with delicate walls, solitary,
1-2 pale green chromatophores with no pyrenoids. P1l., 3, fig. 23a-f.

Abundant in C-ponds only, 18 samples from January to May, October to
December, with densities of 103 cells/ml in February and March, 104 cells/
ml in January and May, and 105 cells/ml in April. See fig. 2 for seasonal
distribution.

133. Monodus aff. guttula Pascher, 1939, p. 438, f. 301. Comma-
shaped cells 3-5p x 2-4p, with mucronulately tipped delicate walls, 1-2
pale green chromatophores, several refractive globules in the cell ends.
Pl., 3, fig. 24a-i.

Presence in six C-pond samples from winter and spring; from 36 P-pond
samples, with abundance in seven samples from August to November and one

sample in April with 103 to 104 cells/ml concentrations, and pea-soup

dense dominance in 28 F-pond samples with 106 cells/ml densities from
January to March building teo 10? cells/ml in April, followed by a sharp
and complete crash of the blooms on May 11, cells returning in August and
attaining 106 cells/ml concentrations again from October to April. See
Fig. 3 for seasonal distribution.

134. Goniochloris pulehra Pascher, 1939, p. 623, f. 483. Strongly
compressed triangular cells 1lp x 10p x 2.5-5p, with a regularly warty
patterned cell wall, 3-6 pale green chromatophores, sometimes a cluster
of orange granules in the center. Pl. 3, fig. 25a-d.

Presence in two C-pond samples from summer and autumn; presence in
22 P-pond samples from May to December, also February and April, from
104 cells/ml in May and June, 103 cells/ml in June and July, down through
102 cells/ml in August and September. See fig. 3 for seasonal distribu-
tion.

135. Centritractus aff, belonophoris Lemm.: Pascher, 1939, p. 853,
£. 707, 709, 711. Cylindrical cells 5-9p x 2-2.5p, cell wall halves with

acute ends extended into long setae. These cells are less than a third

the size given by Pascher. P1. 3, fig. 26.
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Abundant in two C-pond samples from August and September, two P-pond
samples from August, 103 to lO2 cells/ml.

136. Genus? species? Elongate-cylindrical cells 4-15p x 1-1.5y,
with 1-2 elongate pale greenish-yellow plastids, pale bluish globules at
the ends of the cell. Pl. 3, fig. 27a-c.

Presence in six C-pond samples from summer to winter and the follow-
ing spring with 103 cells/ml in July and April; presence in two summer

P-pond samples.

(Class Euglenophyceae)

137. Eutreptia cf. lanowii Steuer; Campbell, 1973, p. 208, pl. 17,
f. 122a-g, pi. 32, £. 7-9. Fusiform cells long pointed posteriorly, 21-
55p x 7-18u, with two flagella, one the length of the cell, the other
half this length; large red anterior stigma, numerous discold green
plastids, no pyrenoids, numerous elliptical pyramylum grains, central nu-
cleus. Pl. 3, fig. 12.

Presence in four C-pond samples from spring and winter, four P-pond
samples from autumm.

138. Euglena aft. proxima Dangeard; Campbell, 1973, p. 209, pl. 18,
f. 123a-e, pl. 32, f. 10. Metabolic cells generally fusiform with taper-
ing posteriority, 23-45u x 7-15p, flagella about cell length, anterior
red stigma, numerous discoid small green plastids and numerous discoid
paramylum grains. Pl1. 3, fig. 13.

Present in two C-pond samples in May, up to 102 cells/ml; present
in four P-pond samples, summer and fall.

139. Fugleng pumila Campbell, 1973, p. 121, pl. 18, f. 127a-g.
Generally fusiform metabolic cell llp x 5p, with anterior red stigma
and two green plastids.

Single C-pond presence in July.

140. Trachelomonas 7 obovata Stobes; Pascher & Lemmermann, 1913, p.
151, f. 287. Obovate orange theca 16—18p x 9-10p with rugose surface and
a ringed apical pore, olive-green plastids inside. PLl. 3, fig. 14.

Presence in pond C-3 from March to July, four other C-pond samples

from winter and spring.
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(Class Prasinophyceae)

141. Pedinomonas minor Korsch.; Ettl, 1967, p. 3, pl. 1, f. 7, pl.

2, £. 6~8. FElliptical cells 3p x 2p, laterally placed green plastid with
red stigma, a single short flagellum curving around the plastid side of the
cell. Pl. 3, fig. 28A.

Present in six C-pond samples f{rom spring to autumn with 103 cells/ml
in July; four P-pond samples from spring to autumn with lO3 cells in May.

142. Nephroselmis gilva Parke & Rayns, 1964, p. 209, f. 1-25. Ovate
cells 3p x 2y, laterally compressed, with unequal flagella trailing when
motile but the shorter often curved around body when at rest, lcbed green
plastid with basal pyrenoid, stigma absent. Pl. 3, fig. 28B.

Present in three C-pond samples from spring, summer, and autumn; three
P-ponds in April with 10°-10" cells/ml.

143. Heteromastix pyriformis (Carter) Manton; Campbell, 1973, p. 215,
pl. 19, f. 13la-b, pl. 33, f. 4-6. Pyriform compressed cells 4.5-bp x 4-5p
X 2=3p, with a thicker curved 9p flagellum and thinner 16-27p flagellum,
parietal green plastid with basal pyrencid and two antericr lobes, one
bearing a red stigma. Pl. 3, fig. 29.

Present in 13 C-pond samples from all seasons with 102 cells/ml
abundances in late spring and summer; present in six P-pond samples with
some 102 cells/ml concentrations in summer, autumn, and spring.

144, Pyramimonas grossii Parke; Campbell, 1973, p. 215,
pl. 19, f. 132a-e. Obovoid cells with four-lobed anterier 8p x 5p, four-
lobed plastid with basal pyrencid, lateral red stigma, four flagella.

Single summer C-pond presence.

145. Pyramimonas plurioculata Butcher; Campbell, 1973, p. 218, pl.
19, £. 135a-d, pl. 33, f. 9. Somewhat pyramidal cells 6~8p x 4-5p with
bluntly rounded posterior and four-lobed anterior, four flagella, a four-
lobed green plastid with basal pyremoid, an anterior double red stigma
between two lobes and posterior red granules. PL. 3, fig. 30.

Presence in nine C-pond samples from spring to early fall; presence in
15 P-pond samples in the same time period with 104 cells/ml in June, 103
cells/ml in June and July. See figs. 2 and 3 for seasonal distributionm.

146. Pyramimonas cf. mieron Conr. & Kuff.; Campbell, 1973, p. 217,
pl. 19, f. 134a-d, pl. 33, £. 8. Sub-hemispherical cells 4~5p x 4-5p
with four-lobed anterior, four flagella, four-lobed plastid with basal

pyrenoid and red stigma at the tip of one of the lobes. Pl. 3, fig. 31.
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Summer presence in one C-pond; presence in six P-pond samples with
10 cells/ml density in June, 105 cells/ml densities in July.

147. Tetraselmis contrgeta {Carter) Butcher; Campbell, 1973, p. 220,
pl. 20, f. 13%a-b. Broadly ovoid cell with two-lobed anterior 19p x lap,
compressed, protoplasm contracted away from the cell wall, two-lobed green
plastid, large anterior stigma.

Single spring C-pond presence.

148. Tetraselmis maculata (Kylin) Butcher; Campbell, 1973, p. 222,
pl. 20, f. 14la-b, pl. 33, f. 13. Ovate compressed cells 8-13.5p x 5—9p,
two rounded anterior lobes, four flagella, two-lobed rugose green plastid
with basal pyrenoid, large red stigma near the pyrenoid. P1l. 3, fig. 32.

Presence in six C-pond samples from all seasons, one P-pond sample

from summer.

{Class Chlorophyceae)

149, Chlamydomonas sp. Ovoid cells 4-5p x 3-4p with cup-shaped
green plastid filling the posterior half of the cell, large lateral orange-
red stigma, two flagella, pyrenoid apparently absent. Pl. 3, fig. 33.

Presence in pond C-3 in February and March, P-1 in July and August
with 102 cells/ml.

150. Nannochloris qtomug Butcher, 1952, p. 181, pl. 1, f. 27-29.
Small spherical green cells 2.2-3.5p in diameter, with granular cytoplasm.
Pl. 3, fig. 34a-b.

Presence in 16 C-pond samples from all seasons, 104 cells/ml in April
increasing to lOS in May, ]_O3 from August to October; abundance in six
P-pond samples, 103 cells/ml in May, July and September. See figs. 2 and
3 for seasonal distribution.

151. Genus? species? (perhaps related to Nammochloris bacillaris
Naumann; Whitford & Schumacher, 1969, p. 16, pl. 3, £. 13.) Tiny sub-
spherical cells 1.5-2p in diameter, with a parietal cup-shaped green
plastid filling less than half the cell. Pl. 3, fig. 37.

Presence in four C-pond samples from September and December, with
103 cells/ml in September; single September P-pond presence.

152. Ooeystis parva West & West; Whitford & Schumacher, 1969, p. 47,
pl. 12, f. 14. Football-shaped cells 6-15p x 5-12p, cell wall not
thickened to form tips, 1~4 parietal green plastids. Pl. 3, fig. 35a-b.



392

8ingle C-pond presence in June; 30 gsample P-pond presence from all
seasons, with 104 cells/ml levels in July and September and 103 cells/ml
in May, June and August. See tig. 3 for seasonal distribution.

153. Genus? sgpecies? Small ovoid cells 4=5p x 3-4p, with a parietal
green plastid covering the cell surface. P1. 3, fig. 36a-h,

Presence in seven C-pond samples from July to November, 102 cells/ml

in summer, 103 cells/ml in September.

(Class Cyanophyceae)

154. Merismopedia glauca (Ehr.) Nag.; Whitford & Schumacher, 1969,
p. 132, pl. 60, f. 46. Monostromatic colonies of groups of tetrads of
granular blue-green cells each 4—5P in diameter.

Single C~pond and single P-pond presence in summer.

155. Spirulina subsalsa Oersted; Prescott, 1962, p. 480, pl. 108,
f. 14. A 1lp thick bluegreen filament tightly coiled into a 2.5y spiral,
with motility, P1. 3, fig. 38.

Presence in pond C-3 from September to December, presence in five

P-pond samples from autumn and winter.
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TABLE 1
18 C-POND DOMINANT and/or POTENTIAL INDICATOR SPECIES

* = Potential indicator species

DOMINANT SPECIES MAXTMUM C-pond/P-pond
attaining concentrations SEASCON OF DENSITY FREQUENCY
of 103 cells/ml or more DOMINANCE cells/ml RATIO

1. Monallantus stichococcoides WigE%{ﬁg 7 x 105 18/0 *
2. Nannochloris atomus Spring 9 x 105 16/6
3. Oehromonas ? minuscula Winter 1x 104 3/0
4. Cyclotella caspia Summer 1 % 10* 12/2
5. Moncchrygis luthert Spring 1 x 104 3/1
6. Nitzschia proxima Summex 1 x 10* 26/6
7. Hemiselmis viraescens Summer 3 x 103 32/28
8. Ochromonas 7 vallesiaca Spring 1 x 103 8/1
9. Pedinomonas mivor Summer 1 x 10° 6/4
SPECIES with concentrations less than 103 cells/ml
showing high C-pond/P-pond frequency ratios
10. Navieula rogallii 22/0 *
11. PNavieula cf. muralis f. agrestis 16/0 *
12. PRavicula cf. friska 16/0 *
13. Amphiprora paludosa var. hyalina 13/0 *
14. Baeillaria paradoxa 10/0 *
15. Nitaschia sigma 14/1 *
16. Amphora angusta 13/1 *
17. Nitazschia cf. serpenticula 13/1 *

18. Diploneis smithii 36/3 *
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TABLE 2

23 P-POND DOMINANT and/or POTENTIAL INDICATOR SPECIES

* =

DOMINANT SPECIES
attaining concentrations
of 103 cells/ml or more

Monodus gquttula

Chaetoceros muelleri
Nitzschia elosterium
Prorccentrwn minimum
Nephroselmis gilva
Hemiselmis virescens
Ooeystis parva
Chroomonas amphioreia
Goniochloris pulchra
Pyramimonas plurioculata
Navicula arvensis
Nannocehloris atomus
Ochromonas t vallesiaca

Nitzschia cf. communis
var. hyalina

Gyrodinium estuariale

Cycelotella striata
var. ambigua

Pedinomonas minor
Coscinodiscus sublineatus

Nitaschia proxima

SPECIES with concentrations less than 103

SEASON OF
DOMINANCE

Autumn, winter
and spring
Summer, autumn

Autumn, spring
Autumn
Spring

Summer, autumn

Summer, early fall
Summer
Late spring
Summer
Summer
Summet
Summer

Summer

Spring

Summer

Spring
Summer

Spring

Potential indicator species

showing high P-pond/C-pond frequency ratios

Tropidoneis lepidoptera
Peridinium achromaticum
Oxyrrhis marina

Nephrochloris salina

MAX TMUM P-pond/C-pond
DENSITY FREQUENCY
cells/ml RATIO
12 x 10° 36/6 *
3 x 10° 23/12
2 x 10° 35/35
9 x 10 11/4
9 x 10 3/3
7 x 10° 28/32
2 x 10% 30/1 *
2 x 10° 14/4
1 x 10% 22/2 *
1 x 10 15/9
1 x 10° 13/1 *
1 x 10° 6/16
2 x 10 1/8
8 x 10° 20/9
6 x 10° 3/2
4 x 10° 29/1 *
2 x 105 4/6
1 x 10 16/0 *
1 x 10° 6/26
cells/ml
16/0 *
15/0 *
10/0 *
8/0 *



398

TABLE 3

AVERAGE PROTOPLASMIC VOLUMES
FOR DOMINANT PHYTOPLANKTON SPECIES
WITHCUT LARGE CENTRAL VACUOQLES
measured in cubic microns

1. WNannochloris atomus 12 p3
2. lonodus guttula 20 p°
3. Monallantus stichococcoides 25 p3
4, Honochrysis lutheri 35 p3
5. Hemigelmis virescens 45 p3
6. Ochromonas spp. 60 p3
7. Pyramimonas plurioculata 90 p3
8. Chroomonas amphioxeia 100 p3
9. Oocystis parva 130 p3
10. Goniochloris pulchra 230 p3
11. Prorocentrum minirwm 1150 p3

Cell volumes determined by measuring the water
displacement of clay scale models.
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Skeletonema costatum [Grov, b o0,

_Zulatv la strinta wvar. ambisua Grun.

Syclotella caspla Grun,

ZosclowdifSeus sul-lineatus 3run,

Chactateras debills 7T,

Chackoceros muelieri Lemm,, & thinly silicifier
c211 from Octaber, Le restime spere,

cearataulina bersonl Per.

Syredra tabulita Tar.) katr,

Asteriunclla japenica T1,, ‘th colany,

Acnanthes ﬁrkvntalls Hust

. Mastanloia pumiln [Ferun, } ”L

.5 rnsi‘"m fasclaola (Bhr,} 5riff. & Henfr,
,zru\iwma BALT L um IIhr.J tabh,

Pleuresigma salinarum ‘irun,

. ‘Iﬁi—'o Tama strimasum o, Sm.

ilplanels smithi (freb.) 71,

aviculi pygwsia uts.

aviculs arvensis Hust,

AVICULA °f. MarALLs f, agrestis {Huse, | T ong

avicula «f, friska "arter

avicula rogalll] Juse,
avicula sy,

Avicula s,

tavicwln salinarum SGraon,

Tavicula leoceolata {ag.) tutz,

. Wayicuia =F. peragrina (Ehr.) Yuty.

. YavlciVa yarrensis Grua.
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imphora cf. delicatissima Krasshke
dmohara of, tumida Tust,

imphora granalata Grae,

Amphiors ovalis var. aftinis [run,
IMDRATA AnsusEa Greg.

Ymnhora anjustas var, ventricosa areg,
Amphiprora paludosa var. duplex Donk,

limpltlorara paludosa var. hyalina Eulenst,

Itpoiduncis lopidaopkara iren.
Hhopaledia musculus yar, producta ftrun.
paradoxa wmelin

amPTessA (ail. b Royer
aniculata {%res.]) Grun,
bybridactarmis Hust.
panduriform var, winor ‘:run.

soathul (ta '"“reb,

Hitrschia ¢f', communis vwar, hyalipa Luna
"itzschia proxime Yust.

Riveschin ____}ru“ulum {Futz.] Grum.

i f#schin oroasaacrintoa Hust.

Nitrschin of, serpenticula Cholnoly
Nitrschia sisma (Kutr,] 5m.

Kitrschia EIﬁma var, rigidula Grun,

Nitz=chla obtusa war. s¢alpelliformis firum,
Ritzschia longlasima (Mreb.] Ralfs.
Kie 3 hia closterium %, Sm,

Gen, Y Rp.7?

Hemiselmis virescens TNroop

Chroomonas diplococea Tutcher

Chroomonas minuta war. apyrensidosa (Mulbort)

‘hropmonas amphioxeia [Conr. £ Kufl.} flutcher

. “rypiomonas pseudobaltica Puteher




PLATE 3

Prorcceantrum minimum (Fav.) Schiller
gﬂrrl A marine buj.

ymnsdini um danicans Campbell
Gywnodinium sp.

Gymnod um roseost‘lm CRmpbell

Katodinium aa aftlcum {Massart} Fott
Oyrodinlun dominans Hulburt

Gyrodinium estumkiale Hulburt
Gyrodinlum me€om Hulburt
He

srocapsa trigquetrm [Ehr,) Stein
Peridinium asicullfeFum Lemm,
Peridinium achromaticum Lev.
Futreptia cf, lanowll Steuer
E sna aff, proxima Dangeard
ﬁg"fﬁfnnnnanaﬁmatn Stabas
Hym 3 garteras (fArasr. 4 Fag,) Braarud
Bhryscohrom: ysoohromullnm sp. 16a; haptonsma extended.
Prymnsesiun parvum Carter
Cohromonas ? minuscula Conrad
Ochromonas 7 vallaaTaoa Skula
Paviovs grrans Butcher

21. Monuchrysis lutheri firoop

22, Wephroohioris sallms Carter

23, WonaTYantus 5tiohoosocoldes Pascher ©ia,b: cast off walls.
2Lk, Wongduw aff. gutiula Fascner 24a: cast off wall., 24d-f:
s fram autumn, 24%g=-1i: from winter.
4. Gonlochloris pulehra Pascher 25h=d: cell wall surfaces.
26, Uentritractus afT, belonophorus Lemm.

27. Genua¥ speciesy

284, Pedinemonas minor Korsch.

28p, Waphroseimis gilva Parke & Rayna

29, Hateromnstiz pyriforwis (Carter} Manton

30, ruI-un :_ uriocculata Butcher

310 :"—1——?,-... Ronas alcron Tonrs & Kuff.
straseimls maculata [Xylin) Putcher

33. Chlamydomanas ap.

. Nannoohlorls atomur Putcher

35: )ooxliin PATYR Weatl & West

36, Genun? mpacies?

37. Genus? spacies?

38. Spirulina subsaisa Oersted
39, Calyvomenas owvalla Wulff
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