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ABSTRACT

Planktonic ciliates consume small phytoplankton and can be important in the transfer of carbon
through food webs. This study examined the impact of clonal ciliate populations on short term algal
blooms. Numerical and functional responses (growth and grazing rates with varied food concentration)
were established for 5 marine planktonic ciliates and were used in a model to examine predator-prey
dynamics of ciliates and 8 um algae. The ciliates Strombidinopsis acuminatum, Strobilidium spiralis,
Strobilidium sp., Strombidium acuminatum, and Strombidium capitatum were isolated from British
Columbian waters and maintained in culture. Ciliates were fed the flagellates Isochrysis galbana,
Chroomonas salina, Rhodomonas lens, and the diatom Thalassiosira pseudonana, individually or in
combinations. Numerical responses were obtained by keeping ciliates in semi-continuous culture,
measuring growth rates and fitting them to a modified Michaelis-Menten function; this provided both
growth and mortality rates. Species specific differences existed in numerical response parameters.
Functional responses were measured by observing the uptake of fluorescently labeled C. salina or 5
um beads. This was a poor method: when measured grazing rates were compared to those predicted
by a bioenergetic formula, the measured rates either over or underestimated predicted rates by several
fold. Functional responses were determined using 1) the bioenergetic formula Ingestion =
(growth + respiration)/assimilation efficiency, and 2) volume specific respiration rates.

Ciliate functional and numerical responses from this and other studies were compared, and 3
responses were established. These were used in a model which simulated ciliate-algal population
dynamics in a non-steady state, where ciliates and copepods encountered a patch of water with a
defined initial algal concentration. The model indicated: 1) ciliates bloom over 10-20 d, when
copepods are rare (<1 L'l) and algae are initially abundant (> 103 mL'l); 2) ciliate blooms can
provide 40-50% of the carbon available to copepods, but when copepods are abundant and initial algal
levels low, ciliates are not an important carbon source; 3) under "typical" conditions (103 algae mL'l,
1 copepod L'l), ciliates are a link to copepods, but primary production is low; 4) bloom dynamics and
carbon flow through the food web are dependent on the ciliate species present. In general, ciliates may
be, under transient conditions, important as both links and sinks of carbon, but under "typical” coastal

conditions, ciliates are not important components of food webs.
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CHAPTER ONE
INTRODUCTION: OLIGOTRICH CILIATES AS FEAST AND FAMINE ORGANISMS

Blooms of planktonic ciliates are primarily the result of asexual reproduction and are
largely clonal populations. It is therefore important to understand the population dynamics of
clones, and "to follow the history of a clone accurately, it is essential to study isolated
individuals in small volumes of medium; this was Maupas' fundamental technical
achievement" (Bell 1988). The purpose of this dissertation was to investigate small scale
planktonic ciliate blooms and determine their potential impact on carbon flow in food webs, by
examining ciliates in culture.

If we know ciliate and prey biomass and growth rates and the grazing rates of the
ciliates, then we can determine the impact of ciliates on a prey population over time. Both
growth and grazing rates change with food concentration, typically as rectangular hyperbolic
functions (referred to as numerical and functional responses, respectively, see Appendix 2). I
have investigated the growth rate of ciliates under steady state conditions at a number of prey
concentrations (Chapters 3-7). These experiments provided numerical response curves which
indicated not only the growth rates of the ciliates but also the mortality rates at sub-threshold
concentrations. I also measured grazing rates at a number of prey concentrations, by
observing the uptake of fluorescently labeled beads and/or flagellates (Chapters 3-7). This
method proved unsatisfactory, as it either under or over estimated feeding rates (see Chapter
8). I therefore used the numerical response data and a bioenergetic formula to determine
functional responses (Chapter 8). However, I have presented the grazing rate data, measured
by labeled prey uptake, to indicate that this method, which is often used to estimate ciliate
grazing rates, is inaccurate. The numerical and functional responses were used to determine

the impact of ciliates on prey populations (Chapter 9).

In the last 150 years it has been established that ciliates are a dominant component of
the microzooplankton (20-200 um) and may shunt a substantial portion of energy through

planktonic food webs (Lynn and Montagnes 1991). Studies have provided information on a
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number of aspects of marine planktonic ciliate biology, for example: biomass (Lynn and
Montagnes 1991); grazing (Scott 1985, Gifford 1988); growth rate (Rassoulzadegan 1982,
Smetacek 1984, Verity 1991a); mixotrophy (Blackbourn et al. 1973, Stoecker et. al. 1988,
Putt 1990); behaviour (Buskey and Stoecker 1988, 1989, Fenchel and Jonsson 1988); nutrient
Jlux (Johannes 1965, Stout 1980, Taylor 1982, Verity 1985); distribution (Lynn and
Montagnes 1991); migration (Jonsson 1989), food for zooplankton (Jonsson and Tiselius
1990, Gifford and Dagg 1991); and taxonomy (Laval-Peuto and Brownlee 1986, Montagnes
and Lynn 1991). Many of these studies indicate that ciliates are an important component of
planktonic trophodynamics.

However, Banse (1982) suggested that, in the open ocean, on average ciliates consume
little food relative to copepods because the concentrations of suitable food particles tend to be
too low. A similar situation may also arise in coastal waters if food concentrations are low
there too. Thus, ciliates may not normally be important in the flow of carbon in some marine
food webs. Banse (1982) argued that the maximum growth and grazing rates of ciliates are so
high that, if they grew and fed at these rates, they would rapidly deplete their prey. Thus, the
potential impact of ciliates on phytoplankton would be rarely realized, and ciliate ingestion and
specific growth rates would be typically low. Under these conditions, ciliates could only reach
their potential rates when encountering a short term bloom of small algae, as long term blooms
(e.g. the spring bloom) would be exploited by mesozooplankton. During short term algal
blooms, ciliates could graze down the algae unless the ciliates are grazed down by
mesozooplankton.

Others have also indicated that planktonic ciliates act as feast and famine organisms
over a few days, as Banse suggested (Blackbourn 1974, Ibanez and Rassoulzadegan 1977,
Grice et al. 1980, Smetacek 1984, Andersen and Sorensen 1986, Fenchel 1987, Lynn and
Montagnes 1991), and that under some conditions ciliates are not an important carbon source
to upper trophic levels (Montagnes et al. 1988a). Thus, ciliates may only be important for

brief periods in some planktonic ecosystems.
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Many non-marine ciliates exhibit a feast-famine existence related to temporal and
spatial patches (Fenchel 1987). They can remain dormant in cysts (Corliss and Esser 1974), at
reduced metabolic rates (Fenchel 1987), or at very low numbers (Taylor and Shuter 1981),
during a famine. Then, at times when food is abundant, ciliates rapidly exploit the resource.
Presumably, marine planktonic ciliates also act in this fashion, as some species make cysts
(Reid and John 1978, 1983, Paranjape 1980, Reid 1987).

In the plankton, food for ciliates may become abundant in small patches, as
phytoplankton bloom in localized regions. Such phytoplankton blooms appear as rapid
increases in numbers or biomass, visible as transient peaks, and can be stimulated by a number
of factors: tidal or wind mixing events, changes in irradiance, or by allochthonous inputs from
terrestrial run off (Mackas ez al. 1985, Legendre 1990). These blooms can be meters to
kilometers in size and exist for 10-20 days, when mixing processes (e.g. wind and tides)
dissipate them (Haury er al. 1978, Mackas et al. 1985). In contrast, during large persistent
blooms of phytoplankton, mesozooplankton populations will respond. Thus, short term
phytoplankton blooms represent conditions where ciliates might bloom and where ciliates
would have a selective advantage over mesozooplankton, due to their rapid growth rates.

Unfortunately, the logistics of sampling marine systems prevent most studies from
detecting the genesis and following the development of short term blooms. Therefore, our
knowledge of such bloom-dynamics in the field is limited, and most food web analyses have
not acknowledged that short term phytoplankton blooms may be grazed down by ciliates. One
way to circumvent this problem is to use laboratory data to model blooms. This approach
provides a means to estimate the potential occurrence of such blooms. Further, if we can
establish the conditions under which blooms may occur, then we may reduce our effort
searching for them.

Lynn and Montagnes (1991) developed a simple model of the ciliate Strobilidium
spiralis grazing on small flagellates. Their study was based on functional and numerical
response data obtained from work on S. spiralis (Jonsson 1986). This model indicated that

ciliate blooms occur over <20 days and can graze down prey populations.
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My goal was to improve the data-base used to model planktonic ciliate blooms, and
then employ it to: 1) further substantiate that field observations of these ciliate blooms are due
to the rapid growth rates of ciliates and 2) show that small scale phytoplankton blooms may be
grazed down by ciliate blooms. To do this I have: 1) cultured and identified 5 different
ciliates (Chapter 2); 2) obtained functional and numerical responses from these ciliates
(Chapters 3-7); 3) compared my data to that obtained in other studies and established 3
“"typical” ciliate responses (Chapter 8); and 4) used the functional and numerical response data
to developed a simple model which illustrates that short term ciliate blooms can occur and
indicates conditions under which blooms may exist (Chapter 9). Finally, I have investigated
the dynamics of these blooms in terms of carbon flow through a phytoplankton-ciliate-copepod
food web (Chapter 9).



CHAPTER 2

THE SALIENT FEATURES OF ONE UNDESCRIBED SPECIES AND
REDESCRIPTION OF FOUR SPECIES IN THE CLASS SPIROTRICHEA
(CILIOPHORA, OLIGOTRICHIA) WITH NOTES ON THE CULTURING AND
BEHAVIOUR OF THESE SPECIES

Introduction

The "oligotrichs" have been recognized as a distinct assemblage of ciliates, beginning
with Butschli's classification scheme of the 1880's and continuing up to the present (Small and
Lynn 1985, Montagnes and Lynn 1991, Lynn and Corliss 1991, Petz and Foissner 1992).
Corliss (1979) noted in his chapter on the "often neglected oligotrichs" that the literature on
this group, excluding the monographic works on the tintinnines (e.g. Kofoid and Campbell
1939), is not very extensive. He commented that a major modern treatise is long overdue.
Recently, there have been a number of works that have begun this arduous task (Maeda and
Carey 1985, Maeda 1986, Grim 1987, Foissner er al. 1988, Lynn and Montagnes 1988, Lynn
et al. 1988, Montagnes ez al. 1988b, Krainer 1991, Montagnes and Lynn 1991, Petz and
Foissner 1992, Martin and Montagnes 1993). Still, it is typical that in routine sampling of
marine waters new ciliate species are found (e.g. Martin and Montagnes 1993). This suggests
that work on the oligotrichs is far from finished.

Most of the taxonomic work conducted on the oligotrichs has used field samples to
describe morpho-species and has assumed that variation in these samples would be sufficient to
appraise the variability within a species. Further, field based taxonomy assumes that a species
can be identified (morphologically) from a single cell. Consequently, species descriptions
from field samples may on one hand underestimate the variability of a species and on the
other, lump species together. Thus, taxonomic studies on cultured isolates will help to indicate
the variability within and between species.

In this chapter, I present the salient features of five species (my experimental

organisms) obtained from examining protargol stained, scanning electron micrographed and
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live specimens. With the salient features, I have included some remarks on the culturing and

behaviour of the ciliates.

1.0 Materials and Methods
1.1 Isolation and General Culturing

Oligotrichs have been cultured during the past 20 years (e.g. Gold 1970) and in the last
10 years explicit methods have been developed (see Gifford 1985). I have roughly followed
the procedures of these authors (see Chapters 3-7).

Strains of marine planktonic oligotrichs were collected in bottles from coastal
subsurface waters of British Columbia. Then, 5-10 mL of the sample water was placed in 20-
mL plastic culture plates (Falcon, 3046, Becton Dickinson & Co., Lincolin Park, NJ, USA).
Samples were enriched with natural seawater (Appendix 1) and the putative prey: Chroomonas
salina NEPCC 275, Isochrysis galbana NEPCC 633, Rhodomonas lens NEPCC 588, and
sometimes Thalassiosira pseudonana NEPCC 58 (species were obtained from the Northeast
Pacific Culture Collection, NEPCC, Department of Oceanography, University of British
Columbia, Vancouver, British Columbia). Ciliate and phytoplankton cultures were maintained
at 16-17°C on a 14:10 light:dark cycle at 30-70 umol photons m2 51,

Following enrichment, if ciliate numbers increased, some ciliates were removed (using
finely drawn Pasteur pipettes), transferred through 3-4 washes of sterile culture medium and
placed in medium containing defined prey species in tissue culture plates. After several
generations, the above process was repeated to ensure there were no contaminating eukaryotes
(cultures were never made bacteria free). Then, cultures were maintained by serial transfers,
either to 50 mL of medium and defined prey in 125-mL flasks or to 10 mL of medium in 20
mL tissue plates.

At a later date, after cultures had been well established, clonal cultures were made by
isolating single ciliates. The single cells were allowed to divide several times and then a

second single-cell isolation was repeated; this procedure ensured the cultures were clonal.



1.2 Fixation and Staining

For light microscopy, the ciliates were fixed in 5-10% Bouin's solution
(volume/volume) (Lee er al. 1985) and protargol silver stained (Montagnes and Lynn 1987,
1993). For scanning electron microscopy, the ciliates were fixed in 5% Bouin's or 2% acid
Lugol's iodine, subsequently dehydrated in ethanol, critical point dried in a Balzers CPD 020,
mounted on aluminum stubs, gold coated (25 nm) in a Nanotech SEMPREP 2 sputter coater,
and viewed with a Cambridge 250T SEM.

1.3 Measurements

Examination of cells followed the recommendations of Montagnes and Lynn (1991).
Longitudinally oriented, protargol stained specimens were examined. The following features
were measured: somatic length as the maximum longitudinal linear distance, excluding cilia;
somatic width as the maximum linear distance (diameter) across the cell at right angles to the
longitudinal axis; macronuclear diameter; number of polykinetids in the anterior or external
polykinetid zone; and number of polykinetids in the ventral or internal polykinetid one. All
anterior, external and internal polykinetid counts were made on polar orientated cells except
for Strombidium acuminatum strain BISCH in which polar orientation was extremely rare.
Counts of the ventral and internal polykinetids may be highly variable due to the orientation of
cells, which often obscured the smaller polykinetids in the cytostomal region. Further, the
dimensions given are based on Bouin's-fixed and protargol-stained material, which are ~0.85
of live measurements (Jerome er al. 1993). Also, fixation, by inducing some contraction in
the ciliates, may also distort the natural path of structures.

2.0 Results and Discussion

2.1 General taxonomy

The five ciliate species presented below belong to the class Spirotrichea, subclass
Oligotrichia (following Lynn and Corliss 1991), and are in the Order Oligotrichida, family
Strombidiidae and Order Choreotrichida, families Strobilidiidae and Strombidinopsidae (Small

and Lynn 1985).
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Oligotrichs are often the dominant ciliates in the marine plankton (Montagnes and Lynn
1991). This subclass is typically conical or ovoid in shape with specialized oral polykinetids
used mainly for locomotion and feeding. The somatic ciliature is specialized and may be
reduced to non-ciliated kinetids. The Oligotrichida are distinguished by the oral polykinetids
being divided into anterior polykinetid (APZ) and ventral polykinetid zones (VPZ), while the
Choreotrichida are distinguished by the oral external polykinetids (EPZ) forming a complete
circle that encloses the internal polykinetid zones (IPZ) (Fauré-Fremiet 1969, Small and Lynn
1985). Note that different diagnostic features have been used to characterize the oligotrichs
(see Petz and Foissner 1992).

I have been conservative in the identification of these strains of oligotrichs from the
eastern north Pacific, attributing to them the names of species from the north Pacific, eastern
north Atlantic and North Sea, whenever appropriate.

2.2 Description of species
2.2.1 Strobilidiid ciliates
Strobilidium spiralis (Leegaard, 1915) Lynn and Montagnes, 1988 strain IA
(Choreotrichida, Strobilidiidae)
(Figs. 2.1, 2.2)
Salient features.

Cell shape, subspherical, although flattened on one side due to the characteristic
structure of kinety 2. Cell length, 40 um (range, 33-57) and width, 45 um (38-55). External
polykinetidal zone (EPZ) composed of 38 (40-36) external polykinetids (EPk). Internal
polykinetidal zone (IPZ) composed of 13 (9-20) internal polykinetids (IPk). IPk's and EPk's
usually contiguous but those further from the cytostome may be continuous. The IPZ sit
above an acentric concavity that leads to the cytostome. Cytopharyngeal fibers present.
Paroral kinety begins parallel to the last IPk (near the cytostome) and lies internal to the
EPk's. Cilia of the paroral kinety lie on the oral surface inside the region defined by the EPK.
Five somatic kineties (K) present, whose cilia (2-3 um long) are directed to the right (when

viewed aborally). The somatic kineties are partially covered by a cytoplasmic flap. K1 is
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slightly dexterally spiralled and extends from the posterior of the cell to just below the EPZ.
K2 describes an arc that encloses a space between K1 and K2 by extending from the posterior
of the cell to a position half way along K1; at this point K2 reflects away from K1 and
produces a small (2-4 um) "crook". K3 and K4 are simple; they originate perpendicular to
and near the aboral third of K2 and extend anteriorly to just below the EPZ. K5 originates
one-third of the cell length from the aboral end and runs anteriorly, paralleling K1. One C-
shaped macronucleus, positioned anteriorly around the oral cavity and below the EPZ, has its
opening near the cytostome. Two micronuclei (not always visible) are indented into the
macronucleus 180° around from the cytostome. Cell surface often covered by 2-4 um rods
(possibly extrusomes) which stain darkly with protargol.
Time and locality of isolation

Early March, Indian Arm, British Columbia, Canada, (122°53'W, 49°21'N,) at a
depth of 2 m, temperature of 8 °C, and salinity of 16 %..
Discussion of species

Before discussing strain IA specifically, I will provide a brief definition of the genus
Strobilidium. The family Strobilidiidae sensu stricto exhibit the following characters: somatic
kineties with short cilia overlain by a cytoplasmic flap and a closed circle of external
polykinetids; the genus Strobilidium possesses these same characters (Lynn and Montagnes
1988). Following these criteria Lynn and Montagnes (1988) made Lohmanniella spiralis,
Leegaard, 1915 (a commonly referred to marine ciliate) a junior synonym for Strobilidium
spiralis. More recently, Petz and Foissner (1992) have placed a number of species of
Strobilidium in the genus Rimostrombidium Jankowski, 1978. Their arguments for doing this
however are in conflict with the criteria proposed by Lynn and Montagnes (1988) and
resurrection of the "desk genus" Rimostombidium for this group creates unnecessary
etymological confusion. I therefore have maintained the genus Strobilidium for my
identifications.

Strain IA is identical to Strobilidium spiralis (Leegaard, 1915) Lynn and Montagnes,

1988 except for two features: 1) S. spiralis has only one micronucleus indented into the
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macronucleus (180° around from the cytostome), while strain IA has two, and 2) K5 on S.
spiralis originates anteriorly, extends posteriorly, and then curves anteriorly around to describe
a partial circle; but K5 on strain IA originates one-third of the cell length from the aboral end
and runs anteriorly, paralleling K1. These two differences may denote a new species.
However, I have been conservative and considered stain IA to be Strobilidium spiralis.
Remarks on culturing and behaviour

Strain IA was grown on three flagellates in culture: Chroomonas salina, Isochrysis
galbana, and Rhodomonas lens. However, it first was grown on a mixed culture of natural
prey; ciliates isolated from these cultures had ingested 30-40 um pennate diatoms (likely
Nitzschia). Strain IA was also used to estimate the effect of Bouin's and Lugol's fixatives and
Protargol staining on cell size (see Jerome et al. 1993).

Strobilidium sp. strain JERC
(Choreotrichida, Strobilidiidae)
(Figs. 2.3, 2.4)

Salient features

Cell subspherical with flat anterior and round posterior, 14-40 um long and 15-45 um
wide. External polykinetid zone (EPZ) and internal polykinetid zone (IPZ) not completely
separate. EPZ comprised of 22-23 polykinetids of 35 um long cilia, surrounding anterior end.
Inner portion of each external polykinetid ends with 4 ciliated kinetosomes; the cilia are 3-4
pm long and directed inward. Oral cavity acentricly placed within the circle of external
polykinetids (EPK). 1-3 inner polykinetids (IPK) lie in oral cavity; 1-2 IPK are completely
separate, the others are extensions of EPK. Ten (range, 6-12) somatic kineties, equally spaced
around cell, extend from 5-10 um below oral region to near posterior pole. Each somatic
kinety composed of continuous row of cilia directed to the right when viewed from the aboral
end. A rudimentary flap covers the base of the somatic cilia. Macronucleus, typically C-
shaped but often fragmented, lies below EPZ, with arms of "C" near cytostome. Faintly

staining micronucleus positioned in a depression of macronucleus opposite the cytostome.
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Time and locality of isolation

Late April, from surface waters (top meter, temperatue of 10 °C, salinity 22 %.) at
Jericho Pier, English Bay, Vancouver, British Columbia, Canada, (123°10'W, 49°17'N).
Discussion of species

In shape, strain JERC is superficially similar to four Strobilidium species: S.
multinuclearum Lynn and Montagnes, 1988, S. sphaericum Lynn and Montagnes, 1988, S.
spiralis (Leegaard, 1915) Lynn and Montagnes, 1988, and S. undinum Martin and Montagnes,
1993. However, there are differences between strain JERC and all four of these species: 1) S.
multinuclearum has 5 somatic kineties, 18-20 EPK and 11 spherical macronuclei; 2) S.
sphaericum has no IPK, 24-30 EPK and many oral fibers that spiral into a central cytostome;
3) S. spiralis has a characteristic asymmetrical distribution of somatic kineties, 33-39 EPK and
8-20 IPK; and S. undinum has 6 somatic kineties, 21-24 EPK, and 4-6 IPK. In contrast, strain
JERC has 10 to 12 symmetrically arranged somatic kineties (although these stain poorly at
times and may appear as 6-9 asymmetrically placed kineties); 22 EPK; 1-3 IPK; one C-shaped
macronucleus and an acentric cytostome not heavily supported by fibers. Further, strain JERC
is 14-40 um long and 15-45 pm wide which is smaller than S. sphearicum (40-70 um long and
40-60 um wide) and S. spiralis (40-60 um long and 40-52 um wide) but in the same range as
S. undinum (16-29 um long and 15-23 um wide). Considering the above differences, strain
JERC likely represents a distinct and undescribed species.
Remarks on culturing and behaviour

Strain JERC was maintained in culture for 2-3 months on a mixture of Isochrysis
galbana, Chroomonas salina, and Rhodomonas lens. Observations of this species in 10 mL of
culture medium in 20 mL tissue plates indicated that the ciliates typically remained in the
water column (i.e. they were planktonic). When disturbed either by motion of the container or
when hitting a suspended particle, they very rapidly "jumped" approximately 1-3 cell lengths

and then reoriented themselves and continued swimming.
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2.2.2 Strombidiid ciliates
Strombidium capitarum (Leegaard, 1915) Montagnes et al., 1988 strain APAG
(Oligotrichida, Strombidiidae)
(Fig. 2.5)

Discussion of species

Several isolates of Strombidium capitatum have been used to redescribe this species
(Montagnes et al. 1988b); strain APAG fits the criteria for the species.
Time and locality of isolation

April, from surface waters (temperature of 8 °C, salinity of 28 %.) at Agamemnon

Channel, British Columbia, Canada, (124°5'W, 49°40'N).

Strombidium acuminatum, (Leegaard, 1915) Kahl, 1932
strain BISC
(Oligotrichida, Strombidiidae)
(Figs. 2.6, 2.7)

Salient features

Cell conical, 80-138 um long and 13-31 um wide. The posterior tapers to a fine point
that is curved in fixed material. Anterior polykinetid zone (APZ) and ventral polykinetid zone
(VPZ) not distinctly separate. The inner 2-3 polykinetids of the VPZ are continuous or
contiguous with the first 2-3 of the APZ. Anterior polykinetid zone comprised of 20 (range,
18-26) polykinetids, surrounding anterior end. Ventral polykinetid zone comprised of 7 (6-11)
polykinetids which lie in a shallow oral groove. One ciliated paroral kinety on right side of
oral groove. The girdle begins just below the oral groove, spirals dexterally (when viewed
from anterior) to dorsal surface, continues around to ventral surface where it angles
posteriorly, spirals to the dorsal surface and extends to ~10 um from posterior. The "ventral"
kinety, situated on the dorsal surface, begins 10-20 um from the posterior, runs adjacent to,
and on the right (dorsal view) of, the descending girdle for 5-10 xm and then continues to the

cell posterior. Descending portion of the girdle and ventral kinety possess 2-3 um long cilia
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spaced 2-3 um apart. One ovoid, anteriorly positioned, macronucleus, 17 (13-24) um long, 6
(4-8) um wide. Lightly staining "trichites" insert along and perpendicular to girdle and extend
internally ~10 um into cell. Dark staining (tear shaped) extrusomes lie below girdle.
Extruded, moniliform, extrusomes often intertwined with cilia extend 10-15 pm.

Time and locality of isolation

July, from Sechelt Inlet, British Columbia, Canada, 1 m depth, temperature of 20 °C,
and salinity of 20 %.. (123°45' W, 49°40'N).
Discussion of species

There are four species of Strombidium which, like strain BILSC, are elongate, conical
and ~100 um long: S. cornucopiae Wailes, 1929; S. pulchrum Leegaard, 1915; S. rhyticollare
Corliss and Snyder, 1986; and S. acuminatum Leegaard, 1915.

Strombidium cornucopiae is larger than the typical range of stain BJLSC (97-200 vs.
80-138 um) and has prominent striations which strain BJLSC lacks. Strombidium pulchrum
has a spiraling ventral kinety like strain BJLSC, but it is slightly larger (167 um long) and has
a more extensive zone of oral polykinetids than strain BILSC. Strombidium rhyticollare is
similar in size to strain BJLSC but differs from it in three ways: S. rhyticollare has 32 oral
polykinetids while strain BILSC has 27 (20+7); S. rhyticollare has a groove around its
anterior end (posterior to the oral ciliature) which strain BILSC lacks; and S. rhyticollare has a
pair of ventral kineties that run one-third the cell length (from the posterior) while the ventral
kinety and the extension of the girdle of strain BILSC run together for one- quarter or less of
the cell.

Of the above species, strain BJLSC is most similar to S. acuminatum, although S.
acuminatum is smaller (60-88 um). Leegaard (1915) illustrated three views of S. acuminatum,
two of which (her Fig. 12 a and b) are similar to strain BJLSC while the third (Fig. 12¢) is
not. Figures 12a and b (Leegaard 1915) depict a ciliate with indications of a girdle similar to
that of strain BJLSC and a similar number of oral polykinetids. Further, the nuclear shape and

position of S. acuminatum are similar to that of strain BJLSC.
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Any of the older descriptions by Wailes or Leegaard could be used to describe strain
BILSC, but the description of S. acuminatum appears most fitting. Further, Wailes (1943)
observed S. acumi