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Changesin Testate Amoebae (Protists) Communitiesin a Small Raised Bog.
A 40-year Study

Kelko KISHABA! and Edward A. D. MITCHELL®™?

University of Alaska Anchorage, Department of Biological Scien(;es Anchorage, Alaska, USA; 2Now at: Swiss Federal Research
Institute WSL, Antenne romande, and L abor atoire des Systemes Ecologiques -ECOS, Ecole Polytechnique Fédérale de L ausanne
(EPFL), Lausanne-Ecublens, Switzerland

Summary. We analyzed the testate amoebae communities from two sets of moss samples taken forty years apart (1961 and 2001) in the
same locations of a peat bog of the Swiss Jura Mountains. Peat cutting and lateral drainage of Le Cachot bog have caused a clear increase
in tree cover, especially near the edges. Changes affecting herbaceous plants, mosses, or soil organisms can be subtle, and may easily be
overlooked. We hypothesized that we woul d see changesin the dominant Sphagnum species and the structure of testate amoebae communities
living in the mosses. More specifically, we hypothesized that the frequency of bryophyte and testate amoebae species indicative for dry
conditionswould increase and that the frequency of speciesindicative for wet conditionswould decrease. The mean testate amoebae species
richness per sample decreased from 11.9 to 9.6, but the overall species richness was identical (33 species) in both years. Three species
increased significantly in mean relative abundance: Nebela tincta s. |. (+97%), Bullinularia indica (+ 810%), and Cyclopyxis eurystoma
(+ 100%; absent in 1961), while two species decreased significantly: Assulina muscorum (- 63%) and Euglypha compressa (-93%). The
testate amoebae communities clearly differed among microhabitat types (hummocks, lawns, hollows), but no overall significant changein
the community was detectable between the two sampling dates (Mantel test). These results could signify that changes at the microscopic
level had already taken place by 1961 and no further overall significant changes in micro-environmental conditions took place during the
40-year period of this study. This would agree with the faster response time usually attributed to microorganisms and would also imply
that the bushes and trees may be poor predictors of the response of microorganismsif they are themselves in a non-equilibrium stage. Other
possible causes for the lack of overall differences are discussed.

Key words: autogenic succession, drainage, long-term changes, Protozoa, Sophagnum-dominated peatland, testaceans.

INTRODUCTION

In Central Europe many peatlands have been dam-
aged or destroyed, mainly through peat extraction,
drainage for cultivating crops or for forestry. Today, in
many European countries, the conservation of the re-
maining peatlands has become apriority. Thetwo main
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des Systemes Ecol ogiques - ECOS, Ecole Polytechnique Fédéralede
Lausanne (EPFL), Case postale 96, CH-1015 Lausanne-Ecublens,
Switzerland; Fax: +4121 693 39 13 ; E-mail: edward.mitchell @epfl.ch

aims of such conservation measures are the preserve
tion of biodiversity and of the carbon pool and sequestra-
tion functions of peatlands (Grinig 1994, Raeymaekers
2000, Joosten and Clarke 2002).

An important challenge for the management of the
remaining peatlands is the effect human activities have
had and continueto have on their hydrology. The surface
of most remaining peatlandsissignificantly smaller than
itwasoriginally resultingin alowering of thewater table
starting in the periphery and extending towards the
central part of the mires (Freléchoux et al. 2000a). Such
effects are especially dramatic in the case of small
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raised bogs, which are quite common in mountainous
areas of Centra Europe. The drainage of peatlands
causes changes in the vegetation and biogeochemical
functioning. Peatlands often become overgrown with
trees (pine, spruce, or birch) and from C sinks become
C sources as decomposition rates increase. Although
peatlands in some cases are capable of recovering from
the damage, this process takes long time (Chapman et
al. 2003). In a conservation perspective, although small
wetlands can play avital rolein the persistence of local
population of wetland-associ ated organisms (Gibbs 1993),
even preserving the remaining peatlands may not suffice
to stop the loss of unique species related to the wettest
habitats because of the gradual modification of small
rai sed bogsthrough autogenic vegetation succession due
to change in the hydrology (Freléchoux et al. 2000b).
The challenge here is that such changes happen slowly
and can easily go unnoticed unless, asisrarely the case,
a good monitoring program is established. For
protistologists, a further challenge is that there is much
less available data than for other taxonomic groups,
especially plants and animals.

A number of peatlands have been studied around the
middle of the 20th century. In some cases, especially
when the author of these early studiesis still active, itis
possible to go back and collect new data to study the
changes that have taken place. Severa such studies
have recently been published, but none of them have
included microorganisms. Gunnarsson and others ob-
served changesin pH, conductivity and plant communi-
ties in two Swedish mires. The observed changes were
interpreted either as autogenic succession, or indirect
human impact through acid precipitation and increased
N availability (Gunnarsson et al. 2000, 2002). Chapman
and Rose investigated changes in the vegetation of a
peatland in the UK over a period of 28 years and found
important shifts in the vegetation that were interpreted
as being due to afforestation in the periphery of the bog
aswell as changesin the use of the bog itself (Chapman
and Rose 1991).

We analyzed the changes in the testate amoebae
communities from a small raised bog of the Swiss Jura
Mountains, Le Cachot bog, over a period of forty years,
between 1961 and 2001. Generations of scientists from
the Neuchétel region have studied the ecology, paleo-
ecology, vegetation, arthropod and protist communities
of peatlands of the Jura Mountains since the mid 19th
century (Lesquereux 1844). See Matthey and Borcard
(1996) for alist of some of these studies. One of these
scientists, Dr Willy Matthey had kept Sohagnum samples

he had collected in 1961 and was ableto lead the second
author through the mire to the same spots to sample a
second series of samplesin 2001. This made it possible
for usto assess how much testate amoebae communities
have changed in this site over a period of forty years.

Like most peatlands of the region, as a consequence
of peat cutting, the surface of Le Cachot peatland has
been strongly reduced over the years and its edges are
constituted of more or less eroded peat extraction walls.
The resulting lateral drainage causes changes in the
vegetation on the bog with a strong increase in tree
cover, especialy near the edges of the peatland. Vegeta-
tion changes however are not instantaneous and, a-
though the site has not suffered from peat extraction in
recent decades and is now protected by law, recent
comparative studies have shown asignificant increasein
tree cover and reduction of small water bodies - many
of which were the result of peat extraction activities -
over the second part of the 20th century (Matthey
1998, 2000, 2001). Changes in tree cover are relatively
easy to see and less likely to be overlooked than more
subtle changes such as those affecting herbaceous
plants, mosses, or soil organisms. Sphagnum species
haverelatively well-defined preferences along the water
table depth gradient (Vitt and Slack 1984; Rydin and
McDonald 1985; Rydin 1986, 1993; Vitt 2000). Testate
amoebae also respond well to this gradient (Tolonen
1986; Charman and Warner 1992, 1997; Tolonen et al.
1992; Warner and Chmielewski 1992; Charman 1997;
Baobrov et al. 1999; Mitchell et al. 1999; Booth 2001,
2002). Hence we hypothesized that we would see
changes in the dominant Sphagnum species and the
structure of testate amoebae communities living in the
mosses. More specifically, we hypothesized that the
frequency of bryophyte and testate amoebae species
indicativefor dry conditionswould increase and that the
frequency of speciesindicativefor wet conditionswould
decrease.

MATERIALS AND METHODS

Site description, site history, and field sampling

La Cachot bog islocated in the Jura Mountains, northwest Swit-
zerland (47.5°N, 6.4°E), at an dtitudeof 1050 ma. s.1. Theclimate of
the region is favorable for peatland development: The annual mean
precipitation is1446 mm and 36% of the precipitation falls between
June and September. The mean annual temperature is 4.7°C and
ranges between 9.7 and 13.3°C between June and September although
it may fall below 0°C at any time of theyear. Therelative humidity is



usually almost 100% in the evening so the areais often foggy in the
morning. Winter temperatures can be extremely cold during windless
nights(therecordisamost - 40°C) dueto thefrequentinversion of air
masses caused by the closed basin topography of the valley (karst
landscape).

Traditional peat harvest for heating was practiced until the end of
World War Il and caused theloss of approximately 90% of theoriginal
surface of raised bogsintheregion (Griinig 1994). Peat extraction has
now stopped and in places natural regeneration is taking place
(Matthey 1996). At present, Le Cachot bog is delimited in severa
placesby 1to 2 meter-high vertical peat wallsthat are slowly eroding.
The bog surface located near these wallsis dry because of the lateral
drainage due to the modified topography. The peat extraction process
had also created some pools, many of which are now being re-
colonized by thevegetation. Asaresult, their number and surfacearea
has been decreasing substantially (Matthey 1998, 2000, 2001).
The lateral drainage has clearly been beneficial to trees, manly pine
(Pinus rotundata) and birch (Betula pubescens), and to ericaceous
shrubs (e.g. Vaccinium uliginosum, V. myrtillus, V. vitisidaea, and
Callunawvulgaris). Thissite, like other comparableonesintheregion,
neverthel ess has a high conservation value for the many rare species
of plants and animals that still thrive on it, as well as for other
animals, not necessarily linked to peatlands, but that may benefit
from the food, water or protection it offers (Matthey and Borcard
1996).

Dr Willy Matthey collected a number of Sphagnum samplesin
1961 in different microhabitats of Le Cachot bog. A total of
23 samples were available for this study. In September 2001,
Dr Willy Matthey lead the second author to the study site to collect
Sphagnum samples from, as close as possible to the same spots
wherethe 1961 samples had been taken. Thegeneral characteristic of
the sites were recorded at the same time (Table 1). All mosses were
air-dried and preserved in envelopes until extractions could be done.
The relative proportion of different bryophytes was estimated in
each sampleto the nearest 5%. All bryophytes were identified to the
lowest taxonomic level. Taxonomy follows Tutin et al. (1964-1980)
for vascular plants, Isoviita (1967) for Sphagnum, and Smith (1980)
for other mosses.

Testate amoebae extraction and analysis

The top 3 cm of the mosses was used for testate amoebae
extraction. The mosses and about 75 ml of water were boiled for
10 min to detach the testsfrom the mosses. The sampleswerefiltered
through ateastrainer first then through a 300 pm mesh, then through
a150 pm mesh and finally over a 20 um filter. The fraction between
150 pm and 20 pum was then back sieved and preserved in 5 ml vials
with glycerol. Microscopic slides were prepared and amoebae tests
were identified and counted at 200x and 400x magnification. The
following taxonomic referenceswere used for identification (Deflandre
1929, 1936; Grospietsch 1958; Ogden and Hedley 1980; Ogden
1983; L iftenegger et al. 1988; Charman et al. 2000). For each sample
aminimum total of 150 individualswere counted. Oneor more entire
slides were counted for each sample. The rotifer Habrotrocha
angusticolliswasal so counted but treated separately in the numerical
analyses. Both living and dead amoebae are included in the counts.
Given that only the top 3 cm were counted and that Sphagnum
mosses usually grow at least 1cm ayear, we consider the countsto be
representative of the mean testate amoebae community over a3-year
period.
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Data analyses

The following grouping of species were used: (1) Nebela tincta
s. I., includes Nebela tincta, Nebela tincta var. major, N. collaris,
N. bohemica and N. parvula; (2) Centropyxisaerophilas. |. includes
Centropyxis aerophila and Centropyxis cassis; (3) Phryganella
acropodia s. |. includes P. acropodia and Pseudodifflgia gracilis;
(4) Phryganella sp. includes Phryganella paradoxa and similar taxa
such assomesmall Difflugia species. In addition, Heleopera sylvatica
was excluded from the data because it appeared that this species
might in some cases have been mistaken for other similar species
(at least in lateral view) such as some Difflugia species. For six
samples from 1961 the available material was very limited and the
total count waslessthan 100. These samplesweretherefore excluded
from both the 1961 and 2001 data sets, leaving 17 samples for each
year and 34 in total. As a consequence of this, three rare species,
Centropyxiscassisvar. spinifera, Trinema complanatum, and Difflugia
bacilliferawerelost fromthedata. Because entireslideswere counted,
in some 2001 samples the total number of individual counted was
much higher thanthetarget of 150to 200individuals. Asaresult there
wasasignificant difference between themean total count betweenthe
2001 and 1961 samples. Such a difference could cause abiasin the
data if very rare species were found in the samples with a higher
count. Asthe limited amount of material available from 1961 did not
allow us to increase the counts for these samples we randomly
reduced the count of four samples from 2001 (samples 8, 9, 14 and
23) to bring the total below 300 individuals. This was sufficient to
reduce the mean total count difference between the two sets of
samplesand makeit no longer significant.

We compared the speciesrichness, Shannon-Wiener diversity and
evenness indices between the two data sets using t-tests after check-
ing for normality of the data. The multivariate community data of
bryophytes and testate amoebae were analyzed using Mantel teststo
assess if there was a significant difference in community structure
between the 1961 and 2001 samples (Legendre and L egendre 1998).
For each of these analyses we used two similarity matrices: (1)
a species x samples matrix and (2) abinary variable represented the
two sampling dates. A Steinhaus similarity coefficient was used for
the species percentage data and a simple matching coefficient was
used for the binary variable (Legendre and Legendre 1998). The
possible influence of rare testate amoebae species on the result was
assessed by removing successively the speciesthat occurred (1) only
once (5 species), (2) onceor twice (9 species), or (3) up to threetimes
(13 species) inthe overall data set. These tests were performed using
the R package free software (Casgrain and Legendre 2004). Toillus-
trate in reduced space the structure of the multidimensional testate
amoebae data we performed a detrended correspondence analysis
(DCA) using the software CANOCO (Ter Braak 1988-1992).

RESULTS

Micro-habitat types

A brief description sampling sitesisgivenin Table 1.
Weidentified four micro-habitat types: hummocks, lawns,
hollows, and non-Sphagnum mosses (usualy growing
on very dry hummocks or in closed pine forests). At
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Table 1. Description of the 17 sampling sites from Le Cachot bog used in the study.

Site descriptions

Sample
Nr.

1961

2001

1 Small hollow
4 Hollow near a Sphagnum fuscum hummock
5 Hummock, not far from sample 4
6 Hollow Pinus rotundata forest
7 Lawn of an open Pinus rotundata forest
8 Small hollow not far from the Pinus rotundata forest edge
9 Lawn with Andromeda polifolia on the side of a hollow
10 Lawn
11 Small hollow in an open Pinus rotundata forest
12 Hummock near a Pinus rotundata tree
13 Small cushion with Polytrichum strictum
in heath vegetation
14 Hummock in Vaccinium heath a Pinus rotundata
forest, no Sphagnum
15 Lawn
17 Hummock at the edge between the pine forest and
the open Sphagnetum magellanici open bog community
21 Pinus rotundata forest
22 Pinus rotundata forest with Polytrichum strictum
23 Pinus rotundata forest

Lawn on the edge of a Pinus rotundata forest

Lawn approximately 20 m from the edge of a Pinus rotundata forest
Hummock in an open Pinus rotundata forest

Small hollow in an open

Lawn with tussocks on the edge

Lawn with low bushes on the edge of an open Pinus rotundata forest
Hollow in an open Pinus rotundata forest

Wet lawn

Low, wet hummock in a pool

Lawn in open Pinus rotundata forest

Lawn, no Sphagnum

Opening with low bushes in

Lawn in an open Pinus rotundata forest
Lawn with tussocks on the edge of an open Pinus rotundata forest

Closed Pinus rotundata forest
Closed Pinus rotundata forest
Closed Pinus rotundata forest

AT ATL 3
L F A

.i'.l|l\:|'|l'._1 ".:-_'!__:I'.I Lawen L @ Hummock

(3) -17
= Mo Sphagnum

Fig. 1. Changes in the dominant moss type and microtopography of
17 sampling sitesin Le Cachot bog between 1961 and 2001. Hollows,
lawns and hummocks all were dominated by Sphagnum mosses.

most sites the microtopography either did not change or
seemed to have evolved towards drier conditions be-
tween 1961 and 2001. As al the sites sampled in1961
were dominated by Sophagnum mosses, the total number
of possible transitions was 12. Of these 12 possible
transitions, only seven were actually observed (Fig. 1).
The microhabitat status of seven sites did not change.
Of thosethat changed, seven becamedrier (four hollows
became lawns and three hummock lost their Sphagnum
cover) while only three became wetter (one lawn be-
came a hollow and two hummocks became lawns).
However, this trend towards drying was not significant
(paired sign test, P = 0.3438).

10000
£ S
2 10.00 %0 o
m L]
o ®
o
0
o 100 a Q E.::
v o %, ©°
o a
” 0,10 o a B 45
=4 8
'\-ru [+
Z 001 & ,
i 0 104

Species overall frequency TO0*RS (%)

Fig. 2. Relationship between the frequency of testate amoebae spe-
ciesand their overall mean relative abundance.

Bryophytes

Overal our samples contained 14 species of bryo-
phytes in 1961 and 12 species in 2001. There was no
significant differencein the speciesrichnessof individual
sampl es between the two sampling periods (2.12 £ S.E.
0.30in 1961; 2.06 £ S.E. 0.23 in 2001). Three species
increased both in terms of frequency and relative abun-
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Table 2. Number of presences and average relative abundance of 14 bryophyte speciesin 17 samples from Le Cachot. Swiss JuraMountains,

in 1961 and 2001.

Number of presences

Relative abundance [%0]

1961 2001 Change 1961 2001 Change 1961-2001
n n Average SE Average SE Absolute [%]
Aulacomnium palustre 3 2 -1 09 05 06 01 -0.3 -33
Mylia anomala 1 1 0 03 03 03 01 0.0 0
Pleurozium schreberi 2 5 3 06 04 94 23 8.8 1500
Polytrichumstrictum 5 3 -2 38 26 124 30 85 223
S. angustifolium 1 5 4 41 41 229 56 188 457
S capillifoliums. |. 3 3 0 126 7.7 29 07 -9.7 =77
S contortum 2 0 -2 76 60 00 00 -7.6  -100
S. cuspidatum 2 1 -1 118 81 47 11 7.1 -60
S fallax 3 2 -1 109 7.3 9.7 24 12 -11
S. fuscum 3 3 0 109 65 135 33 26 24
S. magellanicum 5 8 3 118 6.6 176 43 5.9 50
S. quinquefarium 1 0 -1 56 56 00 00 56 -100
S. rubellum 2 1 -1 71 55 06 01 6.5 -92
S. subsecundum 3 1 -2 121 75 53 13 6.8 -56

dance between 1961 and 2001: Pleurozium schreberi,
Sphagnum angustifolium, and S. magellanicum. In
addition to these, Polytrichum strictum, and S. fuscum
increased in relative abundance but either decreased or
did not change in frequency. Seven speciesdecreased in
relative abundance between 1961 and 2001:
S capillifolium, S. cuspidatum, S fallax, S. rubellum,
S subsecundum, S. quinquefarium and S. contortum,
thelatter two being totally absent from the 2001 samples
(Table 2). There was no overall significant differencein
bryophyte community structure between the two years
as assessed by a Mantel test between asimilarity matrix
of a binary site variable and a similarity matrix of
bryophyte relative abundance (P = 0.491; 999 permuta-
tions).

Testate amoebae

A total of 6795 testate amoebae were identified and
counted in this study (3641 in 2001 and 3154 in 1961).
The mean count per sample was 200 (SE: 8.3). Overall
a total of 37 taxa were recorded. The overall mean
species richness per sample was 10.8 (SE: 0.5). The
overal mean relative abundance of testate amoebae
taxawas positively correlated with their frequency inthe
samples (Fig. 2). The four most abundant taxa Nebela
tincta s. |., Hyalosphenia papilio, Amphitrema flavum,
and Assulina muscorum together made up 64.5% of the
total count. The eight most abundant taxa accounted for
84.7%thetotal count (Table 3). Therotifer Habrotrocha
angusticollis was observed in 18 samples and its mean

relative density was 1.2 % (SE: 0.3) of the total testate
amoebae count (Table 3).

The total species richness of individua sampling
periods was identical (33 species) in 1961 and 2001,
athough four of the 37 taxa recorded were absent from
each set of samples. The mean species richness per
sample however was significantly lower in 2001 than
1961 (means and SE in 1961 and 2001 respectively
11.9+0.7and 9.6 £ 0.7, paired t-test p = 0.042, unpaired
t-test p = 0.022; Table 3). However, the diversity and
evenness indices were not significantly different be-
tween 1961 and 2001 (Table 4).

Overall the relative abundance of 21 taxa increased
between 1961 and 2001 while that of 16 taxa decreased.
However, due to the variability in the data few of
these differences were significant. Three taxa, Nebela
tincta s. |. (+ 97%), Bullinularia indica (+ 810%), and
Cyclopyxis eurystoma (+ 100%; absent in 1961) in-
creased significantly between 1961 and 2001, whiletwo
other speciessignificantly decreased: Assulinamuscorum
(- 63%) and Euglypha compressa (- 93%). Despite
these differences, neither the changes in relative abun-
dance of the species nor the change in rank of relative
abundance could be related to their known preferences
for water table depth or pH in the region (Mitchell et al.
1999) (data not shown). The rotifer Habrotrocha
angusticollis was more frequent in 2001 (n=13) than
1961 (n=5). The relative abundance (% of the tota
testate amoebae count) of this species increased signifi-
cantly from 0.43 (SE 0.20) in 1961 to 1.92 (SE 0.49) in
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gray squares.

2001 (paired t-test p = 0.013, unpaired t-test p = 0.009;
Table 3).

The position of samples in the first two axes of the
DCA reveded which samples shared similar testate
amoebae communitiesand how similar or dissimilar pairs
of samples were between 1961 and 2001 (Fig. 3). Most
samples were clustered into two major groups corre-
sponding to (1) samplestaken mostly in moist lawnsand
(2) samplestaken mostly in hummaocks, forests and non-
Sphagnum mosses. In addition some samples were
projected in between these two groups and the pair of
samples no 6, representing awet Sphagnum cuspidatum
hollow in 1961 and 2001 stood out as being a group of
their own. For each sampling sitesarrowslinking pair of
samples illustrate the changes in testate amoebae com-
munities over the 40-year period. In most casesthe 1961
and 2001 samples were quite similar but some pairs of
samples underwent important changes (e.g. samples 4,
7, 8,9, 12, and 17). Interestingly, while some of these
suggest drier conditionsin 2001 thanin 1961 (samples4,
7, and 8), others seem to have become wetter (samples
9, 12, and 17).

The position of testate amoebae in the ordination
shows which species were associated with the different
groups of samples and the known ecology of the species
in the region (Mitchell et al. 1999) can be used to
interpret the ordination space. Speciesindicativefor low
water table, such as Corythion dubium, Nebela tincta,
Nebela militaris, Trigonopyxis arcula, and Euglypha
ciliata have high scores on the first axis of the ordina-
tion. Species characteristic of bog pools such as Nebela
carinata, Nebela marginata, and Amphitrema
stenostoma have low scores on both axis 1 and 2, in
agreement with the position of samples 6 (Sphagnum
cuspidatum hollow). Other species, such as Amphitrema
flavum, Amphitrema wrightianum, and Hyalosphenia
papilio, usually found in bog hollows but also abundant
inmoist lawnshad low scoreson axis 1 but higher scores
on axis 2.

Despite the changes observed for some species
between 1961 and 2001, no overall significant difference
was found between the two data sets: The Mantel tests
did not reveal any overall significant differences
between the two data sets (999 permutations
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Fig. 4. Comparative response time of different plant strata and soil
horizons to changes in the environment. (Modified from “Le Sol
vivant”, Jean-Michel Gobat, Michel Aragno and Willy Matthey,
Presses polytechniques et universitaires romandes, copyright 2003).
By analogy, the response time of different soil organismsis expected
to increase with size.

p-vaue = 0.096). Removing rare species occurring
in a single, two or three samples did not influence
the result.

DISCUSSION

The most significant changes that can be observed
at the landscape level are the growth of trees, mainly
pines (Pinus rotundata) but also locally birch (Betula
pubescens), at the periphery of the bog and the infilling
through natural succession of many small water bodies.
Indeed, Matthey (1998, 2000, 2001) recorded adecrease
in the number of open water bodies from 43 to 24 and
areduction of the overall surface from 309 m?to 176 m?
over the same time period. With such dramatic changes
at the macroscopic level we expected to see major
changes in the bryophyte communities and also, at the
microscopic level, in the testate amoebae communities,
but only few significant changes were detected and
therefore our data provided little support to our hypoth-
€esis.

No overal significant change was found between
1961 and 2001 in the bryophyte communities despite

some changes in absolute and relative abundance of
some species. For example, the dramatic increase in
Pleurozium schreberi could be seen as a clear indica
tion that in several sampling sites conditions were drier
in 2001 than in 1961. Furthermore, species such as
Sphagnum cuspidatum and S. subsecundum, typically
associated with wet hollows were among those that
decreased most dramatically. One of the species that
decreased, S capillifolium, is usually found in dry
conditions, but this specieswasreplaced by Polytrichum
strictum, Pleurozium shreberi, or S angustifolium
three species that are often associated with equally or
moredry conditions. However, in some casesthe changes
may suggest shift to wetter conditions, for example for
sample number 22 where Polytrichum strictum disap-
peared and was replaced by S. magellanicum.

Our results show a significant reduction in testate
amoebae diversity, but no changes in the Shannon-
Wiener diversity or equitability. Although the overall
species richness was exactly the same (33 species in
both years), the mean value per sample decreased
significantly from 11.9 to 9.6. Furthermore five species
either increased or decreased significantly. However no
clear interpretation can be drawn from these effects.
For example, whileNebelatinctas. . increased Assulina
muscorum decreased, but as both species are indicators
of dry conditionsin peatland of theregion (Mitchell et al.
1999) these contradictory responses cannot be inter-
preted as an indication of changesin hydrology. A better
taxonomic resolution for the Nebela tincta s. |. species
complex might have allowed further interpretation. Fur-
thermore, despite the significant response of some of the
dominant species, the Mantel test revealed no overall
significant differencewasfound between 1961 and 2001
at the community level. Several tentative explanations
can be given for the overall low level of response of
testate amoebae.

Thefirst possible explanation related to the sampling
protocol: As the sampling sites were not permanently
marked, it may be that, for some sites at least, the 2001
sampling spot did not correspond exactly to the one of
1961. However, it must be pointed out that Dr Willy
Matthey knows the Le Cachot bog very well, having
studied it in detail continuously since the early 1960s.
Nevertheless, although for many sampling sites he was
able to point to the exact spot where the moss sample
had been taken in 1961, in afew cases he was not able
to locate the spot withinlessthan 1 m and, in these cases,
a representative sampling site for the general area was
selected. For this reason, both paired and unpaired test



Table 4. Diversity indices calculated from the testate amoebae data from Le Cachot bog.
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SampleNo Speciesrichness Shannon-Wiener diversity Shannon-Wiener equitability

1961 2001 Change 1961 2001 Change 1961 2001 Change
1 17 6 -11 0.71 0.18 -0.53 0.25 0.10 -0.15
4 14 12 -2 0.63 0.76 0.13 0.24 0.31 0.07
5 8 14 6 0.53 0.89 0.37 0.25 0.34 0.08
6 15 13 -2 0.91 0.87 -0.05 0.34 0.34 0.00
7 11 10 -1 0.56 0.48 -0.08 0.23 0.21 -0.02
8 15 12 -3 0.76 0.71 -0.04 0.28 0.29 0.01
9 12 8 -4 0.70 0.39 -0.31 0.28 0.19 -0.09
10 13 5 -8 0.69 0.37 -0.32 0.27 0.23 -0.04
11 11 13 2 0.70 0.50 -0.20 0.29 0.20 -0.10
12 9 11 2 0.48 0.61 0.13 0.22 0.25 0.04
13 10 7 -3 0.76 0.65 -0.10 0.33 0.34 0.01
14 13 7 -6 0.84 0.73 -0.11 0.33 0.38 0.05
15 13 12 -1 0.61 0.48 -0.13 0.24 0.19 -0.05
17 1 7 -4 0.79 0.58 -0.21 0.33 0.30 -0.03
21 8 8 0 0.63 0.38 -0.25 0.30 0.18 -0.12
22 8 11 3 0.48 0.78 0.30 0.23 0.33 0.10
23 15 8 -7 0.82 0.61 -0.21 0.30 0.29 -0.01
Mean 119 9.6 -2.3 0.68 0.59 -0.09 0.28 0.26 -0.02
E 0.7 0.7 0.7 0.03 0.05 0.67 0.01 0.02 0.67

t-test P-values
Paired 0.042 0.105 0.389
Unpaired 0.022 0.102 0.463

Table 5. Comparison of meteorological measurements from Neuchétel, Switzerland between a three and a five year period preceeding the

1961 and 2001 sampling of Sphagnhum mosses in Le Cachot bog, detail for the main growing period (May to September).

Five year period

Three year period

5.1957-9.1961 5.1997-9.2001  t-test 5.1959-9.1961 5.1999-9.2001 t-test

Mean SD Mean SD P-value Mean SD Mean SD P-value
Minimum temperature [°C] 11.8 21 13.0 20 0.045 11.9 21 13.1 20 0.109
Maximum temperature [°C] 215 25 22.0 25 0.487 21.8 2.6 221 24 0.719
Precipitation [mm)] 85 38 93 31 0.368 85 47 91 27 0.644
Mid-day relative humidity [%] 69.6 45 69.8 4.6 0.882 68.3 4.7 69.8 31 0.296

results are given. As testate amoebae show heteroge-
neous horizontal distribution patterns even in apparently
homogeneous surfaces in response to micro-environ-
mental gradients (Mitchell et al. 2000), and any uncer-
tainty in the location of the 1961 sampling sites can be
expected to have an important effect on the data. In this
respect this study can be viewed as a test for the limit
of using testate amoebae as biomonitors in Sphagnum
peatlands. Their micro-distribution patterns may makeit
impossible to simply return to a given sampling spot
years or decades after an initial study unless the initial

sampling sites were marked permanently. A pal eoeco-
logical approach on a series of short cores taken in
different parts of the peatland, or the same sampling
spots would eliminate this problem and also offer the
opportunity to see how testate amoebae communities
changed between 1961 and 2001. However, one chal-
lenge of this approach will be to obtain exact dates for
the different sampling levels.

The second possible explanation is that the climate
changed over the 40-year period in a way that counter-
acted the effect of drainage and vegetation succession.
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We used to nearest reliable meteorological survey st
tion, in Neuchétel (487 m as. I. - n. b. approximately
600 m lower than the studied peatland which is located
at 1050 m a.s. |.) to determineif the climate (parameters
analyzed: monthly average of minimum and maximum
temperatures, precipitation and relative humidity) had
changed between athree and a five-year period preced-
ing the two sampling periods. Three to five years
correspondsto the approximate time covered by mosses
sampled for testate amoebae. The climate record sug-
geststhat for the growing period (May through Septem-
ber) of thefive-year period preceding the 1961 sampling
the average minimum temperature was warmer than for
the same period preceding the 2001 sampling. These
observations are in agreement with the long-term cli-
matic observations for Switzerland where a clear gen-
eral warming is due mostly to an increase in minimum
(i.e. night) temperature while a dight but significant
reduction in maximum temperaturesisobserved (Rebetez
2001, Rebetez et al. 2003). However, the trend for
warmer minimum temperatureswas not significant when
only the three-year preceding the samplings were com-
pared (Table 5). By contrast no significant difference
was observed for the sametime periods for precipitation
and relative humidity (Table 5). If we accept that the
trendsin climatic datameasured at Neuchétel, at amuch
lower elevation than Le Cachot bog (487 mvs. 1050 m),
are representative for the studied site, we consider it
unlikely that changesin climate could have compensated
for the effects of drainage and vegetation changes at the
bog surface.

Thethird possible explanation isthat if indeed major
changesin micro-environmental conditionsdid occur, the
testate amoebae did not respond to them. Thiswould be
in contradiction with (&) resultsfrom multiple studieson
the ecology of testate amoebae (Tolonen 1986; Warner
1990; Charman and Warner 1992, 1997; Tolonen €t al.
1992, 1994; Warner and Chmielewski 1992; Charman
1997; Mitchell et al. 1999; Booth 2001, 2002), (b) their
fine-scale distribution patternsin rel ation to micro-topog-
raphy (Mitchell et al. 2000), and (c) the observed rapid
changesin testate amoebae communitiesduring peatland
regeneration (Buttler et al. 1996).

The fourth possible explanation, and the one we
consider most likely, is that most of the changes at the
microscopic level had aready taken place when the
1961 samples were taken and no overal significant
changes in micro-environmental conditions took place
during the 40-year period covered by this study. This

would agree with the faster response time usually attrib-
uted to microorganisms (Foissner 1987, 1999). This
would also agree with the observed differential response
times of different plant strata and soil horizons to envi-
ronmental change (Gobat et al. 2003) (Fig. 4). This
interpretation also implies that the bushes and trees are
poor predictors of the response of microorganisms if
they are themselvesin anon-equilibrium stage. A series
of short peat cores in this or comparable bogs would
probably be the best way to test this hypothesis.

Despite the lack of overall clear change between the
two sampling dates, the testate amoebae clearly differed
among the microhabitat types as attested by the position
of wet pool, lawn and hummock samples in the ordina-
tion space (Fig. 3). Furthermore, most of the sample
pairs for which marked differences between 1961 and
2001 appeared in the DCA (i.e. samples 4, 7, 8, 12, and
17) indeed corresponded to observed changes in the
microhabitat and Sphagnum species (Table 1). These
observations confirm the well-established responsive-
ness of testate amoebae to the major ecologica gradi-
ents that exist in Sphagnum-dominated peatlands.

Opportunitiesto carry out studies such asthisone are
few, owing to the small number of ecological studiesthat
were done several decades ago. An invaluable asset to
alleviate some of the uncertainties of such studieswould
beto have permanently marked sampling sites, but these
do not always exist.
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Cell Surface Glycoproteinsin Crithidia deane: | nfluence of the Endosym-
biont

Benedito Prado DIAS FILHO, Tania UEDA-NAKAMURA, Carlos Henrique LOPEZ?, Luiza Tamie
TSUNETO, Benicio Alves ABREU FILHO and Celso Vataru NAKAMURA

Laboratério de Microbiologia, Departamento de Analises Clinicas, Universidade Estadual de Maring4, Maringa, Parand, Brazil

Summary. Crithidia deanel, a protozoan of the family Trypanosomatidae harboring an endosymbiont bacterium in its cytoplasm and cured
strain (endosymbiont-free) were compared asto glycoprotein composition. Thewild strain of C. deanei showed adouble band with molecular
mass of 70/74 kDa. These bands were absent from symbiont-free cells. Indirect immunofluorescence microscopy using specific antibodies
against the 70/74 kDa glycoprotein isolated from the symbiont-containing cells reveal ed intense labeling of the cell surface in the symbiont-
harboring C. deanei. However, no such labeling was observed in symbiont-free cells. These observations suggest that the endosymbiont

influences the composition of the glycoprotein on the cell surface of C. deanei.

Key words: Crithidia deanei, endosymbiont, glycoproteins, immunofluorescence.

INTRODUCTION

The large family Trypanosomatidae includes some
species associated with human, animal, or plant dis-
eases. Most of the studies involving this family have
focused on the human-pathogenic species, and
few biochemical analyses have been attempted on
the so-called non-pathogenic trypanosomatids. Some
trypanosomatids: Crithidia deanei, C. oncopelti,
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C. desouzai, Blastocrithidia culicis, and Herpetomo-
nas roitmani harbor endosymbiotic bacteria (De Souza
and Motta 1999). The ability of high doses of antibiotics
to eliminate the endosymbiont has increased interest in
the study of endosymbiont-harboring species, because
several bacteria-protozoa interactions can be analyzed
by comparing “cured” (endosymbiont-free) and wild
strains. It isrecognized that theseintracellular symbionts
are considerably integrated into the physiology of the
host cell (McGhee and Cosgrove 1980). Furthermore,
the presence of symbionts induces several morphologi-
cal aterations in the host cells, such as the rearrange-
ment of kinetoplast DNA fibers and the disappearance
of the paraxial rod structure observed in C. deansd,
C. oncopelti, and Blastocrithidia culicis (Freymuiller
and Camargo 1981). The endosymbiont causes addi-
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tional modifications, such as. a different carbohydrate
composition of glycocalyx in C. fasciculata, a reduced
surface charge and influence on the heme-synthesis
pathway in C. deanei, the urea cycle in B. culicis, the
enzymethreonine deaminase, nutritional requirementsin
B. culicis, C. oncopelti, and C. deanei, and the secre-
tion of proteinases in C. desouzai, C. deanei, and
C. oncopelti (De Souza and Motta 1999; Esteves et
al. 1982; Oda et al. 1984; d'Avila-Levy et al. 2001,
2003). For al these reasons, endosymbiont-bearing
trypanosomatids constitute excellent models for studies
on symbiosis, which may contribute to better under-
standing of the origin of organellesin eukaryotic cells.

Carbohydrates are only a minor fraction of cell
components, but they play an important role in the
regulation of cell growth, antigenicity, and cell recogni-
tion (Nicolson 1974, 1976). Most of the carbohydrates
exposed on the cell surface are bound to proteins, and
therefore many studies have focused on membrane
glycoproteins. Previous studies have reported that
trypanosomatid protozoans do not contain cytoplasmic
storage polysaccharides, so that carbohydrates are asso-
ciated with cell membranes (De Souza 1989). In general,
C. deanei and other trypanosomatids such as species of
Trypanosoma, Leishmania, and Herpetomonas show
similar profiles of cell-surface carbohydrates (Dwyer
1977, Chiari et al. 1978, Sixel et al. 1978).

The present investigation demonstrated the influence
of the endosymbiont on the composition of the glycopro-
teins present on the cell surface of C. deanei grown in
achemically defined medium, through the use of sodium
dodecy! sulfate-polyacrylamidegel el ectrophoresis(SDS-
PAGE)/indirect immunofluorescence assays.

MATERIALS AND METHODS

Microor ganism. Cultures of symbiont-bearing Crithidia deanei
(ATCC 30255) were maintained by weekly transfers into a chemi-
cally defined medium (Mundim et al. 1974), added in 5-ml volumesto
screw-capped tubes. The symbiont-free strain of C. deanei was
mai ntai ned in the same defined medium with 0.030 g/l of nicotinamide
(Sigma Chemical Company, St. Louis, USA) (Mundim and Roitman
1977). Cellswere grown at 28°C for 48 h and stored at 4°C.

Cellscultivatedin 1.51 of defined medium (7 x 107 cellml) were
harvested at the exponential phase (48 h) by centrifugationfor 10 min
at 2,000 g at 4°C and washed 4 times with cold 0.01M phosphate-
buffered saline (PBS) pH 7.2.

Triton X-114 extraction. Symbiont-containing and symbiont-
free cells (1x10° cellgml) were solubilized in 2% Triton X-114
(Sigma) pre-condensed in Tris-saline buffer (TSB) (10 mM Tris -
Invitrogen Life Technologies, 150 mM NaCl, pH 7.4) containing

1 mM phenylmethylsulfonyl fluoride (PM SF) (Sigma) for 30-40 min
at 0-4°C. Insolublematerial wasremoved from thelysate by centrifu-
gation at 20,000 g for 30 min at 0-4°C. The hydrophobic and hydro-
philic phases were separated using a 6% (w/v) sucrose (Sigma)
cushion (1:1.5, v/v) asdescribed by Bordier (1981). Separation of the
detergent from the proteins was effected by addition of zinc chloride
(Mallinckrodt) to the samples, to obtain a fina concentration of
0.05 M. The glycoproteins were precipitated by addition of 5 vol-
umesof cold acetone (Merck). The pellet was collected by centrifuga-
tion, and the supernatant solution containing Triton X-114 was
discarded. The proteins were resuspended in water and precipitated
again with 5 volumes of cold acetone. After centrifugation, the pellet
was washed with 50% cold acetone, dried at room temperature, and
stored at -20°C until use.

SDS-PAGE electrophoresis. Samples of proteins and glycopro-
teins (hydrophobic and hydrophilic phases) precipitated with ac-
etone were solubilized in the same volume of hot sample buffer
(10 mM Tris-HCI, pH 8.0 1 mM EDTA, 1.0% SDS and
0.5% B-mercaptoethanol) and further boiled for 3 min. Sodium dodecy!
sulphatepolyacrylamidegel electrophoresis(12% SDS-PAGE - Gibco
Invitrogen Corporation, New York, USA) was run in duplicate
(Laemmli 1970). Proteins were revealed by soaking in 0.25% (w/v)
Coomassie Brilliant Blue R-250 (Sigma), in 50% (v/v) methanol and
10% (v/v) acetic acid. Destaining was achieved in the stain diluent.
Glycoproteins were detected by staining the gel by the modified
periodic acid-Schiff (PAS) method proposed by Doerner and White
(1990). Briefly, gels were fixed overnight in 7.5% (v/v) acetic acid
(Vetec) for 30 min, followed by addition of periodic acid (Sigma) for
1 h at 4°C and then incubated with Schiff’s reagent for 1 h at 4°C.
Reddish-pink bands of stained glycoprotein would then be visible.
Reduction with 2% (w/v) sodium metabisulfite (Mallinckrodt) in
7.5% (v/v) acetic acid was performed overnight and subsequently
stored in water.

Extraction and purification of 70/74 kDa glycoprotein. The
cellswere subjected to one cycle of freezing-thawing, cold water was
added, and themixturecentrifuged at 3,000 g for 30 min. Theresulting
pellet was dispersed in cold water and the suspension once more
centrifuged. The combined supernatants were heated at 100°C and
lyophilized. The pellet remaining after centrifugation was extracted
with agueous phenol at 75°C (Mendonga-Previato et al. 1983), the
aqueous layer dialyzed 3 times against 0.05 M phosphate buffer, pH
7.0, for 48 h, and applied to a Sephadex G-100 (Pharmacia Biotech)
equilibrated column and run (1 ml/min) with a 0.1 M phosphate
buffer, pH 7.0, at 4°C. The column was eluted with the same buffer at
aflow rate of 1 ml/min, and 1 ml fractions were collected. The 70/
74 kDa glycoprotein from endosymbiont-containing C. deanei was
obtained. The elution profile was calibrated with known standards
(Blue-dextran = 2,000,000 Da, Yellow-dextran = 2,000 Da, and Vita-
min B,, = 125 Da) (Amersham Biosciences).

Production and purification of antibody. Approximately
2 mg/ml of 70/74 kDaglycoprotein was mixed with an equal volume
of complete Freund’sadjuvant for thefirst injection, and with incom-
plete Freund's adjuvant for the subsequent injections. A rabbit was
immunized once aweek for six weeks, and once a month thereafter.
Pooled serafrom four different bleeds were used in the experiments
(Dias Filho et al. 1999). Purification of the crude antibody was
affected by adjusting to pH 8.0 by adding /10 volume of 1.0 M Tris
(pH 8.0), and then passing through aProtein A bed column (Amersham
Biosciences). After the bed had been washed with 10 column volumes
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Figs1A, B. Triton X-114 fractionation of endosymbiont-containing and endosymbiont-free Crithidia deanei analyzed by SDS-PAGE stained
by Coomassie brilliant blue R-250 (A) and stained by periodic acid-Schiff (PAS) (B). Lanes1, 2, 5, and 6 endosymbiont-harboring C. deanei,
Lanes 3, 4, 7, and 8 aposymbiotic strain of C. deanei, L ane P molecular mass markers, Lanes 1, 3, 5, and 7 hydrophilic phase, Lanes 2, 4,
6, and 8 hydrophobic phase, arrows major bands as described in Results. Amount of protein loaded on the gel = 30 pg in each slot.

of 100 mM Tris (pH 8.0) and 10 column volumes of 10 mM Tris
(pH 8.0), the column was eluted with 100 mM glycine (Sigma) (pH
3.0). Theeluatewascollectedin 1.5-ml conical tubescontaining 50 pl
of 1 M Tris(pH 8.0). The tubes were then mixed gently to return the
pH to neutral. Theimmunogl obulin-containing fractionswereidenti-
fied by absorbance at 280 nm (Kessler 1975).

Immunofluorescence staining. Cells were fixed for 30 min at
room temperature in a solution containing 4% freshly prepared
paraformaldehyde in PBS at pH 7.2, washed in same buffer, and
alowed to adhere for 10 min to coverslips previously coated with
0.1% poly-L-lysine. Subsequently, they wereincubated for 30 minin
the presence of 50 mM NH,Cl to block free aldehyde groups, washed
in PBS, and incubated for 60 min in the presence of the polyclonal
antibody recognizing 70/74 kDaglycoprotein (1:100dilutionin PBS)
of endosymbiont-bearing C. deanei. Afterward they were washed in
PBS-3% bovine serum albumin and incubated in the presence of
fluorescein-labeled goat anti-rabbit IgG (EY Laboratories, San Mateo,
California, USA) for 60 min (diluted 1:100 in PBS). Next, the speci-
mens were mounted with N-propyl gallate and observed in a Zeiss
microscope equipped for fluorescence. Control preparations were
incubated without the primary antibody.

Analytical methods. Protein concentration was determined by
the method of Lowry et al. (1951) using bovine serum albumin as a
standard. Neutral sugars were determined with the phenol-sulfuric
method, with glucose as a standard (Dubois et al. 1956).

RESULTS

Symbiont-containing and symbiont-free strains of
C. deanei showed very similar SDS-PAGE protein
profiles(Fig. 1A). Both strains displayed alarge number
of bandsranging from 6 to 96 kDastained with Coomassie
Blue. Most of the intensely stained bands were present
in the hydrophilic phase. A double band with molecular
mass of 40/44 kDa, one major band from 50 to 63 kDa,
and one band from 90 to 95 kDa were more evident in
endosymbiont-freecells(Fig. 1A, lane 3). Poorly stained
proteins were seen in the hydrophobic phases of sym-
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Fig. 2. Gel filtration on a2 x 120 cm column of Sephadex G-100 of
aqueousextractsof symbiont-containing Crithidia deanei. Peak | was
eluted between 17 to 23 ml at a position of molecular mass from 70-
80 kDa, and when examined by polyacrylamide gel electrophoresis
(top) showed a double band with a molecular mass of 70/74 kDa,
arrow major band as described in Results. Fraction size= 5.0 ml.

biont-containing and symbiont-freestrains(Fig. 1A, lanes
2 and 4).

A double band with molecular massof 70/74 kDawas
present in the hydrophilic and hydrophobic phases ob-
tained from symbiont-containing C. deanei (Fig. 1B,
lanes 5 and 6), but absent from symbiont-free cells
(Fig. 1B, lanes 7 and 8). Both symbiont-containing and
symbiont-free strains exhibited two distinct glycopro-
teinswith masses of approximately 97 and 20 kDain the
hydrophilic phase (Fig. 1B, lanes 5 and 7). Moreover,
both strains showed a broad and intensely stained con-
jugate (less than 20 kDa) near the bottom of the gel in
the hydrophobic phase (Fig. 1B, lanes 6 and 8).

Treatment of C. deanei with Triton X-114 non-ionic
detergent at 0°C, followed by low-speed centrifugation,
generated a detergent-insoluble pellet and a detergent-
soluble supernatant. The supernatant was further frac-
tionated by phase separation at 37°C into a detergent-
rich phase and a detergent-depleted or aqueous phase.
The results showed that al the strains of Crithidia
contained proteins with molecular masses ranging be-
tween 6 and 96 kDa. Between the hydrophilic (agqueous)
and hydrophobic (detergent-rich) phases, only quantita-
tive differences were observed.

Figs3A, B. Immunofluorescence microscopy. Crithidia deanei were
incubated first in the presence of antibodies recognizing 70/74-kDa
glycoprotein and subsequently in the presence of FITC-labeled goat
anti-rabbit 1gG and observed fluorescence microscopy; A - intense
labeling of the surface of wild strain of C. deanel (arrows); B - surface
labeling was not observed when symbiont-free cellswere used. Scale
bar 10 pm.

Marked differences in the plasma-membrane glyco-
proteins between the cured and the symbiont-containing
strains of C. deanei were observed in the present study,
mainly the presence of the double band (70/74 kDa) in
both phases obtai ned from symbiont-harboring C. deane,
versus its absence from symbiont-free cells. On the
other hand, aglycoconjugate with alow molecular mass
(< 20 kDa) was detected in the hydrophobic phases of
both symbiont-containing and symbiont-free cells, as
shown in Fig. 1B (lanes 6 and 8).

In order to confirm thisfinding, glycoconjugateswere
extracted from endosymbiont-bearing C. deanei as de-
scribed in the Material and Methods. The supernatant
was lyophilized and the residue fractionated by column



chromatography on Sephadex G-100 (Fig. 2), resulting in
the separation of two major peaks monitored for carbo-
hydrate and protein. Peak | was eluted between 17 to
23 ml at aposition of molecular massfrom 70 to 80, and
when examined by polyacrylamide-gel electrophoresis
showed a double band with a molecular mass of
70/74 kDa (Fig. 2, top).

Cell localization of 70/74 kDa glycoprotein was per-
formed by using polyclonal antibodies which were de-
tected with FITC-labeled secondary antibodies. Intense
labeling of the cell surface of endosymbiont-bearing
C. deanel was observed in previously fixed cells
(Fig. 3A). Cédll surface labeling was not observed in
symbiont-free cells (Fig. 3B). No labeling was observed
when purified glycoprotein was added to the incubation
medium, or when cells were incubated only in the
presence of FITC-labeled secondary antibodies (data
not shown).

DISCUSSION

Evauation of thetotal protein profileof trypanosometid
strainsby SDS-PAGE isnot aparticularly useful method,
because the strains showed a large number of protein
bands of different apparent molecular masses, and they
also were very similar among different strains (data not
shown). Protein extraction performed with Triton X-114
is a more efficient method to anayze proteins and
glycoconjugatesin SDS-PAGE, becauseit requiressmall
amounts of sample and provides clearer profiles, allow-
ing individualization of bands. C. deanei displayed a
large number of proteins ranging from 6 to 96 kDa.
Proteins with molecular masses of 40 kDa, 50/63 kDa,
and 90/95 kDa are more evident in endosymbiont-free
cells than in endosymbiont-containing cells. d’ Avila-
Levy et al. (2001) demonstrated the absence of the cell-
associated cysteine proteinase of 100 kDa and a two-
fold enhancement of extracellular proteinases in the
cured strain, suggesting that the prokaryote endosym-
biont induces alteration in the proteolytic profile in
C. deanei. Proteinases are enzymes that have been
implicated in a number of aspects of host-parasite
interactions, including tissue and cell invasion, parasite
differentiation, inactivation of deleterious host proteins,
and catabolism of exogenous proteins for nutrition pur-
poses (McKerrow et al. 1993, Fariae Silvaet al. 1994,
Engd et al. 1998, Sgjid and McKerrow 2002).

In order to identify and compare the major glycopro-
teins, the two phases (hydrophobic and hydrophilic)
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obtained from Triton X-114 extracts of endosymbiont-
harboring C. deanei and cured with high doses of
chloramphenicol were analyzed by SDS-PAGE after
staining with Schiff’s reagent. Only the wild strain of
C. deanei contained a glycoprotein with molecular mass
of 70/74 kDa. On the other hand, two different glycopro-
teinswith masses of approximately 97 and 20 kDa, were
shown by both symbiont-containing and symbiont-free
strains, in the hydrophilic phase. Moreover, both
strains showed a broad and intensely stained conjugate
(less than 20 kDa) near the bottom of the gel in the
hydrophobic phase. These results concord with those
of previous studies, in which, after analysis of
the glycoconjugates of trypanosomatid genera such as
Herpetomonas, Endotrypanum, Leishmania, Trypa-
nosoma (Branquinha et al. 1995), and Phytomonas
(AbreuFilho et al. 2001), glycoconjugates with mol ecu-
lar masses below 20 kDa were observed.

The immunofluorescence assay demonstrated that
the glycoproteins of 70/74 kDa, present only in the
endosymbiont-harboring C. deanei, are located in the
plasma membrane. It has been reported that there is a
difference in the composition of carbohydrates exposed
on the cell surface of endosymbiont-containing and
endosymbiont-free strains of C. deanei and Herpeto-
monas roitmani, suggesting that the presence of the
symbiont bacterium can induce aterationsin the surface
of the cells (Dwyer and Chang 1976, Esteves et al.
1982, Fariae Silvaet al. 1994). It isinteresting that these
studies suggest that endosymbiont-bearing Crithidia
species present fewer surface-exposed carbohydrates
than do other species such as C. fasciculata and
C. lucillae, which naturally lack the symbiont. Recently,
Fampa et al. (2003) showed that an endosymbiont-free
strain showed a significant decrease in the interaction
with cells and gut tissue from several insect species,
compared with the endosymbiont-harboring strain. The
reported differences in the cell-surface carbohydrates
between endosymbiont-bearing and endosymbiont-free
strains imply that these carbohydrates may be involved
in theinteraction between monoxenoustrypanosomatids
and cell lines or insect guts. It has been reported that
carbohydrates present on the cell surface of Leishma-
nia are responsible for the adhesion of the protozoan to
the midguts of sandflies (Sacks and Kamhawi 2001).
I'n addition, mouse peritoneal macrophages engulf more
endosymbiont-containing than endosymbiont-free proto-
zoans, and the presence of the endosymbiont confers
resistance to the macrophage killing mechanisms
(Rozental et al. 1987).
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The major result emerging from the present study
was the differences found in the plasma-membrane
glycoproteins between the cured and the symbiont-
containing strains of C. deanei. The presence of the
double band (70/74 kDa) in both phases obtained from
symbiont-containing C. deanei, and its absence from
symbiont-free cells, suggests that the symbiont some-
how influences the glycoconjugate composition of the
plasma membrane in these cells. Further studies using
the purified 70/74-kDa glycoprotein may clarify the
basic aspects of therole played by the glycoconjugatein
the process of the interactions of C. deanel with its
intracellular symbionts.
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Updating the Ciliate Genus Chlamydodon Ehrenberg, 1835, with
Redescriptionsof Three Species(Ciliophora: Cyrtophorida)

Jun GONG?, Weibo SONG* and Alan WARREN?

1L aboratory of Protozoology, KLM, Ocean University of China, Qingdao, P. R. China; 2Department of Zoology, Natural History
Museum, Cromwell Road, L ondon, UK

Summary. The morphology and infraciliature of three marine cyrtophorid ciliates, Chlamydodon obliquus Kahl, 1931, C. mnemosyne
Ehrenberg, 1835 and C. triquetrus (Mdiller, 1786), collected from coastal waters near Qingdao (Tsingtao), China, were investigated in vivo
and using protargol impregnation. Based on the previous and current studies, the definition for the genus Chlamydodon is updated:
chilodonellids with a cross-striated band around the periphery of the somatic field; rightmost kineties extending dorso-apically and bending
to the left, making a conspicuous suture with left kineties; one preoral and two circumoral kineties obliquely arranged; equatorial fragment
with loosely spaced kinetosomes; several to many terminal fragments. A revised diagnosis for the little known species C. obliquus is
suggested: large-sized Chlamydodon, about 120-180 x 50-120 pum in vivo, body ellipsoid to triangular in outline; cross-striated band
continuous, largest portion of which runs along cell margin, anterior region crossing onto dorsal surface; about 37 right, 4 postora and
27 left kineties; 11-14 nematodesmal rods; about 7 terminal fragmentson dorsal side; ca. 10 contractile vacuolesirregularly distributed; marine
habitat. Improved diagnoses for C. mnemosyne and C. triquetrus are also supplied. Comparisons between congeners demonstrate that
C. exocellatus Ozaki et Yagiu, 1941 and C. kasymovi Aliev, 1987 are synonyms of C. obliquus and C. triquetrus, respectively; C. pedarius
Kaneda, 1953 and C. apsheronica Aliev, 1987, should be conspecific with the type species C. mnemosyne. Based on the data of morphol ogy
and infraciliature, an updated key to 5 Chlamydodon species is supplied.

Key words: Chlamydodon, Cyrtophorida, infraciliature, key to Chlamydodon, marine ciliate, morphology.

INTRODUCTION

Species of the cyrtophorid genus Chlamydodon are
usualy large and often occur in biofilm or in the
periphyton of eutrophic biotopes (Sauerbrey 1928; Kahl
1931; Kiesselbach 1936; Borror 1963, 1972; Katter

Address for correspondence: Weibo Song, Laboratory of
Protozoology, KLM, Ocean University of China, Qingdao 266003,
P. R. China, Fax [+86]-532-2032283. E-mail: wsong@ouc.edu.cn

1970; Hartwig 1973, 1980; Jones 1974; Hartwig and
Parker 1977; Agamaliev 1978, 1983; Al-Rasheid 1996,
1997). One of the most recognizable features in this
genusisthe cross-striated band (CSB), which islocated
at the perimeter of the flattened cell and separates the
dorsal and ventral sidesof thecell. Using TEM and SEM
methods, Kurth and Bardele (2001) gave a detailed
observation of the type species Chlamydodon
mnemosyne; they examined the CSB and other or-
ganelles such as the somatic cortex and ora structure.
Morphogenetic processes in C. mnemosyne were also
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studied in detail by Fauré-Fremiet (1950) and Bardele
and Kurth (2001).

Although the ultrastructural and morphogenetic char-
acters of the genus Chlamydodon are well understood,
there are many problems of species identification and
separation inthisgenus. The confusion derived from that
species have been distinguished by some live features
(e.g. the body shape and size) and appearance of CSB,
number of nematodesmal rods, and presence of a pig-
ment spot (Kahl 1931, Ozaki and Yagiu 1941), many of
which are likely variable or inconspicuous and thus
cannot be used as diagnostic characters. Furthermore,
only half of the 16 nomina species have been studied
using silver impregnation methods (Fauré-Fremiet 1950;
Kaneda 1960a; Borror 1963, 1972; Dragesco 1963,
1965, 1966; Katter 1970; Agamaliev 1978; Dragesco
and Dragesco-Kernéis1986; Aliev 1987; Alekperov and
Asadullayeva 1997; Kurth and Bardele 2001). Several
of these remain poorly described, which renders identi-
ficationdifficult.

Three morphotypes of Chlamydodon were isolated
from coastal watersoff Qingdao. Detailed investigations
indicated that one is the species Chlamydodon obliquus
and the other two are the well-known forms,
Chlamydodon mnemosyne and C. triquetrus. Improved
descriptions of these three species are here presented
and their synonymy is discussed.

MATERIALS AND METHODS

Chlamydodon obliquus. One population was collected on 15 June
2002 fromarock pool of atideland near Qingdao (Tsingtao, 36° 08' N;
120°43' E), China, which contained large amounts of seaweed. Tem-
perature was 15°C, salinity was about 28%., pH was about 7.3.

Chlamydodon mnemosyne. Three isolations were made (10 Au-
gust 2002; 25 August 2002; 2 July 2003) from shrimp-farming ponds
and from a rock pool near Qingdao. Temperature was 17-19°C,
salinity was about 25-34%., pH was about 7.3-7.6.

Chlamydodon triquetrus. Four isolations were made (12 March
2003; 10 April 2003; 10 May 2003; 17 May 2003) from an abalone-
culture pond and from scallop-farming waters. Temperature was 13-
16°C, salinity was about 26-31%o., pH was about 7.2-7.8.

| solated specimenswere maintained in Petri disheswith seawater
(salinity ca 30%o) at 18°C. Some seaweeds and diatoms collected
from original sites were supplied asfood.

Living cellswere observed with differential interference micros-
copy. The infraciliature was revealed by the protargol impregnation
method according to Wilbert (1975). Living individuals were exam-
ined and measured at 1000x magnification; drawings of stained speci-
mens were performed at 1250x with the aid of a camera lucida.
Protargol impregnated voucher slidesof three speciesaredepositedin
the Laboratory of Protozoology, OUC, China, with the following

registration numbers: Chlamydodon obliquus, G02071501;
Chlamydodon mnemosyne, G02081001; Chlamydodon triquetrus,
G03041001. Terminology ismainly according to Corliss (1979).

RESULTS

To our knowledge, the definition of the genus
Chlamydodon has not been revised following examina-
tion using modern methods. Therefore, we provide an
improved diagnosis based on the data obtained.

Improved diagnosis for the genus Chlamydodon:
Chilodonellids with a cross-striated band around the
periphery of the somaticfield; rightmost kineties extend-
ing apical-dorsaly and bending to left, making a con-
spicuous suture with the left kineties; one preoral and
two circumoral kineties obliquely arranged; equatorial
fragment with loosely spaced kinetosomes; severa to
many terminal fragments.

Remarks: Considering the genera infraciliature,
Chlamydodon is similar to Cyrtophoron Deroux, 1974
in ciliary pattern (Deroux 1974, Aliev 1991). It differs
from the latter, however, by possessing a CSB.

The CSB is a generic feature of another cyrtophorid
taxon, Coeloperix Deroux in Gong and Song 2004, but
Chlamydodon can be separated from Coeloperix by:
(1) somatickinetiesinthreefields: right, postoral and left
(vs. in two fields, preora and postoral, in Coeloperix);
(2) presence of anterior suture formed by right and left
somatic kineties (vs. absent in Coeloperix); and (3)
during morphogenesis, the oral kineties in the opisthe
derive from postoral somatic kineties (vs. from leftmost
ones in Coeloperix) (Deroux 1976, Gong and Song
2004).

Chlamydodon obliquus Kahl, 1931 (Figs 1, 2; Tables
1, 2

Syn: Chlamydodon exocellatus Ozaki et Yagiu,
1941

Improved diagnosis. About 120-180 x 50-120 pm
in vivo, cell ellipsoid to triangular in outline; cross-
striated band (CSB) continuous, anterior portion crossing
to the dorsal surface, ~ 37 right, 4 postoral, and 27 | eft
kineties; 11-14 nematodesmal rods; ~ 7 terminal frag-
ments on dorsal side; ~5-15 irregularly distributed con-
tractile vacuol es, macronucleus ~ 20-40 um in diameter;
marine habitat.

Description of Qingdao population: Size 160 x 90
pm in vivo, as calculated from some measurements of
live specimens and values shown in Table 1, assuming a
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Figs 1A-F. Morphology andinfraciliature of Chlamydodon obliquusfromlife (A, C) and after protargol impregnation (B, D-F). A - ventral view
of atypical individual; B - ventral view showing detailed infraciliature of anterior part; C - lateral view; D - cyrtos; E, F - ventral (E) and dorsal
(F) views of infraciliature, arrow indicates the dorsal depression and double-arrowheads mark the long canal-like depression extending
anteriorly. CSB - cross-striated band; CV - contractile vacuoles;, CVP - contractile vacuole pores; LK - |eft kineties; PoK - postoral kineties;

RK - right kineties; Su - suture; TF - terminal fragments. Scale bar 50 pm.
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Figs 2A-J. Photomicrographs of Chlamydodon obliquusfromlife (A, B) and after protargol impregnation (C-J). A, B - ventral (A) and dorsal
(B) views of atypical individual; C - detailed infraciliature of oral field, arrow indicates preoral kinety and double-arrowheads indicate
circumoral kineties; D - focusing on basal body-like granules (arrowheads) and postoral kineties (arrow); E - ventral view of infraciliature,
showing the anterior suture (arrows); F - dorsal view, focusing on the part of cross-striated band (arrow) that extends onto dorsal surface;
G - macronucleus; H - aclose-up of asection of cross-striated band; | - dorsal view, showing that terminal fragments (arrows) are variablein

length; J - dorsal view of posterior portion of cell, to show the canal-like depressions. Cs - cytostome; CSB - cross-striated band;
Ma - macronucleus. Scale bars 50 pm.
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Table 1. Morphometric characteristics of Chlamydodon mnemosyne (first line), C. triquetrus (second line) and C. obliquus (third line). Data
from protargol impregnated specimens. All measurementsin um. Abbreviations: Max - maximum, Mean - arithmetic mean, Min - minimum,

n - number of individuals examined, SD - standard deviation.

Characters Min Max Mean SD n
Body length 54.0 78.0 65.4 6.7 17
69.0 96.0 84.6 85 19

120.0 164.0 139.6 15.2 11

Body width 31.0 50.0 43.1 5.6 17
26.0 45.0 36.7 3.9 19

50.0 84.0 60.2 9.6 11

Total number of somatic kineties 29.0 35.0 314 14 17
36.0 48.0 404 3.0 19

66.0 72.0 69.2 2.0 11

Number of right kineties 14.0 18.0 153 11 17
16.0 24.0 19.9 2.3 19

34.0 40.0 371 17 11

Number of left kineties 11.0 13.0 12.1 0.6 17
15.0 21.0 16.7 18 19

26.0 29.0 277 12 11

Number of postoral kineties 4.0 4.0 4.0 0.0 17
4.0 4.0 4.0 0.0 19

3.0 5.0 4.0 0.8 11

Number of terminal fragments 20 4.0 25 1.0 16
4.0 8.0 59 1.0 18

6.0 10.0 7.0 13 11

Number of nematodesmal rods 8.0 11.0 9.4 0.7 16
9.0 14.0 11.9 12 19

11.0 14.0 12.8 10 9

Macronucleus length 22.0 30.0 25.2 2.2 17
17.0 30.0 23.7 3.3 19

24.0 36.0 29.5 4.3 11

Macronucleus width 10.0 22.0 13.8 35 17
9.0 18.0 14.1 24 19

24.0 36.0 29.5 4.3 11

Number of C-shaped structures in the whole CSB 80.0 110.0 104.0 - 4
88.0 151.0 122.6 195 19

255.0 298.0 275.2 17.1 9

Contractile vacuole pores, number 4.0 12.0 10.0 - 4
3.0 15.0 7.2 35 18

6.0 15.0 12.0 - 3

shrinkage of about 12% due to the preparation proce-
dure. Ventral side flattened with a conspicuous canal-
like depression, 3-4 umin width, extending from postoral
area to subcaudal region of cell (Figs 1A, 2A); dorsal
side evenly humped, dorso-ventraly flattened, width:
thickness ratio ~ 2:1 (Fig. 1C). From ventral view, cell
outlinereniform; anterior end evenly rounded and projects
dlightly to left (Figs 1A, 2A). Right ciliary rows crossto
anterior region of dorsal surface. Cross-striated band 3-
4 umwide, continuous, with anterior portion lying across
the dorsal surface and posterior portion running along
cell margin (Figs 1A, C, F; 2B, F, I). Endoplasm with
several to many granules (2-3 um across) and 1-4 large
food vacuoles (~ 10 um in diameter); often containing

ingested particles of seaweed. Cytostome oval, incon-
spicuousin vivo, positioned half way between mid-body
and anterior end of cell. Cyrtos extends posteriorly and
rightward. 5-15 contractile vacuoles, each 2-4 pym in
diameter, irregularly distributed beneath ventral cortex
(Fig. 1A); contractile vacuole pores recognizable after
protargol impregnation (Fig. 1E). Ciliaabout 8 um long
in vivo. Movement by gliding on substratum or swim-
ming. Feeds mainly on seaweed debris and microalgae.

Somatic kineties densely arranged, ~ 66-72. When
viewed dorsoventrally, somatic kinetiesmostly confined
toregion bounded by cross-striated band. Somatickineties
are grouped: 3-5 postoral kineties (PoK) that terminate
anteriorly below cytostome; 34-40 right kineties (RK)
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Table 2. Morphometrical comparison between Chlamydodon obliquus and related species.

Character C. obliquus C. minutus C. roseus C. exocellatus*

Body length in pm 120-180 50-60 80-100 215-230

Body width in pm 50-117 - - 100-132

Number of somatic kineties (total) 66-72 30-32 54-58 -

Number of right kineties 34-40 14-15 c. 30 -

Number of postoral kineties 4 (3-5) 4 c.6 -

Number of left kineties 26-29 12-13 c.21 -

Number of nematodesmal rods 11-16 16-18 89 15-16

Pigment spot** absent present present absent

Number of contractile vacuoles 5-15 3-4 5-6 5

Data source Crigina Dragesco (1965) Dragesco (1966) Ozaki and
Yagiu (1941)

- datanot available; * misidentified; ** pigment spot: a conglomeration of tiny endoplasmic granules, usually positioned at the anterior-left

of cell.

extend anteriorly beyond the level of cytostome and
bend to left; 26-29 left kineties (LK) extend subapically
and form a hook-like suture (Su) with the right kineties
(Figs 1B, E; 2D, E; Table 1). Usually the outermost
10-18 rows of the right kineties extend onto dorsa
surface; theinnermost 2 areinterrupted by oral kineties.
~ 7 terminal fragments, each composed of 7-16 basal
bodies, arranged in arow adjacent to CBS (Figs 1F, 21);
equatorial fragment difficult to discern. CSB comprising
~ 280 C-shaped structures (Figs 1E, F; 2F arrows).
Heteromerous macronucleusroundedto oval, ~30 pmin
diameter/length after protargol, positioned in body cen-
ter. Micronucleus not detected. Some canal-like depres-
sions with one extending anteriorly always present in
dorsal side of cell after protargol impregnation (Figs 1F,
2J).

Three oral kineties typical of genus: the anterior
preoral kinety overlap thetwo circumoral kineties, which
are parallel and closely arranged; al three kineties
obliquely oriented (Figs 1B, E; 2C). Cyrtos (Cy) rela
tively short (~ 30 um in length), composed of ~ 13
nematodesmal rods; one circle of kinetosome-like dots
always observed around cyrtosin protargol impregnated
specimens (Figs 1B, D, 2D).

Remarks: Chlamydodon obliquus was originaly
described by Kahl (1931) with notes of characters
observed in vivo. Subsequently, Chatton (1936) illus-
trated the lateral aspect of this species, showing the
oblique appearance of its CBS. No redescriptions were
published until Borror (1963) described an American
population using the Chatton-Lwoff method (Figs7H, I).
Borror, however, did not report on the detailed structure
of the somatic and oral kineties, the number and positions

of the contractile vacuoles. Despite these, according to
the original and the subsequent investigations, this spe-
ciescan berecognized by the combination of thefollow-
ing characters. (1) large size (130-180 um in length);
(2) continuous CSB; (3) ~10 contractile vacuoles; and
(4) ~70 ciliary rows (Kahl 1931, Chatton 1936, Borror
1963).

Considering the size, general live appearance, number
of kineties, continuous CBS positioned obliquely relative
to the body axis when viewed from the side (Kahl 1931,
Borror 1963), the Qingdao population resembles previ-
ous descriptions reasonably well except for having fewer
nematodesmal rods (11-14 vs. 15-16) (Borror 1963). We
supposethisdifferenceisminor and hence establishment
of anew species is not justified.

About 16 nominal species have been assigned to the
genus Chlamydodon. With reference to the genera
morphology, thefeaturesof CSB, and the marine habitat,
at least two species (C. minutus Dragesco, 1965 and
C. roseus Dragesco, 1966) should be compared with
C. obliquus. C. minutus can be distinguished from
C. obliquusby itssmaller size (50-60 vs. 120-180 umin
length), fewer somatic ciliary rows (30-32 vs. 66-72),
and fewer contractile vacuoles (3-4 vs. 5-15) (Figs 7A,
B; Table2). Likewise, C. roseusdiffersfrom C. obliquus
initssmaller body size (80-100vs. 120-180 uminlength),
presence of pigment spots in the anterior-left and
posterior regions of the cell (vs. none in C. obliquus),
and in having fewer somatic kineties (54-58 vs. 66-72)
and nematodesmal rods (8-9 vs. 11-14) (Figs 7C, D;
Table 2).

Alekperov and Asadullayeva (1997) misidentified a
morphotype of Chlamydodon obliquusfrom the Caspian
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Figs 3A-D. Morphology and infraciliature of Chlamydodon mnemosyne from life (A, B) and after protargol impregnation (C, D). A - ventra
view of atypical individual, arrow indicates pigment spot located at the anterior-left of cell; B - lateral view showing the cross-striated band
(arrows) around the perimeter of cell; C, D - ventral (C) and dorsal (D) views of infraciliature. CSB - cross-striated band; EF - equatorial

fragment; FS - fine stripes; TF - terminal fragments. Scale bars 40 pm.

Sea (Russia) with only 38 somatic kineties (see Fig. 7E).
The Russia form most resembles C. rectus Ozaki et
Yagiu, 1941 in terms of numbers of kineties (ca 38 vs.
ca 30) and nematodesmal rods (19 vs. 20-22), although
it is somehow larger than the Japanese population of
C. rectus (vs. 70-84 x 42-49 um). Possibly, the Russia
form represents a large-sized population of C. rectus.

Another nominal species, Chlamydodon exocellatus
Ozaki et Yagiu, 1941, theinfraciliature of which remains
unknown, was isolated form Japanese coastal waters
(Ozaki and Yagiu 1941). Besidesthesimilaritiesin CSB,
it al'so resembles C. obliquus in body shape, absence of
pigment spots and numbers of contractile vacuoles and
nematodesmal rods (Fig. 7G; Table 2). The only differ-
enceisitslarger size (215-230 vs. 120-180 pm) which,
however, could be variable among populationsin differ-
ent food conditions. Hence, we regard C. exocellatus as
a junior synonym of C. obliquus.

Chlamydodon mnemosyne Ehrenberg, 1835 (Figs
3, 4; Tables 1, 3)

Syn: Chlamydodon pedarius Kaneda, 1953

Chlamydodon apsheronica Aliev, 1987

Based on previous and the present studies, an im-
proved diagnosis is suggested:

Improved diagnosis: Size 30-150 x 15-70 um in
vivo, body shape oval in outline; cross-striated band
continuousaround cell margin; 9-20left, 11-18right, and
3-4 postoral kineties; ~ 3 terminal fragments;, 8-15
nematodesmal rods; macronucleus about 25 x 14 umin
size; marine habitat.

Description: Size usualy 70 x 40 pm in vivo, as
calculated from some measurements of live specimens
and values shown in Table 1, assuming a shrinkage of
about 7% due to the preparation procedure. From ven-
tral view, cell oval inoutline (Figs3A; 4A, 1). Ventra side
flattened and dorsal side humped, dorsoventrally flat-
tened, width: thickness ratio ~ 2:1 (Figs 3B, 4B). Both
ends evenly rounded; left margin straight, right margin
convex. Cross-striated band 2-3 um wide, completely
encirclescell perimeter (Figs 3A, B; 4B-F); aloop of the
cross-striated band is positioned equatorialy intheearly
stageof cell division (Fig. 4K). Cytoplasm colorless, with
irregularly distributed food granules (3-4 um across) and
yellowish particles (~ 0.2 um in diameter) which are
densely located in the extreme anterior-left of cell to
form the pigment spot; note that pigment spot incon-
spicuous and easily overlooked. Cytostome oval, ven-
trally located in anterior 1/5 of cell. Nematodesmal rods
straight, each about 24 um|ong and tipped with onetooth
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Figs 4A-0. Photomicrographs of Chlamydodon mnemosyne from life (A-F, H, I, K) and after protargol impregnation (G, J, L-O). A - ventra
view of atypical individual; B - lateral view, arrow indicates cross-striated band; C - part of cross-striated band at magnification; D, E - ventral
views, focusing on sections of cross-striated band (arrows) in posterior (D) and anterior-left (E) portions of cell; F - dorsal view, arrow marks
pigment spot; G - ventral view of infraciliature; arrowheads indicate the equatorial fragment; H - deformed cyrtosin a squeezed individua,
showing thetooth (arrowhead) and rod (arrow); | - ventral view of aindividual containing many food vacuoles; J - to notetheterminal fragments
(arrowheads) positioned at the anterior-left margin of dorsal surface; K - dorsal view of aindividual inbinary fission; L - to notethemultiplying
of basal bodies; M - anterior portion of infraciliature on ventral side, showing that the innermost right kinety (arrow) is interrupted by oral
kineties; N - to show cross-striated band (arrows) encircling ciliated ventral surface; O - dorsal side showing fine stripes. Scale bars 40 um.

(Fig. 2H). ~5-12 contractilevacuoles, irregul arly distrib- InfraciliatureasshowninFigs3C, D, 4G, L-O. A total
uted underneath ventral cortex (Fig. 3A). Cilia about of 29-35 somatic kineties, 14-18 rows on right, 11-13
8 um long in vivo. Feed on cyanobacteria and particles  rows on left, and 4 postoral rows. In common with its
of seaweed. congeners, three postoral kineties are involved in oral
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Figs 5A-H. Morphology and infraciliature of Chlamydodon triquetrus from life (A, D-F) and after protargol impregnation (B, C, G, H).
A - ventral view of atypical individual; B, C, H - ventral (B, H) and dorsal (C) views of infraciliature, note that the cross-striated band is
posteriorly discontinued (arrows); D - dorsal view showing pigment spot (arrow); E - lateral view; F - to show body shapes of different
specimens; G - showing the multiplying of basal bodies (arrow) in the mid-body field of an individual at an early stage of morphogenesis.
CSB - cross-striated band; CVP - contractile vacuole pores, EF - equatorial fragment; Ma - macronucleus; TF - terminal fragments.

Scalebars40 pm.

formation during morphogenesis (Fig. 4L). Anterior
portion of theinnermost row of right kinetiesinterrupted
by oral kineties (Fig. 4M). Equatorial fragment (EF,
Fig. 3C; arrowheads in Fig. 4G) composed of about
25 loosely spaced basal bodies. Usualy 3 terminal
fragments (TF, Figs 3D, 4J), each comprising ~ 3

densely spaced basal bodies. Macronucleus €ellipsoidal,
heteromerous, ~ 25 x 14 um after protargol impregna-
tion. Micronucleus not detected.

Three oral kineties almost equal in length: two circu-
moral kineties (outer and inner) anterior of cytostome
and one preora kinety left of these. Cyrtos obliquely



On three marine Chlamydodon ciliates 29

Figs6A-N. Photomicrographsof Chlamydodontriquetrusfromlife (A-F) and after protargol impregnation (G-N). A - ventral view of aslender
specimens, arrowsindicate pigment spot; B - dorsal view of awell-fed individual, arrow indicates pigment spot; C - anterior portion of ventral
surface; D - focusing on anterior portion of dorsal surface; E - pigment spot at high magnification; F - showing numerousyellowish granulesin
endoplasm (arrowheads); G - ventral view of infraciliature; arrow indicates the anterior suture; H, | - dorsal view, arrows marks two ends of
interrupted cross-striated band; J - oral field, arrowsindicate postoral kineties; K - ventral view of aindividual in morphogenesis, arrow marks
the area where basal bodies of three kineties multiply; L - posterior portion of cell, arrowheads indicate sparsely-spaced basal bodies in
equatorial fragment; M, N - dorsal view of anterior portions, arrowheads marks terminal fragments positioned near the margin of the ciliated
field. Co- circumoral kineties; Cs- cytostome; CSB - cross-striated band; CV - contractilevacuole; Cy - cyrtos; Ma- macronucleus; Pr - preoral
kinety. Scale bars 40 pm.
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Figs7A-L. Ventral (A, C,E, G, H, JL ), dorsal (B, D, I) and side (F) views of Chlamydodon species. A, B - C. minutus (from Dragesco 1965);
C, D - C. roseus (from Dragesco 1966); E - C. obliquus sensu Alekperov and Asadullayeva, 1997; F, L - C. pedarius sensu Kaneda, 1953;
G - C. exocellatus sensu Ozaki and Yagiu, 1941; H, | - C. obliquus (from Borror 1963); J - C. apsheronica sensu Aliev, 1987; K - C. kasymovi

(from Aliev 1987). Scale bars 20 pm.

oriented, composed of 8-11 nematodesma rods and
associated fibrous membranes, extends posteriorly to
about 40% of cell length (Fig. 3C).

Remarks: The type species Chlamydodon mnemo-
synewasoriginally described by Ehrenberg (1835) from
the German Baltic Sea. Thefirst description of itsinfra-
ciliature was by Fauré-Fremiet (1950). Subsequent re-
descriptions based on live and silver impregnated cells
indicate different populations possess overlapped/vari-
able characters: cell size, numbers of somatic kineties,
contractile vacuoles, and nematodesmal rods (Table 3,
Dragesco 1960, Dragesco and Dragesco-Kernéis 1986,
Alekperov and Asadullayeva 1997, Kurth and Bardele
2001). The Qingdao populationsis most similar to those
described by Fauré-Fremiet (1950) and Kurthand Bardele
(2001) in terms of morphology and ciliature patterns
(Table 3).

Chlamydodon pedarius Kaneda, 1953 isolated
from Japanese coastal waters was later redescribed
using living observations and silver impregnation
(Kaneda 1953, 1960a, b). However, C. pedarius does
not differ from C. mnemosyne in any of the main
diagnostic features. cell size, configuration of CSB,

numbers of somatic kineties, nematodesmal rods, and
contractile vacuoles (Figs 7F, L; Table 3). Therefore,
C. pedarius we regarded it as a junior synonym of
C. mnemosyne.

Another nominal species Chlamydodon apsheronica
Aliev, 1987, isolated from hypersaline water reservairs,
Russia (Aliev 1987), is similar to C. mnemosynein cell
size, configuration of the CSB, numbers of somatic
kineties, and nematodesmal rods (Fig. 7J; Table 3).
Considering that someciliatesmay exhibit variableliving
features in waters with different salinities (Esteban and
Finlay 2003), we suppose that the only difference of the
number of contractile vacuoles (20-26 vs. 5-15) is not
sufficient to circumscribe a new species, but rather
represents a population variation. Chlamydodon
apsheronica is therefore conspecific with, and a junior
synonym of, C. mnemosyne.

Chlamydodon triquetrus (Mller, 1786) (Figs 5, 6;
Tables 1, 4)

Syn: Chlamydodon kasymovi Aliev, 1987
Since there is no definition following examination
using modern methods for Chlamydodon triquetrus,



we provide an improved diagnosis based on the data
obtained.

Improved diagnosis: Yellowish Chlamydodon, size
50-140 x 25-60 um in vivo, body elongate ellipsoid to
triangle in outline; CSB posteriorly interrupted; one
yellow pigment spot in anterior-left of cell; 14-21 |eft, 16-
28 right, and 4-5 postoral kineties, ~ 6 terminal frag-
ments; 9-16 nematodesmal rods; with 5-12 contractile
vacuoles; macronucleus ~ 24 x 14 um; marine habitat.

Description: Size 100 x 50 um in vivo, as calcul ated
from some measurements of live specimens and values
shown in Table 1, assuming a shrinkage of about 15%
due to the preparation procedure. Cell shape variable,
usually ellipsoid to triangular in outline, with anterior
protrusion to left. Anterior end evenly rounded, posteri-
orly tapering; left margin somewhat sigmoid, right mar-
gin convex (Figs 5A, D, F; 6A). Ventral side flattened,
dorsal side humped, dorso-ventrally flattened, width:
thickness ratio ~ 2:1 (Fig. 5E). Cross-striated band
(3 um wide) generally inverted U-shaped, i.e. encircles
the cell perimeter but with a conspicuous gap in the
subcaudal region (Figs 5A-D, H; 6A, B, D, F, H, I).
Endoplasm colourless, with tiny yellow granules (0.2-
0.3 um across) that renders cell yellowish at lower
magnifications (40x); granulesirregularly distributed in
most parts of the cell (Fig. 6F) except in anterior left
region wherethey arerelatively densely spaced forming
an amorphous*“ pigment spot” (area~ 14 x 7 um; n = 30;
Figs5A, D, 6E); food vacuoles 4-10 um across, usually
filled with ingested diatoms. Cytostome oval, located at
anterior 1/3 of ventral surface. Cyrtos composed of 9-14
nematodesmal rods. ~ 5-12 contractile vacuoles (CV),
irregularly distributed underneath ventral cortex (Figs
5A, D; 6B); 3-15 contractile vacuole pores (CVP)
recognizable after protargol impregnation (Figs 5B, H).
Macronucleus oval, positioned dlightly right of body
centre. Ciliaabout 5 umlong invivo. Gliding on substra-
tum or swimming; when swimming, rotates around body
axis. Feeds on seaweed debris and diatoms.

Infraciliature as shown in Figs 5B, C, 6J-N. In total
30-50 somatic kineties with 16-28, 14-21 and 4 rowsin
right, left and postoral fields, respectively (Table 1).
Right kinety not interrupted by oral kineties. Threeof the
postoral kinetiesareinvolvedintheformation of theora
structure during morphogenesis (Figs 5G, 6K). Left
kineties progressively reduced at posterior ends. Equa-
torial fragment long (EF in Fig. 5B; arrowheads in
Fig. 6L) composed of about 40 loosely spaced basal
bodies. Usually 6 terminal fragments (TF) almost equal
in length, each comprising ~ 5 basal bodies (Figs 5C;
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6M, N). Macronucleus €lipsoidal, heteromerous, size
~24 x 14 um after protargol impregnation. Micronucleus
not detected.

Ora structure typical of genus: circumoral kineties
(Co) amost equal inlength, preoral kinety (Pr) relatively
longer, extending leftwards to about mid-point of suture
line. A circle of non-ciliated kinetosome always present
with nematodesmal rods (Fig. 6J).

Remarks. The Qingdao population correspondswell
with previous descriptions of Chlamydodon triquetrus
in terms of living morphology (body size and shape,
presence of yellowish pigment spot, posterior interrup-
tion in cross-striated band, number of contractile vacu-
oles, etc.) and features revealed by silver impregnation
(number and pattern of somatic kineties, number of
nematodesmal rods, etc.), thus the identification is un-
doubted (Dragesco 1963, Katter 1970, Hartwig 1973,
Agamaliev 1978, Dragesco and Dragesco-K erneis 1986;
Table 4).

Chlamydodon kasymovi Aliev, 1987 is similar to
C. triquetrus in every respect except it has a larger
body size (220-260 vs. 50-140 um; Aliev 1987) (Fig. 7K;
Table 4). Considering that cell size may considerably
vary between populations of Chlamydodon (e.g.
C. mnemosyne and C. obliquus, this paper), we provi-
sionaly regard C. kasymovi as an extreme form of
C. triquetrus.

Based on both morphology and infraciliature, akey to
the species that have been defined by silver impregna-
tionissupplied:

Key to Chlamydodon species whose infraciliature is
known

1 CSB without iNterruption...........cceeeeerenereeiesienieneenes 2
1’ CSB posteriorly interrupted............c....... C.triquetrus
2 Sixteen to 18 nematodesmal rods............. C. minutus
2" Lessthan 16 nematodesmal rods...........ccceeeeereenrennes 3
3 More than 50 somatic Kineties...........cccccervenerennennes 4
3’ Lessthan 50 somatickineties................ C. mnemosyne
4 More than 60 somatic kineties............... C. obliquus
4’ Lessthan 60 somatic kineties...................... C. roseus
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The Ultrastructural Study of Nosema artemiae (Codreanu, 1957) (Micro-
gporidia: Nosematidae)

Mykola OVCHARENKO?'? and Irena WITA!?

Witold Stefanski Institute of Parasitology, Polish Academy of Sciences, Warsaw, Poland; 2Schmalhausen Institute of Zoology
NAS of Ukraine, Kyiv, Ukraine

Summary. Ultrastructure of microsporidium Nosema artemiae from the solar saltern located on the Southern Ukraine was studied. The
parasite infects the musculature of brine shrimp Artemia salina (L.). All developmental stages of the parasite are diplokaryotic. Merogony
occurs through binary division of the tetranucleate merogonial plasmodium. Sporogony is disporoblastic. Unfixed spores are broadly oval
measuring 3.0 £ 0.2 (2.7-3.5) x 4.9 + 0.3 (4.5-5.4) um. The layered exospore includes a coarse-grained basal layer, and an external coat
resembling a double membrane. The polar filament is slightly anisofilar, making 13-16 coils (9-12 + 4). The polaroplast is composed of
narrow anterior lamellae and posterior wide lamellae, tapered at the peripheral area. The obtained new data permits the elucidate of features

which were incompletely characterized in the previous reports.

Key words: Artemia salina, Crustacea, Microsporidia, Nosema artemiae, ultrastructure.

INTRODUCTION

Six species of Microsporidiainfecting Artemia spp.
were recorded (Table 1). The descriptions were based
on material collected in Romania (Codreanu 1957;
Codreanu-Balcescu and Codreanu 1978, 1980), Spain
(Martinez et al.1989, 1993, 1994) and Brazil (Martinez
et al. 1992). The ultrastructural data of five of them
were obtained, but detailed morphological descriptions
were not given. Two species: Vavraia anostraca

Address for correspondence: Mykola Ovcharenko,
Witold Stefanski Institute of Parasitology, Polish Academy of
Sciences, Twarda 51/55, 00-818 Warszawa, Poland; E-mail:
mykola@twarda.pan.pl

Martinez et al., 1992 and Endoreticulatus durforti
Martinez, Vivares et Bouix, 1993 were completely stud-
ied. The ultrastructural data of Pleistophora myotropha
Codreanu, 1957 include some information concerning
exospore construction and the merogony of the parasite.
The ultrastructure of Gurleya dispersa Codreanu, 1957
isunknown. Three specieswith binary divided merogonial
stages were noticed in A. salina. They are: Unikaryon
exiguum (Codreanu, 1957), E. durforti and Nosema
artemiae (Codreanu, 1957). The ultrastructure of
U. exiguum was briefly observed, and only few data
relating to sporogony and numbersof polar filament coils
were presented (Codreanu-Balcescu and Codreanu
1978). E. durforti was completely studied by Martinez
et al. (1993). N. artemiae was moderately studied by
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Codreanu-Balcescu and Codreanu (1978) in Romania,
and more completely described by Martinez et al. (1994)
in Spain, but the descriptions of the earliest stages of
merogony were not presented.

The microsporidium identified as N. artemiae was
newly found in South Ukraine. The peculiarities of the
ultrastructure of the parasite are completely described,
and the new data relating to early merogony and the
spore construction are obtained. The sy