Methods
extended storage (Gifford and Caron 2000). Ciliate
abundance can be obtained by settling the fixed
samples in settling chambers and examining them
Planktonic ciliates are microplankton (20 - 200 µm in
under an inverted microscope (Hasle 1978, Gifford
size; Sieburth et al. 1978). The most common methods
& Caron 2000).
for sampling, fixing, and staining these organisms are
briefly described and/or referenced on this page. In
Two sources for settling chambers used for
the data sheets we include pictures obtained using
inverted microscopy are:
these techniques.

Overview

Inverted microscopes are commonly used to quantify
and identify ciliates and other microplankton in plankton
samples. Unfortunately, with routine preservation
methods (e.g. Lugol’s iodine), identification of ciliates
is often difficult. The specialised technique of silverstaining, with protargol, reveals diagnostic features of
ciliates and is normally used for taxonomic descriptions.
However, protargol staining is elaborate and time
consuming. Therefore, it is rarely used in routine
ecological studies (Montagnes & Lynn 1993).
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have low loss of cell numbers, but it is important to
note that this fixative shrinks cells. In the data sheets,
the average biovolume provided for taxa is based on
Lugol's fixed material. A conversion factor commonly Lugol's fixation
used for aloricate ciliates is 190 fg C µm-3, when the
cells are preserved with 2 % acid Lugol's solution (Putt
& Stoecker 1989). For other concentrations or fixatives,
this factor may need to be adjusted (Jerome et al.
1993; Stoecker et al. 1994). Additional information on
staining, fixation and carbon conversions can be
obtained from manuals for microzooplankton sampling,
fixation, and staining, listed in the references at the
end of this page (e.g. Gifford & Caron 2000).

Plankton sampling, storage, and
enumeration
Large volumes of seawater can be collected in routine,
oceanographic sampling bottles (e.g. Niskin bottles).
Immediately after sampling, subsamples of a few
millilitres to several litres can be taken and preserved
with Lugol’s iodine (see below). Sampling with bottles
minimises the loss of cells and cell disruption due to
the turbulence and pressure caused by pumps and Microplankton samples should be fixed
plankton nets (Gifford & Caron 2000).
immediately to avoid loss of cells. Samples should
also always be rapidly added to the concentrated
After Lugol’s fixed samples have been collected, they fixative, diluting them to the final concentration.
can be stored in a cool, dark place for weeks. NOTE For our samples we used a final concentration of
- there has been little evaluation of the effects of 2 to 5 % Lugol's iodine (vol:vol).
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Acid Lugol's solution (Throndsen 1978):
Dissolve 100 g KI in 1 L of distilled water. Dissolve 50
g iodine (crystalline) in 100 ml glacial acetic acid. Mix
these two solutions. Remove any precipitates. Store
in the dark.

DAPI is a fluorescent dye that binds to nuclear
DNA. The fluorochrome is excited by UV-light
and can be observed with epifluorescence
microscopy, using an inverted microscope. In
conjunction with E. Lessard (Oceanography, Univ.
Washington) we are developing a technique to
stain Lugol’s fixed plankton samples with DAPI.
This allows the nuclear shape of microplankton
to be used as a diagnostic feature in routine
plankton analysis. This method is being prepared
for publication (Strüder-Kypke et al. in prep); we
provide a preliminary protocol below.

Advantages and disadvantages of Lugol’s:
Lugol’s acts as a fixative-preservative-stain and is
better for accurately quantifying ciliates than many
aldehyde-based fixatives (Stoecker et al. 1994;
Throndsen 1978). However, Lugol’s masks chlorophyll
fluorescence, which may be needed to recognise
mixotrophic species (Gifford & Caron 2000).
Furthermore, Lugol’s will dissolve hard structures such DAPI protocol:
as coccoliths and diatom frustules and, therefore, is
not ideal for long-term storage of many plankton taxa 1. Prepare a DAPI (4',6-diamino-2-phenylindole
(Gifford & Caron 2000).
dihydrochloride) stock solution of 150 µg ml-1.
Lugol's solution is also iodine-based and is relatively
harmless compared to aldehyde-based or other more
toxic fixatives. Furthermore, iodine enhances the
sinking of cells in settling chambers. Lugol's not only
fixes cells but also stains them a dark brown colour.
This simplifies counting but obscures some of the
characteristic features of the ciliates (e.g.
macronucleus). Darkly stained specimens can be
cleared with sodium thiosulphate (see DAPI staining
below).
Lugol’s does not necessarily preserve the cell shape
and size of live specimens. Thus, comparison of live
and Lugol’s fixed material is not always possible.
However, Lugol's fixed material can be processed in
several ways: SEM (Montagnes & Taylor 1994), DAPI
(see below), protargol staining (Montagnes & Lynn
1993). Thus, Lugol’s is a relatively harmless and
versatile fixation method, which we recommend for
routine sampling of planktonic ciliates.

DAPI staining of Lugol's fixed samples

2. Dilute this stock solution with distilled water to
a DAPI working solution of 15 µg ml-1. Both the
stock and the working solution should be stored
in the dark at ~ 4 ºC.
3. Settle 2 % Lugol’s fixed material in a 10 ml
settling chamber.
4. With a pipette, add a small amount of saturated
sodium thiosulphate (150-200 µl) to the sample.
Sodium thiosulphate bleaches the sample,
reducing the darkness of the Lugol’s fixed cells
and enhancing the brightness of the fluorescence.
The quantity of sodium thiosulphate can be varied
to achieve the desired effect. NOTE - using large
amounts of sodium thiosulphate can bleach the
organisms too much; they become colourless
and difficult to find.
5. With a micropipette, add 150 µl of the DAPI
working solution to the sample (final concentration: 2.25 µg 10 ml-1). At this concentration,
DAPI should stain the nuclei. If higher concentrations are used, DAPI may stain the entire
cytoplasm.
6. Incubate the sample for 3 - 5 min in the dark.
7. The sample can be observed with epifluorescence microscopy, using an UV filter
(excitation 365 nm) The stained nucleus will
fluoresce bright blue. NOTE - Samples stained
with DAPI should be kept away from bright light,
as DAPI is light sensitive and fades quickly.
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Protargol staining of Lugol's fixed
samples

has the added benefit of providing a permanent
record.
NOTE - Lugol’s fixed samples must be postfixed
with concentrated Bouin’s (5 % final concentration)
before they can be processed (Montagnes & Lynn
1993).

SEM

Silver staining with protargol (silver-proteinate) reveals
diagnostic features of ciliates (e.g. the nuclei and
infraciliature of both the cell body and oral regions).
Through a series of steps, the silver-proteinate is
preferentially bound to these structures. Then, the
silver is "developed", much like the process of black
& white photography, and the structures are revealed.
Protargol is routinely used for taxonomic descriptions,
but can also be applied to ecological studies if a
detailed knowledge of taxa is required. For more
information about protargol staining, see Montagnes
& Lynn (1993, 1987) or the review from Foissner
(1991).

Text to follow

Two protocols are recommended for protargol staining
of Lugol's fixed samples. The first protocol, after Wilbert
(1975), involves manipulation of single cells. The cells
are stained in embryological dishes and the liquids
are removed with micropipettes. This requires some
practice but provides good stains, as it allows you to
watch the developing process. The second method is
quantitative (QPS - Quantitative Protargol Staining:
Montagnes & Lynn 1993, 1987). In this method, the
cells are concentrated on filters and embedded in
agar. All steps are then performed in small staining
jars. Using QPS, the ciliates of a subsample can be
identified to the species level and counted; thus species
abundance can be determined. Unlike Lugol’s, protargol
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