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During baseline studies of ichthyoplankton for environmental impact assessment in the Western
Baltic Sea, we developed a simple method for preservation of the abundant ctenophore,

Mnemiopsts leidyi, using acidic Lugol’s solution.

The ctenophore, Mnemiopsis leidyz, is a widely distributed
species in North American and FEuropean coastal
waters. The species is a significant planktonic predator
feeding on prey such as copepods, fish eggs and fish
larvae. Mnemiopsis leidyt are self-fertilizing hermaphro-
dites with each individual producing several thousand
offspring and blooms of this ctenophore occur at
regular intervals (Purcell e al, 2001). In such situations
M. leidyi may seriously influence zooplankton commu-
nities and cause long-lasting perturbations of the ecosys-
tem; the most prominent example is perhaps the recent
rapid changes that took place after its introduction into
the Black Sea causing a complete collapse of the pelagic
ecosystem and serious declines in anchovy and other
fish populations (Shiganova, 1998). Because of the high
feeding rates of the species (Purcell and Arai, 2001;
Purcell et al., 2001; Waggett and Sullivan, 2006), the
spread of M. leidyi to waters outside its historical range
is currently of great concern due to the possible impacts
on pelagic ecosystems in general and fish populations in
particular (Purcell and Arai, 2001). In 2006, M. leady
was observed in the North Sea, Kattegat and western
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parts of the Baltic Sea (Hansson, 2006; Javidpour et al.,
2006) and by 2007 it was widely distributed in inner
Danish waters and the Baltic Sea (Tendall ez al., 2007;
Kube et al., 2007).

The potential threat of this invasive ctenophore
makes close monitoring of its patterns of distribution
and abundance imperative. However, routine sampling
and monitoring of M. ladyi abundance has been
seriously hampered because no method for preservation
has been available. Biomass estimates of ctenophores
have therefore commonly been restricted to measuring
the total live volumes from plankton tows. Estimates of
density and size distribution, which are essential for cal-
culation of clearance rate and predation impact, have
required immediate and labour intensive examination
of fresh material. The commonly used fixatives, buf-
fered formaldehyde and ethanol, both cause gelatinous
plankton such as ctenophores to disintegrate making
species identification, counting and measuring practi-
cally impossible (e.g. Hosia and Bamstedt, 2007; Kube
et al, 2007). Only one study describes a method
in which the size distribution and density of preserved
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(5% formalin), and therefore deteriorated, specimens of
M. leidyr were estimated using the size of tentacle bulbs
of preserved animals (Purcell, 1988). Preservation of
larval stages of M. leidyi with 5% acid Lugol’s solution
was reported by Costello et al. (2006), but the efficiency
of this preservative was not discussed in detail.

Here we describe a simple but efficient method to pre-
serve ctenophores using acidic Lugol’s solution. Lugol’s
solution is a recommended fixative for phytoplankton,
acidic Lugol’s solution being the most gentle fixative for
delicate organisms with the exception of organisms
having calcium carbonate in their cell wall structures
(Edler, 1979). Acidic Lugol’s solution may also be used
for fixation of microzooplankton (Stoecker et al., 1994).

Adult M. ledy: for this study were collected in
Femern Belt (Western Baltic Sea) in the beginning of
December 2008, using a standard Bongo net with a
mesh size of 500 wm. Salinity was 14 psu and water
temperature was 6°C at the time of collection. Live
specimens were kept cold and aerated during transport
to the laboratory. Subsamples were collected for analysis
of the effect of different fixation methods on the average
length of the animals. The following acidic Lugol fix-
ation strengths (final concentrations) were tested: 0%
(reference), 1, 2, 5 and 10%. Acid Lugol’s solution was
made by dissolving 100 ¢ KI in 1 L of distilled water.
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Fifty grams of crystalline iodine (I) were dissolved in
100 mL glacial acetic acid, and the two solutions were
mixed (Throndsen, 1978). Precipitates were later
removed and the solution was stored in a dark bottle.
Following fixation for approximately 24 h, a number of
M. leidyt were measured to quantify shrinkage in differ-
ent concentrations of fixative. Ctenophore body length
was expressed as oral—aboral length (Sullivan and
Gifford, 2007). Reference specimens were measured
prior to fixation.

When preserved with 1% acidic Lugol’s solution, the
animals disintegrated very quickly. Shaking of the fixed
sample resulted in a “soup” of slime with no trace of
M. ledyi other than fragments like comb-plates and
parts of the digestive system. However, with increasing
strength of the acidic Lugol’s solution, preservation of
the animals was markedly improved. Thus, at a final
concentration of 2%, the animals stayed intact and were
quite stable even after preservation for 105 days. After
this time, about 80% of the specimens remained intact
and identification was possible. With further increase in
the strength of the Lugol’s solution, the individuals
became increasingly tanned, hardened and the mechan-
ical strength of the gelatinous bodies of the animals
improved (Fig. 1). At 5% solution, it was possible to
manipulate the animals with a pair of tweezers without

Fig. 1. Photographs of fixed Mnemiopsis leidyi after 24 h of fixation in petri dishes, as well as specimens manipulated with a pair of tweezers.
Upper panel, from left to right: unfixed, 1, 2, 5 and 10% acidic Lugol’s solution; a 5 by 5 mm grid is shown to indicate size of specimens.

Lower panel, from left to right: 2 and 10% acidic Lugol’s solution.
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Table I: Mean oral—aboral length (mean + SD) of Mnemiopsis leidyi afier fixation for 24 h and 105
days, respectively, in 14 psu sea water with different concentrations of acidic Lugol’s solutions

Final concentration (%)

Length after 24 h (mm)

Length after 105 days (mm)

Un-preserved sample

1
2
5
10

6+ 6 (48)

Not determined®

4.6 + 3.6 (88)
3.3+2.2(89)
2.7+ 1.5(91)

Not determined?
264+ 0.9(71)
2.0+ 0.8 (47)
1.5+ 0.6 (73)

A subsample of 100 mL was analysed at each concentration except for un-preserved animals where only a 50 mL subsample was used. Figures in

brackets indicate the number of observations.

®Length and number of animals could not be determined because animals disintegrated at this concentration.

any damage (Fig. 1). After 24 h at 10% Lugol’s solution,
the shrinkage effect was significant with preserved
animals resembling a raisin-like structure.

Size distributions of the samples fixed at strengths of
acidic Lugol’s solutions from 2 to 10% were easy to
obtain, and the number of individuals per subsample
was remarkably constant between the different sub-
samples indicating no loss of animals as a result of the
fixation during the first 24 h (Table I). After 105 days,
some specimens deteriorated, and precise measurement
of length was possible for only 53-80% of the
preserved animals. The average measured length of
M. leidyi decreased with increasing strength of the acidic
Lugol’s solution. For example, in 10% acid Lugol’s sol-
ution, individuals shrank to 45% of their original size,
indicating that a correction factor of approximately 2.2
must be used to estimate the length of live specimens
from specimens preserved in 10% solution. The degree
of shrinkage increased with time and after 105 days the
length of preserved specimens was only about half that
of specimens preserved for 24 h. This is largely consist-
ent with the results reported by Sullivan and Gifford
(2009) for larval stages of M. leidy: preserved with acidic
Lugol’s solution. We used the data shown in Table I to
generate a relationship between the fixative strength
and the conversion factor (Fig. 2). The shrinking
observed for M. leidy: is similar to shrinking rates found
for phytoplankton preserved in acidic Lugol’s solutions
(Montagnes et al., 1994; Stoecker et al., 1994).

This study and the accompanying paper by Sullivan
and Gifford (2009) demonstrate that, contrary to what
has often been stated, it indeed is possible to preserve
M. leidyi. Depending on the desired stability of preserved
specimens, there will be a trade-off between the increas-
ing stability of the fixed animals and a reduced possi-
bility of observing details in/on the animal. For
quantitative studies with ctenophore populations domi-
nated by M. leidy, strong fixation can be used routinely.
In more complex situations with mixed populations of
different species of ctenophores, the relative abundance
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Fig. 2. Linear relationships between final concentration of acidic
Lugol’s solution in 14 psu sea water and the conversion factor
necessary to estimate oral—aboral length of Mnemiopsis leidyi prior to
preservation from oral—aboral length of preserved specimens. Closed
circles are preservation for 24 h. Open circles are preservation for 105
days. Each point is the mean of at least 47 observations. See text for
further details.

of each species may be obtained from lightly preserved
(2%) and/or live samples, provided that preservation of
other ctenophore species is possible with this technique;
more research is needed to answer this question.
However, the shrinkage observed may depend on sal-
ity (Sullivan and Gifford, 2009) and probably is
species specific. More studies are needed to elucidate
these issues before specific recommendations for preser-
vation can be given. However, for most purposes, it
appears that preservation in 2% acidic Lugol’s solution
gives good results with the quality of specimens remain-
ing stable for up to 3 months (Table I; Sullivan and
Gifford, 2009). Specimens kept for 3 months could
casily be identified with morphological characters
remaining distinct. If tanning makes identification difhi-
cult, the colour can be removed by adding small
amounts of sodium thiosulphate. The amount of
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sodium thiosulphate can be varied to achieve the
desired bleaching effect.

A simple method for preservation of ctenophores, as
we describe here, has several advantages apart from
those that are obvious. For example, when performing
ichthyoplankton surveys, various medusae, including
lobate ctenophores, are often much more numerous in
the samples than fish eggs and fish larvae. If the cteno-
phores disintegrate during fixation of samples, this will
result in potential drawbacks such as failure to estimate
the predation impact that ctenophores might have on
ichthyoplankton and making it difficult to find ichthyo-
plankton in the sample. Lastly, it should be mentioned
that acidic Lugol’s solution is less harmful to humans
when compared with aldehyde-based fixatives.

ACKNOWLEDGMENTS

The authors wish to thank the two reviewers for con-
structive criticism of an earlier version of the
manuscript.

FUNDING

The present study was funded by Femern Bealt A/S.

REFERENCES

Costello, J. H., Sullivan, B. K. and Gifford, D. J. (2006) A physical -
biological interaction underlying variable phenological responses to
climate change by coastal zooplankton. J Plankton Res., 28,
1099-1105.

VOLUME 31

NUMBER 8 | PAGES 917-920 | 2009

Edler, L. (1979) Recommendations on methods to marine biological
studies in the Baltic Sea. Phytoplankton and chlorophyll. The Baltic
Marine Biologist Publ. No. 5. 38 pp.

Hansson, H. G. (2006) Ctenophores of the Baltic and adjacent Seas —
the invader Mnemiopsis is here! Aquatic Invasions, 1, 295—298.

Hosia, A. and Bamstedt, U. (2007) Seasonal changes in the gelatinous
zooplankton
Korsfjord and Fanafjord, western Norway. Mar Ecol. Prog Ser, 351,
113-127.

Javidpour, J., Sommer, U. and Shiganova, T (2006) First record of
Mnemiopsis leidyr A. Agassiz 1865 in the Baltic Sea. Aquat. Invasions,
1, 299-302.

Kube, S., Postel, L., Honnef, C. and Augustin, C. B. (2007) Mnemuopsis
leidyr in the Baltic Sea — distribution and overwintering between
autumn 2006 and spring 2007. Aquat. Invasions, 2, 137—145.

Montagnes, D. J. S., Berges, J. A., Harrison, P J. e al. (1994)
Estimating carbon, nitrogen, protein, and chlorophyll a from
volume in marine phytoplankton. Limnol. Oceanogr, 39, 1044—1060.

Purcell, J. E., Shiganova, T A., Decker, M. B. ¢t al. (2001) The cteno-
phore Mnemiopsis in native and exotic habitats: U.S. estuaries versus
the Black Sea basin. Hydwbiologia, 451, 145—176.

Shiganova, T A. (1998) Invasion of the Black Sea by the ctenophore
Mnemiopsis leidyt and recent changes in pelagic community structure.
Fish. Oceanogr., 7, 305—310.

Stoecker, D. K., Gifford, D. J. and Putt, M. (1994) Preservation of
marine planktonic ciliates: lossess and cell shrinkage during fixation.
Mar. Ecol. Prog Ser., 110, 293—299.

Sullivan, L. J. and Gifford, D. J. (2007) Growth and feeding rates of
the newly hatched ctenophore Mnemiopsis leidyi A. Agassiz
(Ctenophora, Lobata). 7. Plankton Res. 29, 949—965.

Sullivan, L. J. and Gifford, D. J. (2009) Preservation of the larval cte-
nophore  Mnemiopsis  leidyi  A. Agassiz  (Ctenophora, Lobata).
J- Plankton Res. In press.

Tendall, O. S., Jensen, K. R. and Riisgard, H. U. (2007) Invasive cte-
nophore Mnemiopsis leidyi widely distributed in Danish waters. Aquat.
Invasions, 2, 455—460.

community and hydromedusa abundances in

Throndsen, J. (1978) Preservation and storage. In: Sournia, A.(ed.),
Phytoplankion Manual. UNESCO, Paris, 69—74.

920



