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Abstract

The exoskeleton of gastropods provides a convenient surface for carrying marks, and in the interest of improving future marking methods our
laboratory assessed the performance of an enamel paint. The endurance of the paint was also compared to other marking methods assessed in
the past. We marked the shells of 30 adult Chinese mystery snails Bellamya chinensis and held them in an aquarium for 181 days. We
observed no complete degradation of any enamel-paint mark during the 181 days. The enamel-paint mark was superior to a nail-polish mark,
which lasted a median of 100 days. Enamel-paint marks also have a lower rate of loss (0.00 month™ 181 days) than plastic bee tags (0.01
month™, 57 days), gouache paint (0.07 month™', 18.5 days), or car body paint from studies found in scientific literature. Legibility of enamel-
paint marks had a median lifetime of 102 days. The use of enamel paint on the shells of gastropods is a viable option for studies lasting up to
6 months. Furthermore, visits to a capture-mark-recapture site 1 year after application of enamel-paint marks on B. chinensis shells produced
several individuals on which the enamel paint was still visible, although further testing is required to clarify durability over longer periods.
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Introduction

Marking individuals for future recognition is
essential for assessing somatic growth (Shigamiya
and Kato 2001), movement (Kareiva 1983), morta-
lity (Buckland 1982), and other time-dependent life-
history characteristics of organisms in the field.
Recapture of marked individuals can also be used to
estimate population densities (Boulanger et al. 2004)
and growth rates (Pradel 1996). Although commonly
used for many taxa, the application of this
practice is variable. For example, capture-mark-
recapture techniques are used 10 times more
frequently for terrestrial vertebrates than for
aquatic gastropods (Henry and Jarne 2007), despite
the hard exoskeleton of many gastropods that
provides a surface for carrying marks with few
adverse effects on life-history (Gosselin 1993).
Adequate marking requires minimal disturbance
of the animal, persistence against natural

weathering, and minimal effect on the animal’s
behavioural, energetic, or survival capabilities
(Henry and Jarne 2007). Marks inevitably degrade
over time, and researchers should take additional
care to correct for mark loss with a sample of
double-marked individuals when the rate of mark
loss is nontrivial (Williams et al. 2002).

A range of common marking varieties exist
for use on gastropod shells, including drilling or
scoring of the exoskeleton, PIT tagging, and
application of paints, plastics, or other materials.
Enamel paint produces a durable, conspicuous
mark that can remain identifiable for four
months (Goater et al. 1989, laboratory: Helisoma
anceps; Boulding and van Alstyne 1993, field:
Littorina sp.) and longer (Boulding et al. 1993;
Johnson and Black 1998, in situ: Bembicium
vittatum; Tablado et al. 1994, field: Siphonaria
lessoni) on freshwater and marine gastropod
shells. Unfortunately, precise observations of
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mark loss over time do not exist. Goater (1989)
only reports maximum duration of enamel paint
in a laboratory setting, without any comment on
rate of degradation. Boulding et al. (1993) report
personal observations of mark endurance > 1 year,
but there is no consideration of mark retention in
the field. Tablado et al. (1994) report an average
monthly loss rate over 270 days of 0.03 marks
per month in a field study of the marine limpet
Siphonaria lessoni (Blainville); however, the
majority of their observations (53% and 96% in
two respective samples) were censored. This study
aims to clarify the performance of enamel paint
on Chinese mystery snail Bellamya chinensis
(Gray, 1834) shells in a laboratory setting.

The presence of the invasive freshwater
B. chinensis has been documented by the U.S.
Geological Survey (Kipp et al. 2012) in the water
systems of Nebraska, U.S.A. The first known
introduction of B. chinensis was in 1890 by sailors
returning from Yokohama, Japan (Jokinen 1982).
Although populations are well-established and
considered part of the permanent fauna in the
northeastern United States of America (Jokinen
1982), there is very little information regarding
the impacts of this species on invaded ecosystems
(Solomon 2010). Jokinen (1982) indicates that the
species has been found in Chinese markets and
are traded as food items (Wood 1892). Karatayev
et al. (2009) explain that the aquarium and
ornamental trade is another major vector for
introduction. Indeed, they state that this is the
main vector for introduction of the Chinese mystery
snail. Unfortunately, the literature quantifying
the incidence of introduction through these
means is lacking. Solomon et al. (2010) indicates
that the snail can reach extremely high densities
(0.16 — 4.00 snails/m?) in lakes of the Northern
Highlands Lake District of Wisconsin. Chaine et
al. (2012) provides evidence that snails occur in
densities up to 5.2 snails/m® in reservoirs in
Nebraska. The occurrences of B. chinensis are
associated with low densities of some native
species, but the overall species assemblage is not
significantly affected (Soloman et al. 2010).
Bellamya chinensis is a competitor to native
snails in experimental mesocosms (Physa gyrina
Say, 1821, Lymnaea stagnalis Linnaeus, 1758)
(Johnson 2009). Johnson (2009) also demonstrates
that B. chinensis physiology promotes an increase
in surrounding N:P molar ratios, which can alter
algae growth. Effectively marking these snails
could improve future monitoring and control
efforts of this potentially competitive invasive.
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Materials and methods

Bellamya chinensis specimens were collected
from Wild Plum Lake (40°36'52" N, 096°54'09"
W), about 7 km east of Crete, Nebraska, and
were transported back to the Aquatic Ecology
Laboratory at the University of Nebraska—
Lincoln. On 29 August 2011, individuals (n =
30) received an application of general hardware
store grade multipurpose oil-based enamel paint
(ACE brand Indoor/outdoor Oil-based Enamel -
Red) on the penultimate whorl of the shell. The
shell markings were unique letters or numbers.
After allowing the marks to dry for 15 minutes,
the marked snails were placed in a 30x59x42-cm
aquarium filled with 18°C de-chlorinated tap
water and sand substrate. The snails were fed
romaine lettuce supplemented with goldfish
flakes three times per week. A 50% water
exchange was conducted each week, refilled with
de-chlorinated tap water. De-chlorination was
accomplished using approximately 8 g of
crystalline sodium thiosulfate per 80 L of water,
or by off-gassing the same volume of water for
at least 1 week.

From 29 August 2011 to 26 February 2012,
exclusive of December 2011, snails were observed
three times per week. During observations,
individual snails were extracted from their
aquarium and inspected. Any degradation of the
markings was noted, and the legibility of marks
was assessed. Assessments were made by a single
individual throughout the experiment. Mark
endurance was estimated using Prism statistical
software (Graphpad Software 2008), with estimates
following the procedure of Kaplan and Meier
(1958). A log-rank test was performed in Prism to
discern significant differences between our marking
material and other experimental results.

We determined the duration of marks according
to their legibility and visibility. The retention of
legible marks is necessary in situations where
individuals need to be distinguished from one
another and symbolic characters are used. Our
second analysis determined endurance of marks
regardless of individual mark definition,
considering marks to be lost when no colour was
present. This is more relevant to population studies
where identification relies on only the presence or
absence of a mark. Marked snails that experienced
death (n = 7) during the experiment were
censored from the analyses and immediately
removed from the experimental tank; all marks
on censored snails were legible at time of death.
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Figure 1. Endurance of enamel-paint batch marks (visible; this
study), nail-polish batch marks (Gosselin 1993), and enamel-paint
individual marks (legible; this study). Censored events (i.e. snail
mortality) occurred on days 9 (1 event), 60 (1 event), 63 (3
events) and 67 (1 event) for this study.

Approximately one month into the experiment,
native Physa gyrina (Say, 1821) pulmonate fresh-
water snails inadvertently entered the experimental
aquarium and established a population (n > 200).
Interactions between the two species included
movement of P. gyrina over the shells of B.
chinensis, egg deposition by P. gyrina on B.
chinensis shells, and inter- and intraspecific
rasping on shells. The effects of these interactions
are unknown and were not accounted.

A separate study at Wild Plum Lake that
estimated Chinese mystery snail movement
patterns made marks with a similar enamel paint
(white) on adult snails (n = 494) on 8 September
2011. These marks were a solitary “X” on the
penultimate whorl of the shell. We used recapture
data to estimate a maximum endurance for
enamel paint in situ.

Results

All marks (n = 23) in our main study persisted to
the end of the experiment (i.e., there was no
complete loss of marking). Ninety-two percent of
the marks were legible 46 days into the experiment.
The median life time for mark legibility was
approximately 101 days, and 40% of the marks
were legible at the conclusion of the experiment
(Figure 1). Additionally, some of the marked
(enamel paint) snails released in Wild Plum Lake
as part of the separate movement pattern study
were recovered with visible marks 339 days after
release.

Discussion

We compared these results with other studies of
marking shelled gastropods. Henry and Jarne (2007)
provided a general literature review of some
available marking methods and associated mark
performance standardized for a 1-month duration
with a constant rate of mark loss. They catalogued
estimates of mark loss rates for plastic bee tags
(0.01 month™, 57 days), gouache paint (0.07
month™, 18.5 days), car body paint (0.03 month™,
57 days), and nail polish (0.03 month™ in
laboratory, 0.16 month™ in field, 120 days). Using
the same methods, enamel-paint marks had a loss
rate of 0.00 month™, as none of our marks had
disappeared by the conclusion of the experiment.

The use of symbolic markings introduces risk
of misinterpretation, and therefore, should be
avoided whenever possible. The procedure
suggested by Gosselin (1993) presents an efficient
method for marking individuals using combinations
of colour, instead of symbolic marks, for
individual recognition. Using 6 colours, Gosselin’s
system allows for individual identification of
186 unique combinations by applying < 3 dots of
paint. Caution is warranted when using multiple
colours because loss rates for gouache-paint
marks vary with colour (Henry and Jarne 2007). It
is unknown whether there is any dependency on
colour for longevity of enamel-paint marks; our
laboratory study used red colour enamel paint.

Nail polish appears frequently as a method of
marking gastropods in scientific literature
(Iyengar 2002; Muzii and Skinner 1966; Maltz 2003;
Tolley-Jordan and Owen 2008; Gosselin 1993;
Shigemaya et al. 2001), and appears to be the
simplest and most cost-effective technique for
marking shelled gastropods.Visibility of enamel-
paint marks is maintained longer than that of nail-
polish marks. Severns (2009) describes another
possible marking media, metallic marking pens
manufactured by Pilot'™, used on terrestrial
snails (Vespericola sp.). Metallic silver and gold
marks lasted up to 1.5 years, and the conspicuous
markings were not associated with higher
predation rates. The metallic pens are superior to
enamel paint in that ink can be applied and cured
within 1 minute, obviating the relatively long
drying time required for setting enamel paint and
the associated desiccation of vulnerable aquatic
gastropods. However, Severns (2009) described
the metallic ink as easily removed by light
abrasion after being immersed in water for 3
months, making its reliability on aquatic
gastropods dubitable.
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We conclude that enamel-based paint can be
used reliably for marking of B. chinensis shells
for durations up to 6 months. Given the maximum
observed lifetime of enamel-paint marks (1 year),
it is clear that subsequent testing is required to
clarify the detailed mark retention over longer
periods. The application of enamel paint on
terrestrial snails also appears to have utility.

Acknowledgements

Funding for this project came from the Undergraduate Creative
Activities & Research Experiences stipend provided by the Pepsi
Endowment Fund. This research was also supported in part by an
NSF IGERT grant, DGE- 0903469. Any opinions, findings, and
conclusions or recommendations expressed in this material are
those of the authors and do not necessarily reflect the views of the
NSF. The Nebraska Cooperative Fish and Wildlife Research Unit
is jointly supported by a cooperative agreement between the U.S.
Geological Survey, the Nebraska Game and Parks Commission,
the University of Nebraska—Lincoln, the U.S. Fish and Wildlife
Service and the Wildlife Management Institute. Any use of trade
names is for descriptive purposes only and does not imply
endorsement by the U.S. Government. We would also like to
thank the reviewers from this journal for dedicating their valuable
time and attention to our work.

References

Boulanger J, McLellan BN, Woods JG, Proctor MF, Strobeck C
(2004) Sampling design and bias in DNA-based capture-
mark-recapture population and density estimates of grizzly
bears. The Journal of Wildlife Management 68: 457-469,
http://dx.doi.org/10.2193/0022-541X(2004)068[0457:SDABID]2.0.CO;2

Boulding EG, Van Alstyne KL (1993) Mechanisms of differential
survival and growth of two species of Litforina on wave-
exposed and on protected shores. Journal of Experimental
Marine Biology and Ecology 169: 139-166, http://dx.doi.org/
10.1016/0022-0981(93)90191-P

Buckland ST (1982) A mark-recapture survival analysis. Journal
of Animal Ecology 51: 833—847, http://dx.doi.org/10.2307/4008

Chaine NM, Allen CR, Fricke KA, Haak DM, Hellman ML, Kill
RA, Nemec KT, Pope KL, Smeenk NA, Stephen BJ, Uden
DR, Unstad KM, VanderHam AE (2012) Population estimate
of Chinese mystery snail (Bellamya chinensis) in a Nebraska
reservoir. Biolnvasions Records 1: 283-287, http://dx.doi.org/
10.3391/bir.2012.1.4.07

Goater TM, Shostak AW, Williams JA, Esch GW (1989) A mark-
recapture study of trematode parasitism in overwintered
Helisoma anceps (Pulmonata), with special reference to

Halipegus  occidualis  (Hemiuridae). The Journal of

Parasitology 75: 553-560, http://dx.doi.org/10.2307/3282905
Gosselin LA (1993) A method for marking small juvenile

gastropods. Journal of the Marine Biological Association of

the United Kingdom 73: 963-966, http://dx.doi.org/10.1017/
S0025315400034834

Graphpad Software (2008) GraphPad Prism version 5.0a for Mac
0OsX

Henry PY, Jarne P (2007) Marking hard-shelled gastropods: tag
loss, impact on life-history traits, and perspectives in biology.
Invertebrate Biology 126: 138-153, http://dx.doi.org/10.1111/
j.1744-7410.2007.00084.x

234

A. Wong et al.

Iyengar EV (2002) Sneaky snails and wasted worms: klepto-
parasitism by  Trichotropis  cancellata ~ (Mollusca,
Gastropoda) on Serpula columbiana (Annelida, Polychaeta).
Marine  Ecology  Progress  Series 244: 153-162,
http://dx.doi.org/10.3354/meps244153

Johnson MS, Black R (1998) Effects of habitat on growth and
shape of contrasting phenotypes of Bembicium vittatum
Phillipi in the Houtman Abrolhos Islands, Western Australia.
Hydrobiologia 378: 95-103, http://dx.doi.org/10.1023/A:100
3241722328

Johnson PTJ, Olden JD, Solomon CT, Vander Zanden MJ (2009)
Interactions among invaders: community and ecosystem
effects of multiple invasive species in an experimental
aquatic system. Oecologia 159: 161-170, http:/dx.doi.org/10.
1007/s00442-008-1176-x

Jokinen EH (1982) Cipangopaludina chinensis (Gastropoda:
Viviparidae) in North America, review and update. Nautilus
96: 89-95

Kaplan EL, Meier P (1958) Nonparametric estimation from
incomplete observations. Journal of the American Statistical
Association 53: 457-481, http://dx.doi.org/10.1080/01621459.19
58.10501452

Karateyev AY, Burlakova LE, Karateyev VA, Padilla DK (2009)
Introduction, distribution, spread, and impacts of exotic
freshwater gastropods in Texas. Hydrobiologia 619: 181-194

Kareiva PM (1983) Local movement in herbivorous insects:
applying a passive diffusion model to mark-recapture field
experiments. Oecologia 57: 322-327, http://dx.doi.org/10.1007/
BF00377175

Kipp RM, Benson AJ, Larson J, Fusaro A (2012) Cipangopa-
ludina japonica. USGS Nonindigenous Aquatic Species
Database, http:/nas.er.usgs.gov/queries/FactSheet.aspx?speciesID=1046

Maltz TK (2003) Life cycle and population dynamics of
Helicodonta obvoluta (O.F. Miiller, 1774) (Gastropoda:
Pulmonata: Helicidae). Folia Malacologia 11: 63—88

Muzii EO, Skinner HCW (1966) Calcite deposition during shell
repair by the aragonitic gastropod Murex fulvescens.
Science 151: 201-203, http://dx.doi.org/10.1126/science.151.3707.201

Pradel R (1996) Utilization of capture-mark-recapture for the
study of recruitment and population growth rate. Biometrics
52:703-709, http://dx.doi.org/10.2307/2532908

Severns PM (2009) A conspicuous, water-resistant ink for
marking terrestrial snails. Journal of Molluscan Studies 75:
9394, http://dx.doi.org/10.1093/mollus/eyn040

Shigemiya Y, Kato M (2001) Age distribution, growth, and
lifetime copulation frequency of a freshwater snail, Clithon
retropictus (Neritidae). Population Ecology 43: 133-140,
http://dx.doi.org/10.1007/PL00012024

Solomon, CT, Olden JD, Johnson PTJ, Dillon RT, Vander Zanden
MIJ (2010) Distribution and community-level effects of the
Chinese mystery snail (Bellamya chinensis) in northern
Wisconsin lakes. Biological Invasions 12: 1591-1605,
http://dx.doi.org/10.1007/s10530-009-9572-7

Tablado A, Lopez Gappa JJ, Magaldi NH (1994) Growth of the
pulmonate limpet Siphonaria lesson (Blainville) in a rocky
intertidal area affected by sewage pollution. Journal of
Experimental Marine Biology and Ecology 175: 211-226,
http://dx.doi.org/10.1016/0022-0981(94)90027-2

Tolley-Jordan LR, Owen JM (2008) Habitat influences snail
community structure and trematode levels in a spring-fed
river, Texas, USA. Hydrobiologia 600:29—40, http://dx.doi.org/
10.1007/s10750-007-9173-3

Williams BK, Nichols JD (2002) Analysis and management of
animal populations. Academic Press, San Diego, California,
793 pp

Wood WM (1892) Paludina japonica Mart. for sale in the San
Francisco Chinese markets. The Nautilus 5: 114115



