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Abstract

Olfaction is an important mechanism of orientation in amphibians toward the breeding site. It is known that anurans can
memorize the odor of the native pond during larval development and prefer this odor prior to the beginning of dispersion.
However, such a mechanism in urodeles has not been studied yet. We conducted experiments on recognition of the odor
of a native water body in juveniles of the smooth newt Lissotriton vulgaris. One group of larvae were reared in pure water
(control), the other group in water with morpholine (10~ mol/L). A few days after metamorphosis, the newts were tested
under paired-choice conditions in a T-maze. A total of 73 newts from the experimental group and 47 newts from the control
group were tested. The results of the experiment show that the newts in the experimental group preferred the morpholine
solution, whereas the individuals of the control group made the choice randomly. We conclude that newts can learn the odor
of the environment in which they developed and use this memory for orientation in later stages of life.
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Introduction

Animals need to recognize and find a suitable environment
to meet species” basic needs, and they develop various orien-
tation and navigation mechanisms to fulfill this need (Davis
and Stamps 2004). Among vertebrates, amphibians are of
particular interest because many of them have a complex
biphasic life cycle with a change of habitat during meta-
morphosis and seasonal migrations. Since breeding of most
species is associated with a suitable breeding pond, such
amphibians need reliable mechanisms to memorize it and
find a path to it later. In addition, many species consistently
demonstrate philopatry, i.e., the use of the same water bodies
for breeding (Wells 2007).
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Olfaction is the sensory base of one such orientation
mechanism that has been confirmed by numerous studies
(Sinsch 2006). For navigation, amphibians can potentially
utilize a variety of odor sources. For example, a study on
metamorphs of the great crested newt Triturus cristatus
showed that in an olfactometer, these animals preferred
the odor of their own previously used substrates over the
substrates used by other metamorphs. The metamorphs
also showed preference for substrates previously used by
an adult over the clean substrates. Authors of the study sug-
gest that juvenile newts favored familiar stimuli and used
them during the dispersal (Hayward et al. 2000). However,
this ability to recognize substrate odor is not universal: in a
similar study, adult northern spectacled salamanders Sala-
mandrina perspicillata could not recognize the odor of soil
from the vicinity of their breeding pond in a Y-maze; never-
theless, the salamanders still showed a preference for their
own smell (Vignoli et al. 2012). One of the most important
odor sources is a breeding pond. For example, in the field
experiments where alpine newts Triturus alpestris were
released into circular arenas at a distance of 10 m from their
breeding pond, the newts oriented toward the pond. After the
pond surface was covered, thus preventing the odor spread,
the newts changed direction and moved toward another
nearby body of water (Joly and Miaud 1993). In another
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study, anosmic red-spotted newts Notophthalmus virides-
cens exhibited random orientation in a circular arena at a
distance of 20 m from the breeding pond, whereas the sham-
operated control group oriented toward the pond (Hershey
and Forester 1980). In similar experiments with toads Bufo
Jjaponicus and Epidalea calamita, individuals with impaired
sense of smell were unable to orient themselves toward the
breeding pond (Sinsch 1992; Ishii et al. 1995).

The ability to distinguish the odor of water from the
breeding pond from any other water body has also been
shown in laboratory experiments, when tests in a T-maze
used as an olfactometer were performed on a number of spe-
cies of anurans (Grubb 1973a, b). In Urodela, similar results
were obtained on Ambystoma maculatum, which preferred
the odor of its breeding pond to that of other water bodies
in substrate preference boxes (Mcgregor and Teska 1989).

Odor learning can occur either during the breeding or
during larval development. The latter is probably providing
an evolutionary benefit, since if an individual developed in
this specific body of water, it may also be suitable for the
survival of its offspring. Odor learning during larval devel-
opment has been demonstrated in experiments with Anura
species. Larvae of several species were reared in a chemi-
cally marked environment in laboratory conditions, pool
frog Pelophylax lessonae (Ogurtsov and Bastakov 2001;
Ogurtsov 2005), common frog Rana temporaria (Ogurt-
sov 2007), green toad Bufotes viridis (Shakhparonov and
Ogurtsov 2005; Ogurtsov 2007), and common toad Bufo
bufo (Bastakov 1992). After metamorphosis, the juveniles
of this species showed a preference for familiar odors in the
test chambers. Anuran amphibians presumably use olfac-
tion to orient themselves to their native pond to successfully
complete development, to move away from the pond dur-
ing dispersal (during this period, they reject the native pond
odor), and to return to their native pond as adult individuals
for breeding (Ogurtsov 2004; Shakhparonov and Ogurtsov
2005). The kin recognition in young amphibians, which has
been demonstrated in a number of studies (Blaustein and
Waldman 1992; Hepper and Waldman 1992), can be another
case of odor learning during larval development since, under
laboratory conditions, the kin odor would be the main envi-
ronmental odor available (Pfennig 1990; Orgutsov 2004).
Importantly, the olfactory organs undergo changes during
the metamorphosis, since the mechanisms of odor detection
in the water and in the air are different (Arzt et al. 1986;
Rézariski and Zuwata 2019). The Bowman’s and vomero-
nasal glands are formed to lubricate the nasal and vome-
ronasal cavities (Getchell and Getchell 1992; Kovtun and
Stepanyuk 2015; Weiss et al. 2021). In the olfactory epithe-
lium, microvillous receptor neurons, which are used for the
odor perception in the water, disappear or degrade (Freitag
et al. 1995; Hansen et al. 1998; Weiss et al. 2021). Addition-
ally, odorant-binding proteins begin to form in the mucus of
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olfactory epithelium for the purpose of capturing volatile
compounds (Millery et al. 2005). For the aforementioned
reasons, compounds recognizable in either the air or water
can be used for orientation.

However, to date, there have been no studies devoted to
the memorization of a chemical stimulus in urodeles and it
is unclear whether metamorphosed individuals can use the
odor of such stimulus as an orientation cue. Therefore, the
aim of our work was to study the memorization and subse-
quent recognition of the native pond odor by Urodela. We
chose the smooth newt Lissotriton vulgaris (Linnaeus, 1758)
as a model species. Its biology is well studied, and the spe-
cies itself is abundant enough to allow long-term experi-
ments to be conducted.

Materials and methods

Embryos and larvae of the smooth newt, obtained from eggs
in the laboratory, were used in this study. Adults (10 males
and 20 females) were collected during the breeding season
on April 27, 2022 in a natural pond on the territory of the
Biosphere nursery (town of Bronnitsy, Moscow Oblast). The
newts were kept in aquariums in groups of ten, following the
method developed for a closely related species, Lissotriton
lantzi (Kidov 2018). Spawning occurred without hormo-
nal stimulation. The freshly laid eggs were transferred to
28 x 19X 14 cm plastic containers (with a volume of water
of 3 L). Subsequently, the density of four larvae per liter of
water was maintained during rearing.

The eggs obtained from adults were divided into 2 experi-
mental groups.

Group 1: “marker”, embryos and larvae developed in
chemically marked dechlorinated tap water.

Group 2: “control”, embryos and larvae developed in pure
dechlorinated tap water.

Morpholine (C,H,NO) at a concentration of 10~ mol/L
was used as a marker (artificial source of odor of the native
water body). This chemical was chosen because it is well
soluble in water, chemically stable, is not present in the pure
form in the natural environment, and has been successfully
tested on anurans (Ogurtsov 2005).

The water in the containers was completely replaced three
times a week with fresh water of the same temperature and
chemical marker concentration. From the beginning of feed-
ing, the newt larvae were fed live Artemia salina (Linnaeus,
1758) nauplii, and as the newts grew, they were gradually
transferred to a diet of Chironomidae larvae.

The experiments were conducted in T-mazes designed
to test the odor preference of the chemical marker 0-2 days
after metamorphosis (Fig. 1). Petri dishes with dechlorin-
ated tap water or morpholine solution (10”7 mol/L) were
placed at the ends of the T-maze arms. Each newt was tested
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Fig.1 Scheme of the T-maze used for the experiments. The starting
zone is indicated in white color; the dark gray indicates the arms of
the maze with a chemical stimulus; the light gray indicates the stimu-
lus area; dotted circle indicates the position of a starter box; arrows
indicate the movement of newts to either arm of the maze; A and B
indicate Petri dishes with chemical stimulus (morpholine solution or
water, respectively)

individually and only once. Newt was transferred from the
terrarium to the maze in an opaque release container, and
the container with the animal inside was rotated in different
directions before the beginning of the experiment to disrupt
the kinesthetic orientation. Then the release container was
covered with a starter box (4 cm in diameter, 1 cm high
walls) and placed upside down in the starting chamber. The
animals were given two minutes to calm down, after which
the release container was lifted, and the newts were left in
the starter box. The starter box prevented the newts from
instantaneous movement, which could be related to the
direction of the animal’s head. The testing time was 40 min.
The chambers were covered with transparent plastic to avoid
any external odors. The testing took place under artificial
diffused lamp light (13.45 1x). The mazes were horizontally
aligned using a construction level. In the experiments, two
mazes were used simultaneously in the positions mirroring
each other. The arrangement of the stimuli was crosswise;
after each test, the position of the Petri dishes was reversed.
Movements of the newts were recorded on a Panasonic
CH-V770 video camera for further analysis.

A total of 73 individuals from the “marker” group and 47
individuals from the "control" group were tested.

To analyze the behavior of newts, the maze was divided
into the starting zone (from the anterior wall of the maze to
the posterior wall) and the right and left arms. Additionally,
a chemical stimulus area was distinguished, defined as the
space near the petri dish (Fig. 1).

We recorded the following parameters: (1) direction of
first choice, i.e., the first exit of a newt from the starting
zone into one of the maze arms; (2) number of the newts
that reached a stimulus area; (3) total time spent in one of
the three sections of the maze.

Statistical analysis of the direction of first choice and
the number of individuals that reached a stimulus area was

performed using the binomial test. The time spent in the dif-
ferent maze sections was analyzed using the Wilcoxon test
(Lehner 1996). The calculations were performed in Statistica
8.0 (Statsoft Inc. 1984-2007).

Results

In our experiments, 9 out of 73 newts in the “marker” group
and 6 out of 47 newts of the “control” group did not leave
the starting chamber (i.e., these newts did not completely
cross the borders of the maze arms) until the end of the
experiment.

In the “marker” group, the newts were significantly more
likely to make the first choice of direction toward the maze
arm containing a Petri dish with morpholine solution (40 vs.
24 individuals, P=0.03), whereas the result of this choice
was random in the “control” group (20 vs. 21 individuals,
P=0.5).

Analysis of the number of newts that reached a stimulus
area showed no statistically significant differences in the
choice in either the “marker” group (38 vs. 26 individuals,
P=0.12) and the “control” group (23 vs. 18 individuals,
P=0.26).

Analysis of the time that newts spent in each of the maze
arms during the entirety of the experiment revealed no sig-
nificant differences in any of the groups (Fig. 2).

To test whether the movement of newts was associated
with some other cues (such as the Earth magnetic field or
other uncontrolled cues), we analyzed the obtained results
on the orientation of the newts factoring in the geographi-
cal position of the maze arms (“geographical” bearings).
During the study, the arms of the maze were oriented in
four directions: geographical Northeast and Southwest, or
geographical Northwest and Southeast. We found no statisti-
cally significant preferences of a certain compass direction
(Table 1). Analysis of the possible preference for turning
left or right did not reveal any preferences in either group
(Table 1).

Discussion

The results of our experiment showed that the juvenile
smooth newts prefer to make the first turn toward the odor
that had been present during their larval development, while
no such preference was observed in the control group. Thus,
newts are able to learn the odor of the environment in which
they developed, similarly to juvenile fishes (Cooper and
Hasler 1973, 1976) and anurans (Pfennig 1990; Bastakov
1992; Ogurtsov 2005). This may also indicate the possibil-
ity of olfactory orientation near the native pond, which has
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Fig.2 Direction of first choice in the T-maze (a, b) and total time
spent in one of three sections of the maze (c, d). a, c—"“Marker”
group; b, d—"“Control” group; Morpholine: maze arm with Petri dish
containing morpholine solution (10~ mol/L); Water: maze arm with

been found in Anura species (Orgutsov 2004; Popescu et al.
2012; Shakhparonov and Ogurtsov 2005).

It is important to understand the cause underlying the
preference for the odor of the chemical marker in our experi-
ments. It is known that dispersal from the native pond after
the metamorphosis occurs among the juvenile urodeles and
anurans (Bell 1977; Kusano and Miyashita 1984; Sinsch
1997; Gamble et al. 2007; Pittman and Semlitsch 2013).
There are two variants of this process: (1) immediate disper-
sal after emerging onto land without a stay of any length in
the vicinity of the native pond; in this case, lack of reaction
to the chemical stimulus or its avoidance are to be expected,
since there is no need in remaining near the native pond; (2)
juveniles remain near the native pond for some time after
their metamorphosis, and in this case, a reaction of prefer-
ence toward the odor of the pond can be expected during
the post-metamorphic period. This second variant of devel-
opment is known for several species of anurans (Bastakov
1992; Ogurtsov 2005).

@ Springer
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Petri dish containing tap water. Unresponsive: individuals that have
not left the starting zone (these individuals were not included in the
analysis of time spent in the parts of the maze). Significant differ-
ences are bolded

Smooth newts are known to disperse from their native
ponds (Bell 1977), but there is no precise data (that we
were able to find) describing whether the smooth newt
leaves its native pond immediately or after a delay. How-
ever, if we consider urodeles in general, the Mitsjama sala-
mander Hynobius nebulosus is known to initially remain
near the native pond. Juveniles of this species that recently
underwent metamorphosis stayed in the vicinity of their
native pond, moving farther away as the salamanders grew
in size (Kusano and Miyashita 1984). Another indirect
example of delayed dispersal of the juvenile urodeles is
the dispersal from the pond of metamorphs of the Eastern
newt Notophthalmus viridescens being associated with
rains (Healy 1975), i.e., the metamorphs can remain near
the native pond until the conditions are suitable for the
migration, similarly to anurans (Ogurtsov 2012). There-
fore, it is possible that the odor preference we observed in
the smooth newt indicates a yet undescribed period in the
life cycle, where the newt remains near the native pond
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Table 1 Direction of first choice of newts according to geographical
position of maze arms, and left or right turn preference

“Geographical” bearings

Geographical direction Number of newts Binomial test (P)

“Marker” group

Northwest 27 0.08
Southeast 17

Northeast 7 0.13
Southwest 13

“Control” group

Northwest 12 0.11
Southeast 20

Northeast 4 0.50
Southwest 5

Left or right turn
“Marker” group

Maze arm Number of newts Binomial test (P)
Left 34 0.35
Right 30
“Control” group
Left 18 0.26
Right 23

until the completion of the metamorphosis, or until the
conditions become suitable for the migration.

There is another possible explanation of the preference
for the chemical marker, where a specimen in the experiment
attempts to move toward a familiar cue. This behavior is an
appropriate reaction to an unfamiliar environment, which
an animal encounters after being released into a maze. The
juvenile individuals of the great crested newt acted in this
manner, choosing the more familiar odor in the tests (Hay-
ward et al. 2000). Additional studies are required to deter-
mine which explanation is more accurate.

Interestingly, the analysis of the number of individuals
reaching a stimulus area and of the time spent in a certain
zone did not reveal statistically significant differences. The
newts do not linger in the maze arm of their first choice, but
actively move through the maze. This is possibly due to the
exploratory activity of the animals in the new environment,
which masks their initial choice. A similar effect of explora-
tory behavior masking the preference in a T-maze has been
noted in mice (Habedank et al. 2001). In urodeles, it has also
been shown that higher exploratory activity is characteristic
of juveniles that were raised at higher densities (Ousterhout
and Semlitsch 2018). This is due to the more active disper-
sal of the juvenile urodeles seeking a more favorable habi-
tat compared to unfavorable conditions of the native pond
(high concentration of the larvae, low water level, strong
competition, etc. (Ousterhout and Semlitsch 2018). In our
experiments, rearing densities were higher than in nature. In

nature, the rearing density reaches up to 7 larvae per m? of
the bottom of the pond (Hagstrom 1979)), in our case it was
4 larvae per L, equivalent to approximately 226 larvae per
m? of the aquarium bottom. This higher density should fur-
ther stimulate exploratory behavior. Additional analysis of
newt movement may shed light not only on the mechanisms
of newt orientation, but also on their behavior in unfamiliar
environments.

In the Introduction, we noted that the olfactory sys-
tem changes during the metamorphosis. Thus, our results
indicate that the newts can perceive morpholine as both
water- and airborne odorant, which is detected by the larval
and adult olfactory systems. The ability to detect odor of
a compound in the water and air environments using has
been shown electrophysiologically on the tiger salamander
Ambystoma tigrinum. The tiger salamander larvae reacted
only to the chemical stimuli dissolved in water (from a wide
variety of odorants used in the study). Only one single larva
reacted to an odor of the airborne water vapor. The adult
specimens reacted to both water- and airborne chemical
stimuli of the same odorants (Arzt et al. 1986). Similarly
to our case, anurans reared in a chemically marked environ-
ment (the markers also included morpholine) preferred the
odor of the chemical marker, therefore, were able to detect
it after the transition to the terrestrial olfaction (Hepper and
Waldman 1992; Ogurtsov and Bastakov 2001; Ogurtsov
2007). We can therefore conclude that the change of the
receptor does not affect the memory of an odor of a chemical
stimulus in either urodeles or anurans. Notably, this phenom-
enon is not unique to these animals. Studies on insects have
also shown the ability to memorize chemical stimuli on the
larval stage of development and retain this memory after
the metamorphosis (Ray 1999; Rietdorf and Steidle 2002;
Blackiston et al. 2008).

An odor learned during larval development can also be
used by adult newts to return to the native pond for breed-
ing. The olfactory orientation of the adults has been demon-
strated in several studies (Twitty 1959; Hershey and Forester
1980). The results of our study expand our understanding of
homing in amphibians, as well as the role of olfaction as a
mechanism of spatial orientation. In addition, our findings
can be used to improve conservation techniques of Urodela
amphibians. For population recruitment of newts, it is more
advantageous to transfer the eggs in lieu of the adult speci-
mens, since the growing larvae will form associations with
the new habitat. The preferences of larvae should also be
taken into account during the anthropogenic transformation
of their habitat in order to preserve the population.

Future studies should determine whether odor learning
occurs uniformly throughout development, or there are spe-
cific sensitive periods when the odor learning occurs actively
and the periods when the learning does not does not occur,
as characteristic for the imprinting. Such sensitive periods
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have been noted in anurans (Ogurtsov 2004). Another prob-
lem for future studies is how the reaction changes over a
longer time after metamorphosis.
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