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ABSTRACT

Experimental tests were conducted with the lizdodaemus tenui§Tropiduridae), to determine the potential sources

of pheromones used in its chemical communication, centered in the phenomenon of self-recognition. During the post-
reproductive season, feces of both sexes and secretions of precloacal pores (present only in males) were tested. Stimuli
were presented to lizards spread on rocks, and the number of tongue-flicks (TF) to the rocks was used as a bioassay to
determine pheromone recognition. Feces contained pheromones involved in self-recognition, since lizards showed less
TF confronted to rocks with suspensions of their own feces than with suspensions of feces of conspecifics or with water
(control). In order to assess the chemical nature of self-recognition pheromones, feces were submitted to a sequential
extraction with three solvents of increasing polarity, thereby obtaining three feces fractions. There were no differences
in TF towards rocks with different fractions with own feces. Additionally, lizards showed similar TF to rocks with
fractions of own and conspecific feces, suggesting that the separation procedure broke up a complex stimulus into parts
that were not active individually as pheromones. Finally, males did not discriminate between precloacal secretions from
themselves and from another male. It is possible that these secretions convey information relevant to or detectable by
females only.
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RESUMEN

Se realizaron pruebas experimentales con la espeté@mus tenui§Tropiduridae), para determinar las potenciales

fuentes de feromonas usadas en su comunicacion quimica. El estudio se centré en el fendmeno de auto-reconocimiento.
Durante la estacion post-reproductiva, las fecas de ambos sexos y las secreciones precloacales (presentes sélo en
machos) fueron probadas. Los estimulos fueron presentados a los lagartos esparcidos sobre rocas, y el nUmero de
lamidos (TF) a la roca fue utilizado como un bioensayo para determinar reconocimiento de feromonas. Las fecas
contienen feromonas involucradas en auto-reconocimiento, ya que los lagartos realizaron menos TF confrontados con
rocas con suspensiones de fecas propias que de un conespecifico o con agua (control). Con el objeto de evaluar la
naturaleza quimica de las feromonas de auto-reconocimiento, las fecas fueron sometidas a una extraccién secuencial
con tres solventes de polaridad creciente, obteniéndose asi tres fracciones de fecas. No existio diferencia en el nimero
de TF hacia las distintas fracciones de fecas. Mas aun, los lagartos no mostraron diferencias en TF cuando fueron
expuestos a fracciones fecales propias y de conespecificos. Esto sugiere que el procedimiento de separacion disgrego
un estimulo complejo en partes que no son activas individualmente. Finalmente, los machos no discriminaron entre
secreciones precloacales de ellos mismos y de otros machos. Probablemente estas secreciones sean portadoras de
informacion relevante o detectable sélo por hembras.

Palabras clave:auto-reconocimientd,iolaemus secreciones precloacales, fecas.

INTRODUCTION Cooper et al. 1996, Labra & Niemeyer 1999).

Pheromones, i.e., semiochemicals involved in

Chemoreception through the vomeronasal organ iatraspecific communication (Meredith 1999), have

an important sensory modality in lizards (Masorbeen shown to be involved in sexual recognition

1992), experimentally demonstrated in species dCooper 1994, Cooper et al. 1996), territory mark-

different families including Iguanidae, ing (Alberts 1992a), avoidance of agonistic en-

Phrynosomatidae, Eublepharidae, Gekkonidaeounters (Cooper & Vitt 1987a), kin recognition

Scincidae, Gerrhosauridae, Lacertidae, Cordylidaél.ena & de Fraipont 1998), and mother-offspring
and Tropiduridae (Mason 1992, Cooper 1994recognition (Bull et al. 1994).
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Comparatively less is known about the site§Xclusively fed with mealworms every other day.
where pheromones are synthesized and secretédiceé per week, food was dusted with reptile
They can derive from specific organs such a¥itamins and mineral supplements. Water was
femoral (Alberts 1993), precloacal (Cooper et alSuPpliedad libitum Experimentation began after
1994), or urodaeal glands (Cooper et al. 198@2ne week of habituation to enclosures.

Cooper & Garstka 1987, Cooper & Trauth 1992).

Less specific sources can also be involved such as )

the exudates of the body surface (Mason & Gutzkeamples and experiments

1990, Bull et al. 2000) and feces (Duvall et al.

1987, Werner et al. 1987, Carperter & DuvalFeces were collected twice a week with metal

1995, Lopez et al. 1998, Bull et al. 1999a, 19994orceps previously cleaned with 95 % ethanol and
Aragén et al. 2000). placed individually in labeled glass vials, which

Evidence suggests that differdriolaemudiz-  Were sealed and stored at -20 °C. Two hours before
ards (Tropiduridae) have self, conspecific an(yhelr use vials were thawgd at room temperature.
congeneric chemical recognition (Labra & Simultaneously, two experiments were performed,
Niemeyer 1999, Labra et al. 2001a, 2001b): howand their trials were performed randomly. The first
ever, the sources of pheromones involved in thegXPeriment was designed to determine if intact
processes have not been established. Secretidf§§€S are a source of pheromones, and the second
of precloacal pores, a set of structures mainl{0 determine the chemical nature of such
present in males dfiolaemusspecies (Cei 1986, pheromones. For the first experiment, one or two
1993), have been suggested to play a role ipelletsoffecesproduced by ananimalwere crushed
chemical communication (Escobar et al. 2001)(25.0% 1.70 mg, n = 17; meaf SE) in a mortar
On the other hand, under laboratory and field'ith 7.5 ml distilled water for 10 min, spreading
conditions Liolaemus lizards frequently make the suspension over a clean rock (ca. 132 c
tongue-flicks (TF) to feces (A. Labra personalthis way we ensured that feces were a source of
observations). Because TF are commonly used §§€mical and not of visual signals. Additionally
a bioassay for vomerolfaction (Cooper 1998)!|ghts ysed during experiments did not allow UV
these observations suggest that feces may Carr@flechon from feces (see Alb_erts 1989). _Treat-
pheromones. We undertook herein a study onents were rocks covered with suspensions of
precloacal pores of males and feces of both sexd§ces of the test individual (own feces) or of a
as sources of pheromones liiolaemus tenuis conspecific of the same sex as the test individual
The study was performed during the post-reprotcosexual), or with distilled water (control).
ductive season, since during this perladenuis ~Fractions of feces containing compounds of

shows self-recognition (Labra & Niemeyer 1999)_different polarities were obtained by subjecting a
pool of feces (155 13 mg) to three consecutive

extractive treatments: (1) the pool was macerated
MATERIAL AND METHODS in a mortar with dichloromethane (7.5 ml) for 10

min and filtered through Whatman No. 2 paper.
Liolaemus tenuiswas collected at El Ingenio The filtrate containing the least polar compounds
(33°46’ S, 70°15’ W; 1,850 m), near Santiago©f feces (fraction 1, F1) was spread over a clean
Chile. Seventeen individuals (9 males, 8 femaled)Pck; (2) solids remaining on the filter paper were
were captured by noosing during April - May™Macerated in a mortar with ethanol (7.5 ml) for 10
(autumn) and taken to Universidad de Chile, wherBin and then filtered. The new filtrate (fraction 2,
they were placed in an indoor vivarium with aF2) was spread over a new clean rock; (3) solids
10L:14D photoperiod. Halogen lamps (350 w)rémaining on the filter and comprising the most
provided environmental temperatures in a rang@olar compounds were suspended in distilled water
between 13 to 32 °C, similar to those recorded iraction 3, F3) and spread over a third new clean
nature during hot autumn days. Lizards werd0ck. In this experiment treatments were rocks
housed individually in plastic enclosures (37 x 3¢0overed with fractions of own feces, of a cosexual,
x 15 cm) containing a 2-cm layer of sand. Th&r solvent; dichloromethane, ethanol, or distilled
cover of the enclosure and the wall direcﬂy exwater were the controls for fractions F1, F2, and
posed to light were made of a plastic mesh, allowF3, respectively.
ing lizards to perform behavioral thermoregula- Lizards were exposed randomly to 11 treat-
tion. Enclosures had a Petri dish for water, and @ents in feces experiments. The trial with dis-
rock for basking and for shelter. Because diet maj!led water was performed only once.
affect the semiochemicals perceived and used ag”fter completing the experiments with feces,
pheromones (i.e., Walls et al. 198B) tenuisvas the orange-yellow waxy precloacal secretions of
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males were collected (see Escobar et al. 2001day. Experiments with secretions of precloacal
There was no evidence of damage caused by tiperes were started one week after extraction to
extraction. Secretions were weighed (089.5 avoid potential stress caused by manipulation.
mg, meant: SD, n =8) and placed in vials contain- Females were submitted to a total of 11 different
ing dichloromethane (40Ql). The non-soluble treatments, and malesto 13 treatments. Each lizard
part of secretions was removed by filtration. Thevas tested only once, except when a trial needed to
solvent of the soluble part was removed under e repeated. At the end of the study, animals were
stream of dry nitrogen, and the residue was frozereturned in good conditions to the field.
and maintained in individual vials at — 20 °C until Data for males and females were pooled since
two hr before use. Extracts of precloacal secrahey showed non-significant differences. Because
tions (5 ug of secretion in 4.5 ml of dichlo- data were normally distributed and had homoge-
romethane) were spread over a clean rock. Malesous variances, one or two-way repeated-meas-
were exposed to rocks covered with extracts aires ANOVA tests followed by a posteriori mul-
secretions from themselves or from another malegiple comparisons using Tukey’s HSD test were
Data from the control condition (rock spread withused (Zar 1984). One-way ANOVA was performed
dichloromethane) were used from the previouso determine effects of treatments (own samples,
experiments. Exploratory analyses indicate thatrom cosexual, and solvent) on TF in experiments
there is no difference in the behavior confrontedvith intact feces and precloacal secretions. Two-
with different solvents; therefore we re-used datavay ANOVAs were used to compare: (1) TF in
of control condition to avoid submitting lizards toexperiments of fractionated feces with treatments
unnecessary trials. (see above) and fractions as factors and (2) TF of
Experiments were performed between 10:3@nales when factors were the source of stimuli
and 15:00 h. Before exposing lizards to rockg¢feces or precloacal secretions) and treatment
with stimuli, solvents were evaporated by placingdsame as above). During the experiments with
rocks in an oven at43°C for 1 h. Thereafter, rockieces fractions two lizards escaped, so the final
were placed in the test enclosure (unused enclgample size was reduced to 15.
sure identical to the one used to maintain lizards)
which had clean sand and a bowl with water. At
the beginning of trials rocks had temperatures RESULTS
between 36 °C and 40 °C, which facilitated ex-
periments since lizards approached rocks tEeces
thermoregulate. Pilot trials showed that lizards
took more than one hour to approach and lick a
cold rock (< 30 °C). Rocks and enclosures werExperiments with intact feces indicated that liz-
used once, then washed thoroughly and driedrds reacted differently to treatments (f= 7.23,
Sand was discarded. P = 0.003); they showed fewer TF to rocks cov-
The testindividual was removed from its encloered with suspension of own feces, than to rocks
sure and placed in a fabric bag for 45 min. Therecovered with feces of cosexual or solvent (Fig. 1).
after, it was placed in the test enclosure with &ontrarily, when fractions of feces were tested,
rock covered with some of the stimuli previouslyTF was unaffected by treatment,(E= 0.09, P =
described. Lizards were released in the enclosufe92), type of fraction (F,,= 0.65, P = 0.53) or
opposite to the rock. The number of TF to the rockheir interaction (F,,= 1.69, P = 0.16). Mean
was recorded during 10 min after the first TF tovalues of TF ranged between 6.67, in the case of
the rock. Observations were made from behind males confronted with F1 of cosexual, and 9.53
curtain, and data were recorded using The Olwhen animal were confronted with F3 of
server software (Noldus 1995). conspecific.
Body temperature can affect the rate of TF
(Cooper & Vitt 1986a). Therefore, cloacal body
temperatures were recorded using a Cu-constant®&mecloacal secretions
thermocouple and a digital thermometer (Digi-
Senset 0.1°C) after experiments. If temperaturesTF performed by males confronted to rocks with
were not within two degrees af tenuisselected extracts of precloacal secretions was affected by
body temperature (Labra 1998), trials werdreatment (E,,= 7.59, P = 0.006). Males showed
discarded and repeated later. Additionally, if liz-similar TF to rocks covered with own secretions
ards retreated under the rock or failed to show TEnd secretions from another male, and in both
within 20 min, trials were canceled and postponedases less TF than to rocks with solvent (Fig. 2).
to a latter date. Lizards were tested every oth€Zomparisons of TF shown by males exposed to



144 LABRA ET AL.

(Font 1996); hence, detection and recognition of
stimuli is reflected in differences in the number
of tongue-flicks among treatments (Cooper 1998).
7+ Additionally, different authors have proposed
chemical self-recognition when lizards show fewer
TF under conditions confronted to their own
6L stimuli than with those of conspecifics (e.g.,
Bissinger & Simon 1981, Alberts 1992a, Lépez et
al. 1997, Cooper et al. 1999, Aragon et al. 2001).
The experiments with intact feces bf tenuis
strongly suggest that feces contain pheromones
that allow self-recognition, since lizards per-
formed fewer TF to rocks spread with their own
4 fecal suspensions than with those from a cosexual
or with water. One of the main functions attrib-
uted to self-recognition is that it may facilitate
identification of territorial boundaries (Alberts
1992a), which may reduce agonistic interactions
among individuals. In the case bf tenuisthis

Fig. 1: Mean number of tongue-flicks to the rock @ability may be particularly relevant, since it is a
(+ SE) exhibited by iolaemus tenuisRocks were territorial species (Manzur & Fuentes 1979).
covered with suspensions of feces in water. Some results with intact feces may be consid-
Treatments were rocks covered with suspensions €red counterintuitive at first glance, e.g., lizards
of own feces, or that from conspecifics of the :
same sex as the lizards tested (cosexual), or with 9 7‘ O Precloacal secretion ‘
. . . ® Feces
distilled water (control). Test period lasted 10 min.,

Number of tongue-flicks to the rock

| | |
Own Cosexual Control
Treatment

Sample size per treatment = 17. § g
Numero promedio de lamidos a la rogaHE) realizados 2
por Liolaemus tenuisLas rocas fueron cubiertas con ‘5
suspensiones de fecas en agua. Los tratamientos fueron 7, 7
rocas cubiertas con suspensiones de fecas propias, de un S
conespecifico del mismo sexo del lagarto que era probado®
(cosexual), o agua destilada (control). El periodo de prueb% 61
fue de 10 min. Tamafio muestreal por tratamiento = 17. 2
S sl
o

two sources of stimuli (feces or precloacal secreg
tions) in three treatments, indicated that TF wag 4r

affected by treatment (F,= 13.31, P = 0.0006). 3 ;

Males showed higher TF to rocks with solvents 3+

than with extractions of precloacal secretions or L L L
suspension of feces. The source of stimuli had no Own Cosexual Control
effecton TF (F,=1.42, P = 0.27). The interaction Treatment

between factors was significant,(£= 6.50, P = i 2. Mean number of tongue-flicks (SE)

0.01). As shown in Fig. 2, males confronted terformed by males dfiolaemus tenuiso rocks
rocks with stimuli coming from another male had.gyered with dichloromethane extracts of

significantly fewer TF when rocks had precloacalyrgcioacal secretions or suspensions of feces in

secretions than feces (P = 0.02). No differencegistilled water. Treatments were males tested with
were found in TF performed to rocks with differentyocks with their own samples, samples of other

solvents. In addition, males confronted with rocksnales (cosexual), or solvent (control). Test period
with their own stimuli made no distinction be-|asted 10 min. Sample size per treatment = 8.

tween their source. Numero promedio de lamidos EE) realizados por

machos dd.iolaemus tenuis rocas cubiertas con extractos
de secreciones precloacales en diclorometano o en

DISCUSSION suspensiones de fecas en agua destilada. Los tratamientos
fueron machos enfrentados a rocas con sus propias

In squamates, the number of tongue-flicks is COIJ:nuestras, con muestras de otros machos (cosexual), o con
’ solvente (control). El periodo de prueba fue de 10 min.

related with the ability to discriminate a vomodory,mario muestreal por tratamiento = 8.
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had the same TF confronted with cosexua&l. 1999b). The latter results are consistent with
pheromones and with water, suggesting that lizthe lipidic nature of the vast majority of insect
ards are indifferent towards a cosexual (but segheromones (e.g., Mayer & McLaughlin 1991).
Cooper 1998). Recently it was shown that disThe isolation of individual pheromones from a
crimination ability in lizards can be effectively mixture showing pheromonal properties may be
assessed by recording behaviors other than chentiarried out by subjecting the mixture to chemical
cal exploratory ones (Labra & Niemeyer 20891) fractionation (Font 1996, Bull et al. 1999b). The
or by electrophysiological recordings (Pausse atsults of subjecting feces bf tenuisto sequen-
al. 1999). Since in this study we did not includdial solvent extraction did not reveal either the
other types of parameters that may be importamtature or the polarity df. tenuisself-recognition
to detect discrimination, we can not rule out thegheromonegssince none of the fractions produced
possibility that lizards do in fact discriminatedifferential activity between treatments. Addi-
between cosexual and water. Alternatively, it mayionally, there was no difference between TF to-
be hypothesized that there may be constraintsards rocks with own and cosexual feces frac-
(e.g., physiological) to exploration, exceptin situtions. It is unlikely that the separation procedure
ations when males are highly motivated, such asmployed chemically transformed and inactivated
by females during the reproductive season (Labra single pheromone. It is more likely that
& Niemeyer 1999, Labra et al. 2001a). fractionation broke up a complex pheromonal
Many vertebrates use feces as visual and chenmixture into constituents which were not active
cal signals to mark their territories, and someindividually. This is very frequently the case in
times the chemical effectis reinforced using urinéensects, one of the most extensively studied classes
(Alberts 1992b). Lizard feces contain digestiveof organisms in terms of pheromones (Mayer &
and urinary products, and may constitute chemiMcLaughlin 1991).
cal but also visual signals (e.g., Duvall et al. The second source of pheromones tested was
1987, Lopez et al. 1998). However, the experithe secretions of precloacal pores. The number of
ments performed with. tenuiswere designed in these pores varies acrols®laemusspecies (Cei
such way as to avoid feces as visual cues. Thu$986, 1993) and the chemical composition of the
feces were presented as suspensions, and expéipidic fraction of the secretions shows intra and
mental light conditions did not allow UV reflec- interspecific difference (Escobar et al. 2001). In
tion from feces, as has been reported earlie@mphisbaenians the secretion of these pores has a
(Alberts 1989). IfL. tenuisrelies on chemicals in pheromonal property (Cooper et al. 1994), so all
feces to mark territories, pheromones can bghe antecedents suggest that precloacal secretions
spread on the substrate by direct secretion dn Liolaemushave pheromonal function. Indeed,
during defecation. Interestingly, lizards usuallyL. tenuismales discriminate between precloacal
drag their cloaca after defecation (A. Labra unsecretions and solvent. However, males did not
published results). The question whether fecediscriminate between themselves and other males
are also used as visual signals bytenuisre- through precloacal secretions. Therefore, although
mains open. secretions seem to be involved in chemical recog-
The main type of molecules involved in chemi-nition, they not allow males discriminate between
cal communication in squamates is still undethemselves and other males. We propose that
discussion. While Alberts et al. (1993) proposedecretions convey information to males of a “male
that pheromones are proteic in nature on the bagisesence”. Possible, males make a latter finer
of the intraspecific variability in the protein com-recognition through feces. However, considering
position of secretions of femoral glands, whichthat precloacal secretions show intra and
are known to have pheromonal properties (Masomterspecific differences in their chemical com-
1992), other studies have pointed to the lipidiposition (Escobar et al. 2001) it is puzzling why
nature of pheromones in Squamata (e.g., Coopérese secretions do not convey more information
& Garstka 1987, Mason & Gutzke 1990, Bull etto males. Alternative, precloacal secretions may
have evolved to convey information mainly de-
tectable or relevant for females or that they con-

ILABRA A & HM NIEMEYER (2001) Chemosensory vey important information mainly during the
predator discrimination in Liolaemus lizards: effect of a ~ breeding season. Interestingly, during this period
geographical overlap with the predator. In: Apfelbach R, Msecretions are more abundant and colorful (A.
Fendt, S Kramer & BM Siemer (eds) Advances in Ethologyl abra unpublished results). Future research in
36. Supplement of Ethology. Contributions to the XXVII  this area should test if precloacal secretions are
International Ethological Conference. Meeting Tubingen, involved in functions such as female attraction,

Germany: 199. Blackwell Wissenschafts-Verlag, Berlin, . . . . .
Germany. conveying information of male condition/quality
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(e.g., Martin & Lépez 2000). On the other handBULL CM, M DOHERTY, LR SCHUTLE & Y PAMULA
since manyLiolaemus inhabit in sympatry, (1994) Recognition of offspring by females of the
precloacal secretions may convey information Australian skink, Tiliqua rugosa Journal of
about the species, thus acting as reproductivBeULHerpew'(w’y 28: 117-120.

barriers as have been proposed for lizards of the L CM, CL GRIFFIN & GR JOHNSTON (1999a)
prop Olfactory discrimination in scat-piling lizards.

Eumecesgenus (Cooper & Vitt 1986a, 1987a, Behavioral Ecology 10: 136-140.

1987b) and for some mammals (Heth et al. 1999pyLL cMm, CL GRIFFIN & MV PERKINS (1999b) Some
properties of a pheromone allowing individual recog-
nition, from the scats of an Australian lizaggernia
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