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Predator, but not conspecific, chemical cues
influence pond selection by recently
metamorphosed Iberian green frogs, Rana perezi

Adega Gonzalo, Carlos Cabido, Pedro Galan, Pilar Lopez, and José Martin

Abstract: In amphibians, adults and larvae have different ecological requirements that could force recently metamor-
phosed individuals to disperse. The presence of chemical cues of conspecifics and predators could provide information
about habitat quality, which might influence the juveniles’ settlement decisions. We examined in the laboratory whether
pond choice by recently metamorphosed Iberian green figgsa(perezi Seoane, 1885) is influenced by the presence of
chemical cues from conspecifics and (or) from predators in the water. Our results suggest that frogs were able to detect
the presence of chemical cues of snake predators in the water and that they avoided entering such ponds. However, frogs
did not show either attraction or avoidance of ponds with conspecific chemical cues. Thus, juvenile frogs may select their
postmetamorphic territories based on the lack of predation risk, and possibly on some habitat features, but not on the pres-
ence of conspecifics.

Résume: Chez les amphibiens, les adultes et les larves ont des besmilugjigues diffeents, ce qui peut forcer les indi-
vidus nouvellement mamorphoss ase disperser. La psence de signaux chimiquémis par des individus de mee es-
péce ou par des pdateurs fournissent pedtre des renseignements sur la quatiess habitats, ce qui peut influencer les
decisions des jeunes concernant le choix de leur siteatlessement. Nous avons examige laboratoire si le choix d’'un
étang par des grenouilles déree (Rana perezi Seoane, 1885) cemment m@morphoses est influencear la pfesence
dans I'eau de signaux chimiques provenant d’individus denenespee et (ou) de prdateurs. Nos sultats indiquent que
les grenouilles sont capables daeter la preence de signaux chimiques de couleuvrésigrices dans I'eau diang et
gu'ils évitent d'aller dans de telstangs. Cependant, les grenouilles ne montrent ni attraityitéraent des ®ngs qui con-
tiennent des signaux chimiques d'individus démeeespee. Les jeunes grenouilles choisissent donc, peet-tes terri-
toires qu'’ils habiteront apsela meamorphose en se fiantlabsence de risque de ation et possiblement aussi d'apre
certaines caractistiqgues de I'habitat, mais non d’agréa presence d'individus de fimee espee.

[Traduit par la Rdaction]

Introduction In selecting a good home range where to establish, a dis-
persing individual has to consider such factors as tempera-
In amphibians, Changes in life Sty|e are especia”y obdure and humidity, as well as the presence of conspecifics
vious in the transition from aquatic larvae to terrestrialOf predators (Stamps and Tanaka 1981; Clobert et al. 2001).
postmetamorphic and adult stages (Duellman and TrueBome amphibians may detect conspecific chemical cues
1986). Adults and larvae often have different ecological re{e.g., Jaeger et al. 1986; Araget al. 2000; Waldman and
quirements that could force recently metamorphosed indiBishop 2004). Conspecific cues could provide information
viduals to disperse when they complete their growth agbout habitat quality, because they may reflect the presence
larvae. During the transient phase of dispersal, selection d¥f food, appropiate environmental conditions, and low pre-
an appropriate future home range is very important (Clodation risk (Woody and Mathis 1997). Individuals may,
bert et al. 2001). In amphibians, the dispersal distance i§1en, settle in clusters because they are attracted to conspe-
generally small and juveniles may occupy home ranges ififics, rather than to habitat features (Stamps 1988; Graves
vacant spots among adults or in peripheral locations (Zu@t al. 1993; Muller et al. 1997; Quinn and Graves 1999).
et al. 2001). Thus, recently metamorphosed juveniles magi_evertheless, the presence of conspecifics might not be de-
need to search for potential home ranges in peripheral Iosirable, as it may increase competition for food or potential
cations, which require an evaluation of habitat quality andmates (Griffiths et al. 1991).
predation risk at these locations. Additionally, the detection of predators is important. Prey
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often respond to the threat of predation by decreasing th25 cmx 13 cm) containing sawdust and tree barks for cover
frequency or efficiency of behaviour associated with otherand a pond with water. The caged snhakes were placed in
activities (Lima and Dill 1990). Minimizing the negative ef- rooms separate from the frogs to avoid contact with the
fects of such trade-offs requires prey to discriminate threascent and visual stimuli from the frogs. The snhakes were
levels and to adjust their behaviour accordingly. Animalscaptive for 2 weeks and were fed small pieces of commer-
that fail to respond appropriately to predator stimuli have ecial freshwater fishes obtained from a fish market. Frogs
decreased probability of survival. In aquatic vertebrateswere not fed to the snakes to avoid the potential effect of
both visual cues (Karplus and Algom 1981) and chemicakhe test frogs responding to alarm cues from conspecifics
cues (Chivers and Smith 1993) may be important for predarather than to the chemical cues from the snakes alone
tor recognition. However, chemical detection of predators i{Chivers and Mirza 2001). All animals appeared healthy
clearly advantageous to prey when the use of other sensoduring the trials and were returned to their exact capture
mechanisms is made difficult by environmental characterissites at the end of trials.
tics such as turbid water or abundant vegetation (Kats and
Dill 1998). Whereas many frog tadpoles detect predators usExperimental procedure
ing chemical cues, from predators or conspecific alarm cues We conducted the experiments in glass terraria (50xcm
(Kats and Dill 1998), adult frogs mainly use vision and 40 cm x 50 cm). Two plastic rectangular trays (18 cm
hearing to detect predators, which could be advantageoum cmx 2 cm) filled with water were placed at the opposite
when a terrestrial predator approaches. However, many frogsnds of the terrarium. A plate (14 cm40 cm) of Porespan
escape predators by jumping into the water (Williams et alwas placed between the two trays to simulate two ponds
2000). Thus, the ability of tadpoles to detect chemical cueseparated by a central dry area.
from predators could be advantageous, especially when as- e planned a repeated-measures design where each frog
sessing a potential habitat. Many studies have tested thgas tested in each of three treatments in a randomized se-
mechanisms of predator chemical detection in amphibiauence, but participated in only one test per day. In the
larvae (e.g., Petranka et al. 1987; Manteifel 1995; Griffiths«control” treatment, the two ponds were filled with “clean”
et al. 1998; Petranka and Hayes 1998; see review in Katgater from a nearby mountain stream that contained neither
and Dill 1998). However, only a few studies have examinedfrogs nor snakes. In the “conspecific” treatment, we used
the prevalence of this mechanism in metamorphosed froggiean water in one pond and water conditioned with conspe-
or toads (Heinen 1994; Flowers and Graves 1997; Schleyific chemical stimuli in the other pond to test for attraction
and Griffiths 1998; Belden et al. 2000; Chivers et al. 2001)0r avoidance to Conspeciﬁc cues. In the “snake predator"
In this paper, we examined in the laboratory whethertreatment, we used clean water in one pond and water con-
pond choice by recently metamorphosed Iberian green frogditioned with viperine snake chemical stimuli in the other
(Rana perez Seoane, 1885) is influenced by the presencepond to test for possible recognition and avoidance of water
of chemical cues from conspecifics and (or) from predatorsised by potential predators. We randomly altered the spatial
in the water. We hypothesized that if frogs are attracted tgosition of the ponds in each trial. Water conditioned with
territories near conspecifics, then they should select pond$e conspecific chemical stimuli was taken from the aquaria
containing conspecific cues and avoid ponds containinghat housed the groups of frogs for at least 3 days. Water

predator cues. conditioned with the snake chemical stimuli was prepared
by placing the snakes in aquaria with clean water for 48 h,
Methods after which 200 mL of the conditioned water was used to fill
each pond for the respective choice tests 15 min prior to the
Study animals start of each test.

During August 2003, we collected 20 recently metamor- Tests were conducted between the hours of 1100 and
phosed Iberian green frogs (snout-vent length 20.7 #1300, when frogs were fully active. We gently placed a sin-
0.2 mm, mean + SE) at several small ponds in Collado Megle juvenile frog covered with a small glass cage in the
diano (Madrid, central Spain). Frogs in this habitat had thecentre of experimental aquarium and waited 5 min for habit-
opportunity of choosing from among small nearby pondsuation. Each test began when we lifted the cage to release
with abundant aquatic vegetation. Frogs were maintainethe frog. We subsequently stood as motionless as possible
under two experimental conditions at the “El Ventorrillo” to record the frog’s behavior from a hidden point 4 m away
field station (5 km from the capture site). Twelve frogs from the aquarium. Preliminary trials showed that frog be-
were housed individually in aquaria (18 cm 25 cm x havior did not differ between situations when there was a
10 cm), with water at ambient temperature and under a naiotionless observer present in the room and those filmed
ural photoperiod. The other eight frogs were kept in groupswith video without any observer present in the room. Typi-
in two aquaria (20 cnx 20 cmx 15 cm), to be used as con- cally, frogs stayed for a few minutes in the middle of the
specific scent donors. We fed frogs tenebfTerebrio moli-  aquarium before jumping into the water of one pond, and
tor L., 1758) larvae twice a week. occasionally they would changed from one pond to the

We also captured in nearby larger ponds two viperineother.
snakes,Natrix maura (L., 1758), to be used as predator We recorded the location of the frog every 5 min, the first
scent donorsNatrix maura is predominantly aquatic and pond selected, and the number of times that the frog
feeds mainly on insects, amphibians (both larvae and¢hanged between ponds. A frog was designated as having
adults), and fishes (Haley and Davies 1986; Brai®98). chosen a specific pond if it was located in that pond,
The snakes were housed individually in cages (36 xm whereas a frog was designated as having made no choice if
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it was located out of the water. We also recorded the “total

time” that the frog spent in each pond and calculated the

“relative time” spent in each pond as the time spent in a

particular pond/total time spent in any pond. Each trial

lasted 2 h, after which the aquarium, the trays, and the Pore-
span were carefully washed with unscented detergent and
drained to avoid odour contamination.

A frog's preferred pond was the one in which it spent
>50% of its time (excluding the time spent in the no-choice
area). To assess whether frogs chose one of the ponds, we
calculated the number of frogs that spent >50% of their
time in a particular stimulus pond and compared it with an
expected binomial distribution, assuming frequencies to be
equiprobable on each pond (for a similar procedure see
Chivers et al. 1997 and Aragoet al. 2000). To compare
the total time and relative time spent in the pond with chem-
ical cues, and the number of changes between ponds across
treatments, we used nonparametric Friedman’s two-way AN-
OVAs. To include the control (no cue) treatment in these
analyses, we used the time spent in one of the two ponds
with clean water selected at random. Pairwise comparisons
of means were conducted using nonparametric multiple
comparison procedures described in Sokal and Rohlf (1995).

Results

In their first choice, frogs did not significantly select any
pond in any of the treatments; based on the null hypothesis
that the likelihood of entering one pond was equal for any of
the ponds (clean water or water with chemical cues), the
probability that one type of pond was chosen first was not
significantly different from the expected in any of the three
treatments (two-tailed binomial tests; clean water/control (no
cue): 5/7,P = 0.77; clean water/conspecific cue: 418,=
0.39; clean water/predator cue: 7Bz 0.77).

Total time spent in the pond containing the water condi-
tioned with chemical cues differed significantly between
treatments (Friedman's ANOVAY}, ,, = 9.30, P < 0.01;
Table 1). Thus, frogs spent significantly less time in the
pond with chemical cues in the predator treatment than in
the other treatments (nonparametric multiple comparisons,
P < 0.02 in both cases), but there were no significant differ-
ences between the conspecifics and the control treatments
(P = 0.18). Similarly, relative time spent in the pond con-
taining water conditioned with chemical cues differed signif-
icantly between treatments (Friedman's ANOVA, ,, =
13.31,P < 0.002; Table 1). Thus, frogs spent significantly
relatively less time in the pond with scent in the predator
treatment than in the other treatments (honparametric multi-
ple comparisonsP < 0.02 in both cases), but there were no
significant differences between the conspecifics and the con-
trol treatments P = 0.48). The number of changes between
ponds did not differ significantly among treatments (Fried-
man’s ANOVA, X[22,12] = 3.80,P = 0.15; Table 1).

When we estimated the pond selected by frogs from the
proportion of time spent in each pond, frogs in the control
and conspecific treatments did not significantly select any
pond (Table 1). However, in the predator treatment, frogs
clearly avoided ponds containing water conditioned with vi-
perine snake chemical cues. Similar results were noted when

Table 1. Summary statistics of total and relative times spent by recently metamorphosed greeRdraggerez, in ponds containing water from the three treatments (control, snake

predator, conspecific).

Number of changes between ponds

Relative time (%)
Mean + 1 SD (range)

Total time (min)

Median

Scent/clean* Pt

6/6

Median

Mean + 1 SE (range)

Scent/clean*P’
6/6

Median

50
35

Mean + 1 SE (range)

5446 (25-100)

Treatment
No cue

2.0

3.1+0.7 (1-7)

1

41

4515 (20-83)

1

3.5
15

3.3+0.6 (0-6)
1.9+0.4 (0-5)

0.006

1/11
6/6

29
50

25+4 (0-54)

0.006
0.

1/11

3045 (0-65)

Predator cue

5246 (12-95)

77

7/5
*Ratio of the number of frogs that spent >50% of their time in each pond containing water conditioned with either predator or conspecific chemitiabseés ponds containing clean (no cue) water.

62+8 (15-115)
fCalculated from binomial tests.

Conspecific cue
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we considered the relative time spent in each pond to asse§sir results suggest that recently metamorphosed Iberian
which pond was chosen (Table 1). green frogs do not show attraction or avoidance to ponds
with conspecific chemical cues. Thus, Iberian green frogs
do not appear to be able to detect chemical cues of conspe-
cifics. However, it is possible that the frogs could detect
Our results suggest that recently metamorphosed Iberiagonspecifics and be attracted to low densities of conspe-
green frogs were able to detect the presence of chemicalfics, but not to high densities of conspecifics (as might be
cues from snake predators in the water and that they left thihe case for water with concentrated chemical cues from the
pond as soon as they detected the predator cues. Visual cusall aquaria containing the four conspecifics used as do-
are important in eliciting an antipredator response in anurangors in our experiment), because competition may be too
(e.g., Williams et al. 2000), but the use of more than onenigh. If this was the case, then it is possible that the lack of
sensory stimulus could be advantageous in habitat selectioa. response to conspecific cues might be a density issue. Al-
The detection of chemical cues may inform the prey animaternatively, the presence of conspecifics may not be impor-
about the continuous presence of a predator in a certain argant when selecting a pond. Food could be available to all
even if it is hidden (Kats and Dill 1998), whereas visualindividuals in all ponds and not be a restricted factor for ju-
cues only inform the prey animal about the current presenceeniles, or not be as important as other factors. Adult male
of the predator. Thus, when frogs select a pond, the comtberian green frogs defend small territories against other
bined use of visual and chemical detections could be morenales, but only during the mating season (Schneider and
advantageous than the use of visual cues alone. AlthougBteinwarz 1990). Also, because this frog occurs in relatively
visual detection could be useful in avoiding active foragingdense populations, the localization of ponds with low popu-
predators, chemical cues are more useful in detecting amation densities of conspecifics might be difficult.
bush predat_ors, espema_lly in complex habitats where visual \ye conclude that postmetamorphic Iberian green frogs
detection might be restricted (Van Damme et al. 1995; Maxgeemed to select ponds based on the potential threat of pre-

this and Vincent 2000). Thus, chemical cues could be esp&ation by water snakes, whereas conspecific cues did not
cially important in the detection of viperine snakes becausgqem to influence their decisions.

these snakes typically remain hidden in aquatic vegetation
while ambushing frogs (Haley and Davies 1986). Acknowledgements
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