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Abstract. The decline of amphibian populations has promoted ex situ conservation actions as one of the tools 
used to address this problem. Environmental enrichment techniques used in combination with the ex situ 
conservation protocols can increase the survival rate and the overall success of reintroduction programs. In 
this study we assessed the preference of post metamorphic Bufo bufo juveniles for seven different shelter types 
and their ecologically relevant characteristics in controlled laboratory conditions. We found that shelters 
commonly used in other studies (e.g. plastic cup, pvc pipe, ceramic clay pipe and clay tile) on frogs and toads 
were not suitable for B. bufo. In our experiment, toadlets presented a higher interest in shelters that provided 
the widest angle of vision, direct contact with moist substrate and green colour.  Our results suggest that 
designing captive enclosures should always consider providing shelters that meet the species-specific 
ecological needs. 
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In the past three decades, declines in amphibian 
populations have been reported from all over the 
world. Reasons for their decline are multiple, in-
cluding infectious diseases (Daszak et al. 2003), 
climate change, over-collection, habitat loss and 
degradation (Stuart et al. 2004, Beebee & Griffiths 
2005) and their synergistic effects (Wake 1998, 
Stuart et al. 2004). It is estimated that almost one-
third of the 7,571 amphibian species are on the 
brink of extinction and represent the forefront of 
the sixth mass extinction (Barnosky et al. 2011, 
Frost 2016). The decline of amphibian populations 
represents a serious challenge for the conservation 
community (Dawson et al. 2015). Through the 
practice of reintroduction (translocation from an-
other wild population or captive breeding and re-
lease), ex situ conservation emerges as an impor-
tant way to address this issue (Gascon et al. 2007, 
Gagliardo et al. 2008). 

Currently there are no established species-
specific husbandry protocols for the large majority 
of amphibian species (Pough 2007). Enclosure de-
sign based on enrichment studies (Michaels et al. 
2014a) may increase the survival rate in captive 
breeding programs. Experimenting with environ-
mental enrichment techniques may help conserva-
tionists understand the characteristics of a good 
quality shelter. Shelter use confers a number of 
advantages to post metamorphic anurans includ-
ing refuge from predators (Schwarzkopf & Alford 

1996, Sih 1997), increased efficiency of prey am-
bush and ecophysiological benefits (e.g. thermo-
regulation and osmoregulation) provided by suit-
able microclimate (Walsh & Downie 2005). Fur-
thermore, the use of shelter can reduce heat (e.g. 
dessication, concentration of electrolytes, Shoe-
maker 1964) and cold-induced physiological stress 
(e.g. immunosuppression, Carey 2001) (Hoffman 
& Katz 1989). These benefits have positive impact 
on the welfare and overall fitness of the animals 
(Michaels et al. 2014a, b). 

In this study we examined the shelter prefer-
ence of the common toad (Bufo bufo, Linnaeus, 
1758) using seven different types of shelter, in 
laboratory conditions. The aim of the study was to 
document optimal shelter characteristics for toad 
husbandry and future enrichment experiments. In 
order to assess the quality of different shelters, we 
selected the most common shelter types used in 
the literature complemented with new types of 
shelters developed in the context of this study. We 
tested for overall preference for the shelters. Also, 
considering the ambush feeding strategy and the 
lack of tracking eye movement in toads (Ewert, 
1980), we tested their preference for the field of 
view that each studied shelter provides (narrow, 
intermediate, wide). Substrate moisture preference 
was also tested, since terrestrial and semi- terres-
trial amphibians absorb water through osmosis 
across their ventral skin through the water 
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Figure 1. Images with the 7 shelter types used in the experiment (from left to right S1-S4 and S5-S7) and image depict-
ing the texturing of side walls of the enclosures (textured side walls). 

 
 

absorption response (Hillyard et al. 1998).  
To perform our study we used the common 

toad (Bufo bufo) as model species. The common 
toad is not currently endangered (IUCN Least 
Concern category) and is not part of any ex situ 
conservation program. However, knowledge of 
their shelter preference in laboratory conditions 
could have implications for captive breeding and 
management programs of species with similar 
ecology. 
 
Field collection and tadpole raising. Two pairs of com-
mon toads were collected from a pond near Căzăneşti 
(Hunedoara County, Romania, Lat: 46◦ 7’ 34.65” N, Long: 
22◦ 30’ 3.54” E). The toads reproduced in captivity and 
were released back into their native environment after-
wards. The two parent toad couples were kept in two 
separate aquariums in 10 cm deep dechlorinated tap wa-
ter. They were not fed until the egg clutches were laid 
and afterwards they were released in the location where 
they were captured. When the metamorphosis of the lar-
vae was completed, five toadlets were randomly selected 
from each spawn and the other toadlets were released. 
The experiment was started with 10 toadlets. 

Holding conditions. When the metamorphosis was 
completed, toadlets were housed communally for one 
month. After this period each toadlet was individually 
separated in experimental enclosures consisting of spe-
cially designed transparent plastic containers (27x17x8 
cm). For the accuracy of the visual function, three side-
walls of these containers were textured with random pat-
terns of yellow, black, green and opaque colours and one 
wall was kept transparent (Ewert 2004) (Fig.1). As sub-
strate we used a washcloth material with good water re-
tention capacity. Water was held in a 55mm Petri dish on 
the left side of the enclosure and the shelter was provided 
on the right side of the enclosure. The room temperature 
was set to 20° C. All containers were held in a 4 x 3 m 
room. Lighting was provided by a (2 x 18 W) fluorescent 
light tube, on a 15 hours light - 9 hours dark cycle. Night 

time observations were made using infra-red light. Each 
container was cleaned once a week and dechlorinated tap 
water was used to maintain the substrate moisture. 

Toads were fed ad libitum on pinhead crickets (Acheta 
domesticus), that were gut-loaded with a mix of cat food, 
laboratory mouse food and fish pellets. Crickets were 
dusted before every feeding with TerraVit powder for 
additional minerals and vitamins.  

Experimental design. The experiment was conducted 
during seven one-week trials. Seven types of shelters 
were provided (Table 1) representing one shelter 
type/week. We tested the most commonly used shelter 
types for frogs and toads in laboratory conditions: pvc 
pipe (S1) (Ewert et al. 2004, Wilson & Krause 2012, Pough 
2007), plastic cup  (S2) (Joke, Raoul, Matthysen, 2012, 
Cramp et al. 2014), ceramic clay pipe (S4) (Ewert et al. 
2004) and clay tile (S5) (Gonzalo et al. 2008); and we also 
used shelter types not mentioned in the literature: artifi-
cial forest plant branch (S3), artificial Ceratophyllum plant 
pile (S7) and potting soil (S6) (Fig. 1.). The pvc pipe and 
the clay pipe were both considered dry shelters because, 
when in shelter, the toadlet would not come in contact 
with the wet washcloth that lined the floor of the enclo-
sure. The other 5 shelter types were considered wet be-
cause, when in shelter the toadlet would come in contact 
with the wet washcloth beneath. When in the pvc pipe 
and ceramic pipe toadlets were considered to have a nar-
row angle of vision, when in the plastic cup an intermedi-
ate angle of vision and when under the clay tile, artificial 
forest plant branch, artificial Ceratophyllum plant pile 
and potting soil, had a wide angle of vision. 
Because during the experiment three toadlets died, only 
the first refuge preference trial was conducted with ten 
toadlets, the next two with eight toadlets and the fol- low-
ing four trials with just seven toadlets. In total we con-
ducted 53 toad-shelter trials.  

With each shelter type, the animals were allowed a 
48 hours acclimatisation period. Toadlets were kept on 
inverted light-dark cycles: from 17-08 light cycle (15 
hours), from 08-17 dark cycle (9 hours). Each individual 
was observed six times (at 09.00, 13.00, 16.00, 18.00, 00.00, 
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Table 1. Shelter types presented in chronological order 
(the succession of shelters tested). 

 

No. Shelter type Code 
1 Black, corrugated, pvc pipe 10cm/25mm,  S1 
2 Green, 1/3 disposable, plastic cup 200ml,  S2 
3 Artificial forest plant branch with 7 leaves, 

Exoterra forest plant 
S3 

4 Clay pipe 10cm/25mm S4 
5 Clay tile 5cm/6cm S5 
6 Potting soil in 200ml disposable cup cut in 

half 
S6 

7 Artificial Ceratophyllum pile, Resun hornworth S7 
 
 

07.00 hours), three times during light periods (18.00, 
00.00, 07.00 hours) and three times during dark periods 
(09.00, 13.00, 16.00 hours), for three days. During each ob-
servation, we recorded the position of the animal accord-
ing to Table 2. 

Data analysis. Individual responses were compared 
to assess patterns of individual preferences for shelters or 
positions in the enclosure. We tested first to see whether 
for each shelter type there were large variations between 
individual responses to avoid bias when testing for over-
all preferences of toads for different shelters. Because we 
found no large variation in the response between indi-
viduals we tested overall preferences of toads for differ-
ent shelters and enclosure use as follows. For each shelter 
we assessed the proportion of observations (time) in 
which the toads were using it (position 1 – Table 2), i.e. 
the number of times they were observed in shelters di-
vided by the total number of observations. We averaged 
the proportions over all individuals, to obtain an average 
proportion of time spent in shelter for each trial. We 
compared distributions of proportions of time spent by 
toads in the seven types of shelter tested with the non-
parametric Kruskal-Wallis test followed by Mann-
Whitney pairwise comparisons, because data was not 
normally distributed. In order to check whether there is a 
relationship between distance from shelter and time spent 
in different positions (Table 2), in different shelter types, 
we analysed the data with the help of Spearman rank cor-
relation. First, analyses were performed on all positions 
and then positions were removed, keeping for further 
analysis always the highest value of Rho. To check 
whether the angle of vision and substrate moisture influ-
ence shelter use we attributed to each of the two variables 
a rank: angle of vision: narrow = 1, intermediate = 2, wide 
= 3, moisture: dry = 1, wet = 2. Subsequently we com-
pared proportion of time toads were observed in wide 
versus intermediate and narrow angle of vision (when in 
shelter), and moist versus dry shelters respectively. Non-
parametric methods (i.e. Mann-Whitney U-test, Kruskal-
Wallis) were used for the comparisons, due to the not-
normal distribution of data and small sample sizes. Using 
the same nonparametric methods, we tested if there are 
differences in shelter use be- tween diurnal and nocturnal 
conditions.  

Data was analysed with the program Past 2.09 
(Hammer et al. 2001). 

Table 2. Position codes. 
 

code Position related to the shelter 
1 In shelter 
2 Close to shelter, maximally one body length away 
3 In the shelter half of the enclosure, excluding posi-

tion 2 
4 In the half of the enclosure without shelter 

5 In water 
 
 

We found no differences between individual re-
sponses to each shelter type (data not shown). 

All toads showed a preference for the artificial 
forest plant branch (S3) and artificial Ceratophyllum 
pile (S7). More than 80% of times they were spot-
ted inside these two shelters. Shelter use response 
(proportion of time observed in the first position 
of five possibilities) pooled over all individuals 
was significantly different in different shelter 
types (Kruskal-Wallis test, Hc=33.60, p=0.001). 
Mann-Whitney pairwise comparisons showed that 
preference for artificial forest plant branch (S3) 
was significantly different than for black pipe (S1) 
(Bonferroni corrected p = 0.01), clay tile (S5) (Bon-
ferroni corrected p = 0.047) and potting soil (S6) 
(Bonferroni corrected p = 0.039) (Fig. 2). Preference 
for artificial Ceratophyllum pile (S7) differed sig-
nificantly from that for black pipe (S1) (Bonferroni 
corrected p = 0.027). 

When considering the distance from the shel-
ter and the time spent by toads in the respective 
positions, we found a strong negative relationship 
(i.e. less time spent in positions further from the 
shelter) only in the situations where shelters were 
preferred (S3 and S7 – Table 3 marked with ‘*’). 
Other situations showed a similar negative rela-
tionship only after removing from the analysis the 
1st position (in shelter) (Table 3 marked with '**'). 
We found that toads spent a significantly different 
proportion of time in shelters that offered a wider 
angle of view compared to those with intermedi-
ate and narrow angles (Kruskal-Wallis test: Hc = 
13.41, p = 0.001, Bonferroni corrected Mann-
Whitney pairwise comparisons: wide vs. interme-
diate p = 0.011, wide vs. narrow p = 0.003) (Fig. 3.). 

Toads spent significantly different amounts of 
time in shelters with substrate moisture than in 
dry ones (Mann -Whitney U-test: N moist = 8, N 
dry = 10, z = -2.713, Ub = 9, p = 0.007, fig. 4).  

Shelter use did not differ significantly between 
day and night in any shelter type used (Mann – 
Whitney U-test: N day = 8, N night = 8, Median 
day = 0.889, Median night = 0.944, z = -0.479, Ub =  
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Table 3. Results of the correlation analysis between position (distance from shelter) and proportion of time 
spent in the different shelter types. 

 

Type of  
shelter (code) 

Correlation analysis: position (distance from  
shelter) vs. proportion of time spent Rho p 

S1 all positions included -0.380 0.016 
 position 1 removed** -0.759 0.001 
 positions 1 and 5 removed -0.710 0.001 
  positions 1, 3 and 5 removed -0.707 0.005 
S2 all positions included -0.380 0.014 
 position 2 removed -0.557 0.001 
 positions 1 and 2 removed -0.804 0.001 
  positions 1, 2 and 4 removed -0.907 0.001 
S3 all positions included* -0.734 0.001 
 position 4 removed -0.828 0.001 
 positions 3 and 4 removed -0.894 0.001 
  positions 2, 3 and 4 removed -0.907 0.001 
S4 all positions included -0.421 0.012 
 position 1 removed** -0.731 0.001 
 positions 1 and 3 removed -0.804 0.001 
  positions 1, 3 and 4 removed -0.928 0.001 
S5 all positions included -0.456 0.006 
 position 1 removed** -0.950 0.001 
 positions 1 and 4 removed -0.955 0.001 
  positions 1, 2 (3) and 4 removed -0.933 0.001 
S6 all positions included -0.167 0.339 
 position 1 removed** -0.671 0.001 
 positions 1 and 2 removed -0.789 0.001 
  positions 1, 2 and 4 removed -0.928 0.001 
S7 all positions included* -0.799 0.001 
 position 3 removed -0.849 0.001 
 positions 3 and 4 (5) removed -0.894 0.001 
  positions 2, 3 and 4 removed -0.932 0.001 

 

*Expected relationship between distance and time spent in shelter – for preferred shelters. 
**Expected relationship between distance and time spent in shelter after removing first position. 

 
 

 
 

Figure 2. Comparisons between proportions of time the 
different shelter types were used by all toads. Box 
plots represent 25-75 percent quartiles (boxes), me-
dian (line inside the box) and minimal and maximal 
values (whiskers). Circles represent outliers. Legend: 
S1 = black pvc pipe, S2 = green plastic cup, S3 = artifi-
cial forest plant branch, S4 = clay pipe, S5 = clay tile, 
S6 = potting soil, S7 = artificial Ceratophyllum plant. 

27, p = 0.632). 
 
The aim of this study was to determine the shelter 
preference of B. bufo toadlets in laboratory condi-
tions. Our results show that toads prefer shelters 
that mimic natural conditions, artificial forest 
plant branch (S3) and artificial Ceratophyllum pile 
(S7) (Fig. 1, 2). None of these shelter types were 
previously mentioned in the literature for other 
frog and toad species. In the wild, B. bufo occurs in 
areas with multiple refuge options. Angle of vi-
sion and substrate moisture play important roles 
in the choice of a shelter.  

Toads seem to have good depth and colour 
perception adapted to vision under conditions of 
dim light (Stebbins & Cohen 1997). As we hy-
pothesized, angle of vision seems to be important 
for the toadlets’ ambush feeding strategy and the 
lack of tracking eye movement (Ewert 1980). A 
wide angle of vision also provides more efficient  
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Figure 3. Average proportion of time (Median wide = 
0.479, Median intermediate = 0.056, Median narrow = 
0.056) spent by toads in wide angle, intermediate an-
gle and narrow angle of vision shelters. Box plots rep-
resent 25-75 percent quartiles (boxes), median (line in-
side the box), minimal and maximal values (whiskers) 
and dots represent outliers. Circles represent outliers. 

 
 

 
 

Figure 4. Average proportion of time (Median moist = 
0.395, Median dry = 0.084) spent by toads in moist 
and dry shelters. Box plots represent 25-75 percent 
quartiles (boxes), median (line inside the box), mini-
mal and maximal values (whiskers) and dots repre-
sent outliers. Circles represent outliers.  

 

 
foraging possibilities with minimal effort; there-
fore activity levels were low when preferred shel-
ters were used. 

The humidity benefits of a good shelter were 
previously mentioned for terrestrial amphibians, 
(Hillyard et al. 1998), but for toadlets this could be 
especially important because of their higher sur-
face/volume ratio (Walsh & Downie 2005). Fur-
thermore, we observed during the experiment that 

colour of shelters might play an important role in 
shelter choice. However, since our experiment did 
not consider this factor from the beginning, we 
cannot prove it by statistical analysis. 

The results of the correlation analysis show a 
strong negative correlation between distance to 
shelter and time spent by B. bufo toadlets in the 
case of preferred shelters. The toadlets seem to 
choose to hide in shelters in order to minimize ex-
posure and the process is enhanced when pre-
ferred refuge is available. However, when shelter 
quality was low, toadlets tend to spend more time 
in the open. The choice of B. bufo to use a certain 
type of refuge, when available, suggest that ani-
mals provisioned with this type of shelter may ex-
perience less stress, so this form of environmental 
enrichment is to be encouraged. 

Field studies suggested that small, just meta-
morphed toads are diurnal, unlike adults which 
are nocturnal (Eibl-Eibesfeldt 1967, Taigen & 
Pough 1981). In this experiment however, we 
found no differences between the patterns of shel-
ter use during dark and light periods. When a 
shelter type was accepted and used, the toadlets 
spent more than 80% of their time inside. This 
suggests that shelter might be especially important 
in this life stage for B. bufo.  

Overall, the results of this experiment show 
that designing capture enclosures with good qual-
ity shelters is particularly important for B. bufo in 
laboratory conditions, especially in its early life 
stages and may influence the long-term fitness of 
captive populations and the chances of success in 
the case of reintroduction attempts. We emphasise 
the need for using shelters which mimic as much 
as possible the natural conditions. Our findings 
might be applicable as starting protocols for cap-
tive breeding of other toad species with similar 
ecology until more species-specific data is avail-
able. 
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