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Abstract
The worldwide amphibian diversity is severely threatened, mainly due to deforestation. Lack of sufficient 
knowledge for species conservation is common.  This is the first detailed study of the poison dart frog 
Excidobates mysteriosus including habitat requirements, occupancy patterns and behaviours. It is known 
only  from one  location  in  north-western  Peru,  living  in  Bromeliaceae  plant  species.  The  frogs  and 
tadpoles were  found in two unidentified Bromeliaceae species;  Bromeliad Species 1 and Bromeliad 
Species 2. Bromeliad quality variables were evaluated for habitat requirements, behavioural recordings 
were  performed  ad  libitum  and  catching-and-release  with  photographing of  frogs  for  monitoring 
dispersals.  Results  show  that  for  Bromeliad  Species  1  significantly  more  frogs  were  present  in 
bromeliads that were wider, received less sun exposure, had deeper water cavities and in bromeliads 
growing on lower altitudes. For Bromeliad Species 2 deeper water cavities had a significant effect on 
presence of frogs. In both bromeliad species higher presence of tadpoles were found in plants that were 
wider  and  had  deeper  water  cavities.  The  density  of  bromeliads  had  no  effect  on  frog  or  tadpole 
occupancy  for  neither  bromeliad  species.  The  dispersal,  feeding  and  tadpole  release  behaviours  are 
reported. Individual frogs were found to disperse 0-113m. The total number of encountered frogs was 
1006 and 86  tadpoles,  most  of  them found in  three  core  areas.  These  areas  should  be  targeted  for 
conservation management and monitoring, diminishing the high deforestation pressure which saves old-
growth forests and thereby as well the preferred wider bromeliads containing deeper water cavities and 
the biggest frog populations. 
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1 Abstract
The worldwide amphibian diversity is severely threatened, mainly due to deforestation. Lack 
of sufficient knowledge for species conservation is common. This is the first detailed study of 
the  poison  dart  frog  Excidobates mysteriosus including  habitat  requirements,  occupancy 
patterns and behaviours. It is known only from one location in north-western Peru, living in 
Bromeliaceae  plant  species.  The  frogs  and  tadpoles  were  found  in  two  unidentified 
Bromeliaceae  species;  Bromeliad  Species  1  and  Bromeliad  Species  2.  Bromeliad  quality 
variables were evaluated for habitat requirements, behavioural recordings were performed ad 
libitum  and  catching-and-release  with  photographing of  frogs  for  monitoring  dispersals. 
Results  show  that  for  Bromeliad  Species  1  significantly  more  frogs  were  present  in 
bromeliads  that  were wider,  received less sun exposure,  had deeper  water cavities  and in 
bromeliads growing on lower altitudes. For Bromeliad Species 2 deeper water cavities had a 
significant effect on presence of frogs. In both bromeliad species higher presence of tadpoles 
were found in plants that were wider and had deeper water cavities. The density of bromeliads 
had no effect  on frog or  tadpole  occupancy for  neither  bromeliad  species.  The dispersal, 
feeding and tadpole release behaviours are reported. Individual frogs were found to disperse 
0-113m. The total  number of encountered frogs was 1006 and 86 tadpoles,  most of them 
found in three core areas. These areas should be targeted for conservation management and 
monitoring, diminishing the high deforestation pressure which saves old-growth forests and 
thereby  as  well  the  preferred  wider  bromeliads  containing  deeper  water  cavities  and  the 
biggest frog populations. 

Keywords:  behaviour,  bromeliads,  conservation,  Dendrobates,  dispersal,  Excidobates, 
mysteriosus, Peru

2 Introduction
Like most terrestrial elements of biodiversity, amphibian diversity is severely threatened (Sala 
et al. 2000), and the mountain regions have been especially hard hit (Young et al. 2001). The 
threats to the amphibians are various; deforestation, fertilisers, pesticides, acid precipitation, 
low  pH,  increased  UV  radiation,  emerging  diseases,  introduced  species,  climate  change, 
chytrid fungus (Batrachochytrium dendrobatidis), hybridization, human predation etc. (e.g. 
Duellman 1999 cited by Galindo-Leal et al. 2003; Beebee & Griffiths 2005). A global decline 
in amphibians was first recognized in 1989 (e.g. Vitt et al. 1990; Wake 1991) and the situation 
has not improved since then. In the end of the year 1998, 124 species of amphibians were 
categorized as threatened; in 2010 the number had increased more than 15 times to 1898 
threatened species (IUCN 2010a). This is 29 % of the total  number of amphibian species 
described in the IUCN Red List (IUCN 2010a), more than any other category of animals.
   Latin America harbours a highly diverse amphibian fauna representing half of the world’s 
total  species richness (Duellman 1999 cited by Galindo-Leal  et  al.  2003).  The amphibian 
declines are widespread throughout this area (Young et al. 2001). Peru harbour more than 500 
species of amphibians and is regarded as a mega-diverse country (von May et al. 2008). 
   One of the 70 threatened and endemic amphibian species (IUCN 2010b) in Peru is the 
poison dart frog Excidobates mysteriosus (Marañón Poison Frog). The species is classified as 
endangered (EN) and the population trend is assessed to be decreasing (Icochea et al. 2010). 
The frogs are only known from a single location in the vicinity of the village Santa Rosa at 
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the foothills of Cordillera del Cóndor (Cajamarca Department), north-western Peru, at around 
1000 meters above sea level (m.a.s.l.) (Icochea et al. 2010).
   The knowledge about the frog species is scarce. Twomey and Brown (2008) performed a 
study on  E. mysteriosus and used 13 presence points for a niche model, ending up with a 
possible distribution between 200-1500 m.a.s.l. They concluded that the species is terrestrial 
or scansorial and diurnal. Lötters et al. (2007) (cited by Twomey & Brown 2008) reported the 
clutch  size  to  be  8-13  eggs,  which  develops  into  free  swimming  tadpoles  that  finally 
metamorphs into frogs. The only published note on behaviour found is from Twomey and 
Brown (2008) which wrote that the frogs are hesitant to jump and tend to “walk” instead. 

   One of the key aspects of frog ecology is the breeding behaviour. E. mysteriosus is said to 
use Bromeliaceae plant species for breeding similar to other neotropical  poison dart frogs 
from the family Dendrobatidae. Many species use the small pools of water that accumulate for 
longer  periods  in  plant  parts  in  plants  from  the  families  Bromeliaceae;  Aechmea and 
Sarraceniaceae (Walls  1994; Dejean et al.  1995; Dejean & Olmsted 1997). Mature plants 
have four types of cavities, where the most crucial cavities are the interfoliar cavities that are 
deep and narrow and accumulate rainwater, which remains well into the dry season because of 
low evaporation (Galindo-Leal et al. 2003). The tadpoles may grow and metamorph at the 
place of oviposition or being transported by adults to water pools (Wells 2007; Weygoldt 
1980). 
The utilization  rate  of  individual  bromeliads  may be  affected  by different  habitat  factors 
(quality  variables).  Zotz  and  Thomas  (1999)  found  that  frogs  were  disproportionately 
encountered  in  large  bromeliads.  A  study  on  the  poison  dart  frog  Dendrobates pumilio 
showed that increasing bromeliad density also increased the presence of adult frogs leading to 
more breeding, resulting in a higher presence of juveniles (Donnell 1989). In a study by de 
Silva et al. (2011) they found a bromeliad usage pattern, where higher presence of anuran 
frogs were found on bromeliads with higher sun exposure than on those who had lower sun 
exposure. No detailed studies have been performed on the behaviour including breeding or 
habitat  utilization of  E. mysteriosus. Crucial information for conservation of the species is 
therefore lacking. 

   The main aims of this paper were to study the basic ecology of E. mysteriosus, including 
habitat  requirements,  occupancy  patterns,  individual  frog  dispersal,  feeding  and  tadpole 
release behaviours. This knowledge should facilitate efforts to preserve the species, including 
the development of guidelines for managing sites where it occurs.

3 Materials and methods

3.1 Study area
The study was conducted during the dry season, between 14th  of June and 10th  of November 
2010,  in  the vicinity  of  the  village  Santa  Rosa in  the southern  end of  the Cordillera  del 
Condor, northwestern Peru. The area is dominated by grazing grounds, coffee and banana 
plantations  followed  by  agricultural  fields  for  diverse  crops  (maize,  cereals,  root  crops) 
leaving small areas with remnant forests. Rock walls are common elements in the landscape 
mosaic. Both remnant forests and rock walls are threatened by uncontrolled slash and burn 
agriculture, as well as the increasing deforestation. None of the areas are close to (<500m) 
running or  standing water  (bigger  than  the  water  cavities  represented  in  the  bromeliads), 
making the frogs strongly connected to the bromeliads for survival. 
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Around Santa Rosa there are six well known areas where E. mysteriosus (Fig.1) are or have 
been present in the recent years. These sites will be referred to as area A, B, C, D, E and F 
(Table 1) and are located between 1000-1600 m.a.s.l. The areas consist of remnant forests or 
rock walls with a presence of Bromeliaceae plant species. 

Figure 1. The studied species Excidobates mysteriosus, left: adult with tadpoles on its back,  
center: juvenile and adult, right: juvenile. 

Table 1
All investigated areas, possibly containing Excidobates mysteriosus with descriptive  
parameters. 

Area Size (ha) Vegetation Unidentified 
Bromeliad Species

Masl 
(mean)

Protected
 Reserve

A-area 9 Rock Wall, Remnant Forest 1, 2 1222 Yes
B-area 2.5 Remnant Forest 1 1010 No
C-area 1 Rock Wall 1 1320 Yes
D-area 3 Remnant Forest 1, 2 1000 No
E-area 8 Rock Wall 1 1627 Yes 
F-area 2 Rock Wall 1 1302 No

   The frogs were present in two different Bromeliaceae species, both still unidentified. The 
first species, named Bromeliad Species 1 had a mean width of 72 cm (range 25-187 cm) and a 
mean height of 42 cm (range 10-89 cm) (Fig.2). The Bromeliad Species 1 were recognized by 
their red and green coloured and wider leaves, compared to the Bromeliad Species 2, which 
was the second species (Fig.3). The Bromeliad Species 2 had a mean width of 142 cm (range 
50-280 cm) and a mean height of 85 cm (range 30-150 cm). This species had thin, long and 
green leaves with white stripes on the leaves’ undersides. 

Figure 2. Unidentified Bromeliad Species 1           Figure 3. Unidentified Bromeliad Species 2
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3.2 Occupancy of tadpoles, juvenile and adult frogs
To estimate the occupancy of tadpoles, juvenile and adult frogs, randomly selected bromeliad 
specimens with a minimum distance of 10 m from each other were checked in each site. Pellet 
and  Schmidt  (2005)  showed  that  multiple  (up  to  six)  visits  to  each  site  were  needed  to 
establish presence or absence for all of the four amphibian species investigated, with 95 % 
confidence. Therefore, six visits were set as the minimum limit of visiting times to get a good 
estimation of the occupancy of each bromeliad.  The presence was then determined to the 
different  recordings of presence (for adults,  juveniles and tadpoles together):  presence ≥1 
time,  presence  ≥3  times  and  presence  all  6  times.  Additionally  recordings  of  lifestages: 
tadpole presence, juvenile presence and adult presence. The order of visits to each bromeliad 
was randomized. The visiting to bromeliads were performed during hours 05:00 am - 07:00 
pm. Every individual bromeliad measured was marked with an individual ID number, by a 
permanent marker pen at first visit, to be recognized for the coming five visits. At all visits the 
bromeliads were searched for tadpoles, juveniles and adults. All encountered frogs that were 
inside or <20 cm outside the bromeliads were directly related to the individually measured 
bromeliad. 
   In search for adult and juvenile frogs, firstly the bromeliad was only observed for detection; 
secondly all leaves of the bromeliad were searched through. The search for tadpoles during 
the day was done using only the sun light,  or in darker weather  conditions  as well  as at 
morning or night  with a special handmade LED-lamp in the water cavities. Every cavity of 
water that was reachable was searched through. 
   The frogs were counted, captured, photographed and measured on the snout-vent length 
(SVL) and on the width in the widest part during resting position, to nearest millimeter. For 
all areas this was done only during the first visit to each bromeliad, and then during following 
visits,  the individual  frogs were only counted,  not captured.  But in the A-area this  was a 
method performed at each visit, to be able to track individual dispersals of the frogs by photo 
recognition. Therefore, every encounter was recorded with date, time and location. After the 
first  capture,  photos were taken from distance to avoid disturbing and inducing additional 
stress if the individual was recognized as an earlier capture. Captured individuals were always 
released at the same spot of catchment.  Individuals measuring ≤17 mm were classified as 
juveniles  and  individuals  measuring  ≥  18  mm  were  classified  as  adults  (modified  after 
Excidobates measurements by Twomey & Brown 2008). Calling individuals were assumed to 
be males. Detected males were therefore grouped as “males” and the rest of the adult frogs 
grouped as “adults” containing unsexed females and males. 
     
3.3 Habitat utilization
All bromeliads visited to investigate the occupancy of adult frogs, juveniles and tadpoles were 
measured to gather information of the importance of bromeliad characteristics for the frog 
species occupancy. 
   A number of variables for evaluating the quality of bromeliads and its surroundings were 
recorded: the size of the bromeliads, depth of the interfoliar water cavities in the bromeliads, 
sun exposure (%) received by the bromeliads, the bromeliad species, bromeliad density and 
finally the bromeliads’ altitude. 
   The sizes of the bromeliads were measured as width (cm) with a regular field tape. At first 
visit to each bromeliad sun exposure was estimated by eye in percent taking into account 
shadings and location.  The water cavities at  the base of the bromeliads were measured in 
centimeters by dipping down a stick in the water cavity in its deepest part. The bromeliad 
density  was  measured  by  estimating  or  counting  (depending  on  the  location)  all  nearby 
bromeliads in a 5m radius from the individually measured bromeliads. The altitude (m.a.s.l.) 
of each bromeliad was monitored with a Garmin GPS 60CSx. 
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   In  total  281 bromeliads  were sampled,  ending up with a  total  of  1686 visits  to  these 
bromeliads. 
   
3.4 Behavioural recordings
To gain information about the dispersal, activity, breeding and feeding behaviour of the  E. 
mysteriosus behavioural recordings were performed (Table 2). Ad libitum sampling was used, 
making it possible to perform behavioural recordings simultaneously with the investigation of 
habitat  quality variables and occupancy of frogs,  since it  is  performed without systematic 
constrains. But also to be able to catch the behaviours of interest. Continuous recording was 
applied at every sampling session. 

Table 2 
Ethogram for the observed behaviours in the Excidobates mysteriosus.
Behaviour Description
Eating Successfully catching insects with their tongue.
Moving Moving 1-3 legs, changing positioning, turning around etc. without walking.
Walking Moving all four legs more than once.
Jumping All four legs leaving ground in an intended jump.
Foraging Making specific body movements, turning head and "lifting" chest and head, 

directing against the prey.
Tadpole release Adults releasing tadpoles into water cavities, in detail in heading 4.3.

For recording individual frogs’ dispersal all encounters of frogs were photographed, date and 
location  noted.  The  activity  was  continuously  recorded  during  field  hours.  The  feeding 
behaviour was observed 20 times during different field visits. In addition, the tadpole release 
(breeding) behaviours were observed during six different times (by six different adults) in the 
two tadpole-areas (the A- and D-area). In the A-area all the three observations were done in 
the afternoon (~05:00 pm). In the D-area two observations were done in the forenoon (~10:00 
am) and one in the afternoon (04:30 pm). 

3.5 Data analysis and statistics 
All data were analyzed using STATISTICA for windows version 9.1. Between the habitat 
quality  variables  standard  correlation  analysis  (matrices)  was  used  with  correlation 
coefficients.  The relationship  between presence of frogs/tadpoles  and the different  habitat 
quality variables were analyzed with Generalized Linear Models (GLM; binomial and logit-
link). For behavioural data descriptive statistics were applied. 

4 Results

4.1 Number of tadpoles, juvenile and adult frogs
There was high variation in the number of individuals and occupancy rates among the six 
different areas (Table 3). The results show that there are three core areas with high numbers of 
the E. mysteriosus, namely the A-, B-, and D-area. Tadpoles could only be detected in two of 
the six areas (A- and D-area). In the E-area not one single frog or tadpole was encountered 
during the six visits. In total, 1006 frogs and 86 tadpoles were found, counting all areas. There 
were eight bromeliads that only had tadpoles (none juvenile or adult during all 6 visits), seven 
of them in the tadpole-rich D-area.  In the A-area 32 tadpoles were found in 11 different 
bromeliads, giving a mean of 2.9 tadpoles per bromeliad that were used for tadpole release. In 
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the  D-area  54  tadpoles  were  found in  22 bromeliads,  giving  a  mean of  2.5 tadpoles  per 
bromeliad that were used for tadpole release. At each visit the number of encountered frogs in 
the bromeliads ranged from 0-5 and the number of found tadpoles ranged from 0-11 per 
bromeliad. 
   
Table 3
Number of  encountered adults,  juveniles  and tadpoles  of   Excidobates mysteriosus  in  all  
areas  (inclusive  frogs  found  outside  the  sampled  bromeliads)  and  the  number  of  frog  
occupied bromeliads  per sampled area.

 
No. of  
adults

No. of  
juveniles

No. of  
tadpoles

Total  
no.

No. of  
searched 

bromeliads

No. of  
bromeliads with  

frogs ≥1 time

No. of empty  
bromeliads at  

all 6 visits

Proportion  
occupied  

%
A-area 368 115 32 515 81 36 45 45
B-area 104 85 0 189 46 13 33 28
C-area 7 7 0 14 6 3 3 50
D-area 188 120 54 362 97 61 36 68.5
E-area 0 0 0 0 30 0 30 0
F-area 7 5 0 12 21 3 18 14
Total 
no. 674 332 86 1092 281 118 167

The mean sizes of frog individuals caught in the A-area were; juveniles (n=35) 14.9 mm SVL 
and 5.9 mm in width, males (n=12) 25.5 mm SVL and 11.3 mm in width and adults (n=129) 
(males and females) 24.5 mm SVL and 10.6 mm in width.

4.2 Bromeliad quality in relation to frog occupancy
   The occupancy rate by frogs and tadpoles in Bromeliad Species 1 were 32.5% (62 of 191 
plants) and in Bromeliad Species 2 the occupancy rate were 53% (48 of 90 plants).
   
   In  the Bromeliad Species 2,  for all  the different  recordings  of presences  of frogs  and 
tadpoles (i.e. presence ≥1 time, ≥3 times, all 6 times, tadpole- , juvenile- and adult presence), 
the bromeliads that had deeper water cavities had significantly higher presence of frogs and 
tadpoles (Table 4, Fig.4). Additionally, bromeliads with tadpoles present were significantly 
wider than bromeliads without tadpoles (Fig. 5). The rest of the bromeliad quality variables 
(sun exposure,  density  and m.a.s.l.)  had  no significant  effect  on  the  presences  of  adults, 
juveniles or tadpoles in the Bromeliad Species 2, except presence all 6 times, being significant 
for lower altitudes. 
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Table 4
Different recordings of presence and absence of frogs and tadpoles tested against habitat  
quality  variables  in  Bromeliad  Species  1  (n=191)  and  in  Bromeliad  Species  2  (n=90),  
numbers  given  are  p-values  from  binomial  GLM.  Presence  determined  to  different  
recordings,  first  three  columns  of  p-values  are  presence  of  frogs  and  tadpoles  together  
(presence  ≥ 1 time, ≥ 3 times, all 6 times). Three last columns of p-values are presence of  
different life stages (tadpole, juvenile and adult). n= no. of bromeliads with the respective  
recorded presence.
Recordings of  
presence 
Brom Spec. 1 
(n=191)

Presence ≥1 time 
(n=62)

Presence ≥3 
times 
(n=53)

Presence all  
6 times 
(n=9)

Tadpole 
presence 

(n=6)

Juvenile 
presence 

(n=55)

Adult 
presence 

(n=40)

Width 0.0004 0.00075 0.39 0.002 0.099 0.005

Sun Exposure 0.04 0.008 0.02 0.62 0.004 0.08

Water Depth 0.0006 0.0055 0.98 0.00065 0.53 0.002

Density 0.92 0.39 0.07 0.91 0.71 0.58

M.a.s.l. 0.0005 0.003 0.06 0.94 0.0004 0.001
Recordings of  
presence 
Brom Spec. 2 
(n=90)

Presence  ≥1 time 
(n=48)

Presence≥3 
times 
(n=33)

Presence 
all 6 times 

(n=4)

Tadpole 
presence 

(n=21)

Juvenile 
presence 

(n=42)

Adult 
presence 

(n=35)

Width 0.93 0.91 0.21 0.02 0.92 0.75

Sun Exposure 0.46 0.50 0.51 0.69 0.32 0.69

Water Depth 0.008 0.0001 0.01 0.02 0.02 0.0005

Density 0.27 0.87 0.28 0.87 0.77 0.65

M.a.s.l. 0.48 0.63 0.03 0.37 0.59 0.67

  

Figure 4. Mean (±SD) water cavity depth (cm) in Bromeliad  
Species 2 with absence of tadpoles (n=69) and presence of  
tadpoles (n=21).
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Figure 5. Mean (±SD) width (cm) in Bromeliad Species 2 with  
absence of tadpoles (n=69) and presence of tadpoles (n=21). 

   
In the Bromeliad Species 1, significantly higher presence of frogs (presence ≥1 time and ≥3 
times) were found on bromeliads that were wider, less sun exposed, containing deeper water 
cavities (Fig. 6-8) and growing at lower altitudes (Table 4). For presence of frogs all 6 times, 
there was a significant impact of lower sun exposure. Bromeliads with presence of tadpoles 
were significantly wider  and had deeper  water  cavities  than bromeliads without  tadpoles. 
Moreover, bromeliads growing at lower altitudes had a significantly higher occupancy of both 
adults and juveniles. However, significantly more adults were found on bromeliads that were 
wider and contained deeper water cavities, while these factors had no significant impact on 
juveniles. On the opposite, juveniles were found to be more present on bromeliads having 
lower  sun  exposure  compared  to  the  presence  of  adults.  Additionally,  for  all  recorded 
presences of frogs (except tadpole presence and presence all 6 times), significantly higher 
presence of frogs were found in bromeliads growing at lower altitudes with a mean of 1153 m 
(range 895-1332 m) compared to bromeliads growing on higher altitudes with a mean of 1271 
m (range 969-1723 m). Density of bromeliads had no significant effect on any level of frog or 
tadpole presence. 

Figure 6. Mean (±SD) width (cm) in Bromeliad Species 1 with  
absence of frogs and/or tadpoles (n=129) and presence of frogs  
and/or tadpoles (n=62).
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Figure  7.  Mean  (±SD)  sun  exposure  (%)  in  Bromeliad  
Species  1  with  absence  of  frogs  and/or  tadpoles  (n=129)  
and presence of frogs and/or tadpoles (n=62). 

Figure 8. Mean (±SD) water cavity depth (cm) in Bromeliad  
Species  1 with absence  of  frogs  and/or  tadpoles  (n=129)  
and presence of frogs and/or tadpoles (n=62).

   For all bromeliad quality variables a correlation analysis was done (Table 5).  For both 
bromeliad species’ the water depth was positively correlated to the width, wider bromeliads 
containing deeper water cavities. The sun exposure and the bromeliads’ altitude were as well 
positively  correlated  in  both  species,  bromeliads  at  higher  altitudes  receiving  higher  sun 
exposure.  Additionally  for  Bromeliad  Species  1,  correlations  were  found  between  sun 
exposure and water depth, sun exposure and density and m.a.s.l. and density.
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Table 5. 
Correlation matrices for bromeliad quality variables in both bromeliad species. 

Bromeliad Species Variables
Correlation 
coefficient p-value

1 Width x Water Depth 0.59 <0.05
Sun Exposure x Water Depth 0.25 <0.05

Sun Exposure x Density 0.19 <0.05
Sun Exposure x Masl 0.69 <0.05

Masl x Density 0.23 <0.05
2 Width x Water Depth 0.23 <0.05

Sun Exposure x Masl 0.25 <0.05

4.3 Dispersal, feeding and breeding behaviour
General notes were taken on the basic behaviours of the E. mysteriosus. Individual dispersal 
by the frogs were studied in detail while the activity, breeding and feeding behaviours were 
briefly observed. 
   For the dispersal, 187 encounters of adults and juveniles were photographed in the A-area. 
Of those 46 were recaptures by 25 frogs, which ranged from 2-6 recaptures per individual 
(mean was 2 recaptures). From the recaptures it was found that the frogs disperse in mean 
20.5 m (range 0-113 m) between different bromeliads. 25 frogs were found at least once in the 
same bromeliad (0 m), 7 frogs were dispersing at least 2.5 m, 6 frogs were dispersing at least 
5 m, 5 frogs were dispersing at least 7.5 m, 4 frogs at least 10 m and 2 frogs at least 17.5 m  
and a single frog at least 113 m (Fig. 9). 
   During direct observations on activity, the adults and juveniles when observed undisturbed, 
tended to walk more than jump when moving in more difficult terrain (as rock walls and 
trees), but could move fast and for longer distances by doing great jumps when disturbed or 
when moving on the forest floor. The frogs also seemed to dedicate large time on “moving” 
(see Ethogram, Table 2) inside and outside the bromeliads, mostly in shadowed spots. 

Figure  9.  Inverse  cumulative  proportion  distribution  of  the  
movements between bromeliads by 20 adult and 5 juvenile frogs. 
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   In  regard to  breeding behaviour,  interesting tadpole release behaviours were observed. 
When an adult was found carrying tadpoles it was observed to move between the bromeliad 
leaves, backing down and making a quick dip into the water, sitting still on the leave, perhaps 
move a little bit, then go on to the next leaf to follow the same behaviour pattern there. When 
observing  frogs  without  tadpoles  they  went  head  first  into  water  cavities  but  all  adults 
carrying tadpoles went back first. One adult also engaged in feeding while moving around 
between the leaves. When the adult decided to release a tadpole it entered a water cavity and 
became floating on the water surface, freely or with front legs as anchor on bromeliad leaf. 
While floating, the adult was gently caressing one of the tadpoles on its back with its hind 
legs (mean number of times 28 (range 25-32)) until it was released into the water. Only one 
tadpole was released in one water cavity. In the A-area the three adults were carrying 2, 3, 3  
tadpoles  respectively and those with three  tadpoles  did only release one tadpole  the  first 
evening,  carrying  on the  tadpoles  the  next  day.  The  one  with  two  tadpoles  released  the 
tadpoles in one cavity each during the same evening. In the D-area, adults carrying tadpoles 
showed the same behaviour pattern as above. However, the carrying of tadpoles were higher 
than in A-area, observing adults carrying 4, 4 and 5 tadpoles respectively. One that had four 
tadpoles and the one that had five tadpoles were carrying one tadpole on the hind leg and the 
rest on their backs. 
   Adult and juvenile frogs were observed to be feeding on ants and small, winged flies both  
inside the bromeliad and outside on rock walls, forest floor and on other plants. 
   

5 Discussion
The  amphibians  in  Latin  America  are  facing  numerous  threats  (Young  et  al.  2001). 
Additionally,  many  species  are  endemic  and  endangered  which  generates  a  need  for 
conservation  managements.  Although,  for  many threatened  amphibians  there  is  a  lack  of 
sufficient knowledge for species conservation planning. In this study, detailed data on habitat 
requirements, occupancy patterns and behaviours have been collected of the endangered and 
threatened poison dart frog Excidobates mysteriosus. 

5.1 Importance of bromeliad quality, density and altitude
The present study has shown that E. mysteriosus has specific habitat requirements with regard 
to bromeliad quality and that bromeliads are crucial for its survival and reproduction, as the 
only stable and long-lasting water source. Among vertebrates, anuran amphibians (including 
the  Dendrobatidae)  have  the  highest  number  of  species  associated  with  bromeliads  and 
possess a range of ecological, behavioural, and morphological specializations to live in these 
plants (da Silva et al. 2011), as was also shown by the present study.
  There were significantly higher presence of frogs in wider Bromeliad Species 1 than on 
smaller, which is consistent with other studies. A study on Mexican arboreal frogs found a 
higher  presence  of  frogs  living  in  bromeliads  larger  than  70  cm  (measured  in  height) 
(Galindo-Leal  et  al.  2003).  Another  study  made  on  four  earthworm  species  living  in 
bromeliads showed that the bigger bromeliad (longer leafs) the higher presence of the worms 
(Fragoso & Rojas-Fernández 1996). In tropical forests the large bromeliads provide important 
microhabitats not only for amphibians but also for many other invertebrates and vertebrates, 
by holding water and moist, provide forage sites and protection (Dejean et al. 1995; Galindo-
Leal et al. 2003). Larger bromeliads  often shelter a higher species richness and abundance of 
invertebrates  and  vertebrates  than  smaller  bromeliad  species  (Dejean  et  al.  1995).  In  the 
Bromeliad Species 2 however, width did not have a significant effect on frog presence (but on 
tadpole  presence)  which  could  be  explained  by  that  the  sampled  bromeliads  had  lower 
variation in width (overall being big) than had Bromeliad Species 1. 
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   In general, deeper water cavities had a positive significant effect on the occupancy of  E. 
mysteriosus.  The  need  of  water  for  amphibian  survival  makes  them dependent  on  water 
availability. The depth of the bromeliads' water cavities were positively correlated with the 
width of the bromeliads, consistent with Fragoso and Rojas-Fernández (1996). Additionally, 
Zotz and Thomas (1999) report that larger bromeliads contain their water and humidity for 
longer periods than smaller bromeliads does in Panama. However, juveniles were not more 
frequent in bromeliads with deep water cavities in Bromeliad Species 1. This may be due to 
adult  frogs  using  them  for  reproduction  and  therefore  were  more  frequently  present  in 
bromeliads containing sufficient water for breeding whilst the juveniles were using them for 
feeding  and  therefore  not  dependent  on  how deep  the  water  cavities  are,  only  on  water 
availability. 
   There were a higher presence of frogs in Bromeliad Species 1 receiving lower sun exposure  
(except tadpole- and adult presence), than in specimens with higher sun exposure. Higher sun 
exposure increases the UV-radiation, affecting the frogs negatively (e.g. Beebee & Griffiths 
2005), by causing abnormalities in the skin affecting their possibility to breathe through their 
skin.  However,  Krügel  and  Richter  (1995)  performed  a  study  on  Syncope  antenori  
(Microhylidae) in east-central Peru, where the presence of eggs and tadpoles were higher in 
bromeliads well exposed to sunlight (75%) compared to bromeliads in shade.  In the present 
study, sun exposure was not found to have an effect on tadpole release nor on adult presence. 
Moreover,  da  Silva  et  al.  (2011)  found  nine  anurans  using  bromeliads  in  Brazil  where 
bromeliads located at edges (exposed to sun) were more frequently occupied by anurans than 
bromeliads in the center of forests (in the shade). The difference to E. mysteriosus could be 
due to climate differences, since they are living in well-known dry habitats, making them less 
prone to “sunbathing” as species from rainforests  tend to engage more in (da Silva et  al. 
2011). In the Bromeliad Species 2 sun exposure did not affect the frog presence, which could 
be explained by the Bromeliad Species 2 mainly growing in the D-area consisting of remnant 
dense forest and therefore had low variance of sun exposure. 
   In addition to the bromeliad quality variables the altitudes were also monitored for the 
individual bromeliads. Significantly higher presence of frogs were found on lower altitudes in 
Bromeliad Species 1 (except for presence all 6 times and tadpole presence) than on higher 
altitudes. However,  this was not the case in Bromeliad Species 2.  A possible explanation 
would be that the area where Bromeliad Species 1 grows are located at higher altitude than 
the area dominated by Bromeliad Species 2. That would be the probable reason for the lack of 
effect of altitude on occupancy in the Bromeliad Species 2 since they were already growing 
on an optimal altitude. The reason for the positive correlation in altitude and sun exposure 
could be due to the different vegetation types at the different altitudes. Higher up, bromeliads 
were  mostly  found  on  rock  walls  with  low  vegetation  resulting  in  higher  sun  exposure 
compared to the lower altitudes mainly consisting of remnant forests with denser vegetation, 
where little sun perforate through the three canopy. 
   Another factor recorded was the density of bromeliads, which had no significant effect on 
the presence of E. mysteriosus in neither bromeliad species. It might be due to an overall low 
variation in bromeliad density in the areas, since they were mainly found in high numbers 
(clusters) and few were isolated. However, Donnelly (1989b) found that when increasing the 
bromeliad density the females and males increased in number, later on breeding increased as 
well as the number of juveniles in the poison dart frog Dendrobates pumilio. 
   
5.2 Dispersal, feeding and breeding behaviour
The majority (72 %) of  E. mysteriosus individuals stayed in the same bromeliad during the 
study of their dispersals. The mean dispersal distance of the territorial  Dendrobates pumilio 
was found to be 20 m (Smith & Green 2005). The present study was performed during dry 
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months in Peru and the drought may make the frogs dependent on the bromeliads with water 
cavities more than during rainy months. However, it was discovered that the frogs could move 
up to 113 m which opens up possibilities of future habitat corridors, connecting suitable areas 
with wider bromeliads and plants containing deep water cavities for the frog species.
   Caldwell  (1997)  stated  that  adult  poison  dart  frogs  primarily  feed  on  ants,  which  is 
consistent with my observations.  
   There  are  numerous  studies  reporting  on bromeliads  being especially  important  in  the 
reproduction, used for oviposition, tadpole development (Schiesari et al. 1996; Lannoo et al. 
1987) and to complete metamorphosis (Donnelly 1989) in amphibians. Although, regarding 
the comparisons of tadpole releasing behaviour, not much articles have been found describing 
this in detail. The behaviour in  E. mysteriosus does at least differ from one other Peruvian 
poison dart frog, who releases all their tadpoles at the same time in the same water cavity 
(pers. comm., Rainer Schulte, INIBICO, Peru). Nevertheless, the releasing of one tadpole per 
water  cavity have been found in other  poison dart  frog species  (Brown et al.  2008).  The 
behaviour  could be explained by space limitation in the water cavity,  less competition of 
nutrients, decreased predation risk and avoiding of cannibalism (Brown et al. 2008). In terms 
of  the  breeding  behaviour  the  positive  correlation  between  depth  of  water  cavities  and 
bromeliad width are especially relevant since the adult frogs preferred to release their tadpoles 
in bromeliads that were bigger, which would then give tadpoles more water to develop in. 

5.3 Conservation implications
The results show that the A-area had the most individuals, but the D-area had the highest 
occupancy  rate  in  bromeliads.  This  might  be  due  to  the  higher  number  of  individuals 
encountered on ground in the A-area than in the D-area where most of the frogs were found 
inside the bromeliads. These two areas together with the B-area are core areas for the  E. 
mysteriosus and should be the first targets for conservation efforts. The A-area is protected as 
reserve, which should be a priority for the other two as well. 
   But despite the protection as reserves slash-and-burn agricultural fires that run-away are 
common around the areas and most likely the biggest reason for possible extinction in the E-
area and the great declines in the F-area. The A-area has also been affected by fires but are 
still  harboring  a  large  number  of  frogs.  These  fires  need  urgent  controlling  through 
conservation management of the areas. 
   Another big threat facing E. mysteriosus is deforestation. Both the frog-rich areas B and D 
are today threatened with total  destruction giving way for plantations or grazing pastures. 
Species  living  in  areas  where  the  landscape  is  very  fragmented  have  a  higher  risk  of 
population isolation (Beebee & Griffiths 2005), which is happening in the areas right now due 
to the high deforestation pressure. If no conservation managements target these deforestations 
in the near future the possibility to create habitat corridors for the  E. mysteriosus could get 
lost. Wider bromeliads (preferred by the E. mysteriosus) are older and since it takes years for 
them to grow big they are very sensitive  for deforestation,  forcing  E. mysteriosus to  use 
smaller bromeliads with higher risk of population declines. Galindo-Leal et al. (2003) found 
that  bromeliads  in  Mexico were completely absent  from young forests  (10-40 years  old). 
Various bromeliad species are old-growth forest specialists (Benzing 1980, cited by Galindo-
Leal  et  al.  2003)  and therefore  sensitive to  human activities  eliminating  forest  structures. 
Excidobates mysteriosus is only found in old-growth forests and if the rest of the remnant 
forests are cut down the species will be confined to rock walls solely. 

   In conclusion, the endangered and endemic poison dart frog Excidobates mysteriosus was 
found with a higher presence on wider bromeliads than on smaller and with higher presence 
on  bromeliads  that  had  deeper  water  cavities  than  on  bromeliads  with  shallower  water 
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cavities. They were mostly found in the same bromeliad after recaptures. Adults and juveniles 
were eating  small  ants  and flies.  Finally  adults  preferred to  release only one tadpole per 
bromeliad water cavity. 
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