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Abstract

The numbers of amphibians are decreasing all over the globe, particularly in high 

elevation areas of the Andes. Glass frogs have been studied in tropical regions, but very 

little is known about the species in Ecuador. The objective of my study was to determine 

if habitat factors influence the selection of oviposition (egg laying) sites in Ecuadorian 

glass frogs in the Cordillera Oriental of the Andes Mountains, at the Yanayacu Biological 

Station. Two and a half km of one stream were selected as the study area because its bank 

vegetation and stream characteristics varied throughout its length. The stream was divided 

into four sections each about 300 meters long, and each night one section was searched for 

egg masses and adults. Egg masses of Cochranella wileyi were most abundant and were 

used for statistical analysis. Several habitat factors were examined that were thought to 

possibly have an effect on oviposition choice. Five factors were found to be positively 

associated with the location of egg masses: the number of ferns along the margin of the 

stream, the number of ferns overhanging the stream, canopy cover, and the amount of 

riffle area in the stream. The amount of grass along the stream margin was negatively 

associated with oviposition sites. Together, these results suggest that high gradient streams 

with canopy cover and a dense fem understory are necessary for breeding activity in this 

species.
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Introduction

South America is home to not only the greatest number of amphibian species, but also 

the highest species density of all of the continents (Duellman, 1993). Within the 

continent, there are also large numbers of endemic species. For example, in the Cordillera 

Oriental of southern Colombia and Ecuador, 147 of the 159 species are endemic 

(Duellman, 1993). However, a global amphibian assessment estimated that 107 of 

Ecuador's 448 recognized species are extinct, critically endangered, or endangered (Stuart

et al., 2004). Most of these 107 species live in high elevations in the Andes Mountains. 

Furthermore, 38% of anurans (frogs and toads) are clustered within tropical montane 

forests, a habitat type that accounts for only 4.3 percent of the total area (Duellman, 1993). 

Basic data on distribution and abundance are significantly lacking or nonexistent for most 

species.

In addition to the decline in the total number, abundance of individual species has 

decreased significantly in the last few years (Duellman, 1993). Fifty-one species of frogs 

have decreased in relative abundance in the Ecuadorian Andes (Bustamante et al., 2005). 

Funk (2006) notes that recent analyses of the status of Ecuadorian amphibians suggest that 

many high elevation Andean species have declined or gone extinct, but the status of 

amphibians in other parts of Ecuador, such as Amazonian cloud forest, remains unknown. 

The rapid decline in numbers and lack of distribution data for amphibians in montane 

tropical regions needs to be addressed by further research. One genus of glass frogs, 

Cochranella, is endemic to Ecuador, found only in montane provinces, and classified as 

vulnerable in the 2004 IUCN red List of Threatened Species (Cisneros-Heredia and 

McDiarmid, 2002). Although, glass frogs have been well studied in Costa Rica, their
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species distribution patterns are unknown in the Cordillera Oriental of Ecuador (Savage, 

2005).

The objective of my study was to assess which habitat factors influence the 

distribution of oviposition sites (where eggs are deposited) by glass frogs (family 

Centrolenidae) in the cloud forest of Ecuador near the Yanayacu Biological Station, 

located on the eastern slope of the Cordillera Oriental of the Andes, Napo Province,

Ecuador.

Because of its proximity to many streams, Yanayacu provides an ideal setting for 

assessing distribution patterns across many different habitat types. In all species for which 

reproductive biology is known, eggs are deposited in gelatinous circular masses on 

vegetation overhanging fast-moving streams (Savage, 2005). During their work at 

Yanayacu, Guayasamin et al. (2006) conducted a thorough inventory of amphibians in 

which a total of 16 species were documented at the site, 6 of which were new species, and 

4 of which were centrolenids. Funk (2006) states that centrolenid frogs are among several 

groups of stream-breeding frogs that are thought to have suffered precipitous declines in 

the Andes, so their populations are a high priority for population monitoring. Although 

some studies have examined population numbers of glass frogs in the Ecuadorian cloud 

forest, little or no data exist on the natural history of the frogs. Thus my research focused 

on a small part of the natural history of breeding activity. I hypothesized that habitat 

factors would have an influence on the oviposition sites of glass frogs.

Material and Methods
Why Yanayacu
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I chose the Yanayacu Biological Station for my research because four different 

species of glass tree frogs have been located there (Bustamante et al., 2005), one species 

in abundance {Cochranella wileyi), and as a result sufficient data could be collected for 

statistical analysis. I collected data from May 12 to May 25 of 2006 and again from June 9 

to June 15 of 2006, the beginning of the rainy season. Yanayacu station has many nearby 

streams, each of which could have been a site for data collection.

Stream Selection

I examined four separate zones of one of the larger streams. The total distance 

covered was 2440 m, from the upper-most point to the lowest. Each zone had a different 

label, according to the order in which it was surveyed (A, B, C, or D), and each zone 

represented a stratified sample of different regions of the stream: zone A was located in a 

mid-gradient region with canopy cover, zone B in a lower-gradient region with canopy 

cover, zone C in a high-gradient region with canopy cover, and zone D in a mid-gradient 

region without canopy cover. All distances were measured from the beginning of the 

uppermost zone so data could be analyzed more precisely. The starting point of each zone

was selected randomly by using a random number generator to determine the number of 

paces before starting each section. Originally, each zone was 200 m in length. However, 

with more practice, I could sample longer distances each night, and I decided that more 

area would only add more data points and would not affect the integrity of the results.

Zone C started at 0 m and went down the stream to 280 m. Zone D followed, from 430 m

to 630 m. Zone A, which stretched from 650 m to 960 m, was next. Finally, zone B 

extended from 2180 m to 2440 m. Each zone was broken into 10-m sections for sampling 

purposes and for analysis of vegetative data.
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Data Collection

Each section was surveyed the same number of times to assure equal sampling. 

Zone A was surveyed the first night followed by zones B, C and D on subsequent nights. 

Because zone D was located in a pasture and was easy to survey, zones C and D were 

surveyed on the same nights. Every three nights each zone was surveyed once, and then 

the rotation started over. During the first survey period, May 13 to May 26 of 2006, each 

zone was searched four times. For the final survey period, June 10 to June 15 of 2006, 

each zone was searched twice. The usual starting time was 20:00, hours and the finishing 

time depended on the number of egg masses and adults found and the length of the zone.

The adult and egg mass data were recorded. The following day, the habitat data were 

measured. In addition to the habitat data at each egg mass, random habitat data points 

were determined and measured. The random habitat data points were obtained to ensure a 

better classification of each zone in the stream and to compare with habitat data at egg

mass sites.

Egg and Adult Habitat Data

Tables 1 and 2 provide the measurements made at each site where egg masses and 

adults, respectively, were found.

Habitat Factors Examined

Many different habitat factors, both continuous and discrete, were sampled within ten 

meters of each egg mass site and at randomly located comparator sites. The continuous 

factors are provided in Table 3.

Percent cover estimates were made for several stream substrate types (boulders, 

cobble, pebbles, sand/silt, woody debris, and leaf litter) and for several vegetation types
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(bamboo, trees, shrubs, vines, forbs, ferns, grasses and bare ground) in an area 5 m by 1 m 

on the bank, running perpendicular to the stream. Additionally, percent cover was 

estimated for vegetation types overhanging the stream within each 10-m segment. All 

cover estimates were grouped into 5 categories (0%, l%-25%, 26%-50%, 51%-75%, and 

76%-100%) for discrete analysis.

Data Analysis

Since little is known about the natural history of centrolenid frogs at Yanayacu, means 

and standard errors were estimated for all egg mass and adult data. All but two egg 

masses were from Cochranella wileyi, so the statistical analysis was performed for this 

species only. Because older egg masses can lose embryos and change shape, estimates 

were only made for egg masses with embryos younger than Gosner stage 20 (Gosner, 

1969). Correlation analyses were used to test for associations between habitat factors and 

the presence of C. wiley i egg masses. The categorical habitat data were analyzed using

contingency tests. The continuous data were analyzed using logistic regression analysis 

using the presence/absence of egg masses as the response variable. All analyses were 

conducted using STATISTICA software.

Results

Out of 105 sections 10 m in length, at least one egg mass was found in 23 sections. All 

23 sections with egg masses were found either in zones A or C. Novel descriptive 

statistics of egg masses and adults are shown in Tables 4 and 5 respectively.

Contingency tests indicated that four categorical habitat factors were significantly 

associated with egg placement in glass frogs (Table 6, Fig. 1). As the number of ferns on 

the stream bank increased, the incidence of egg masses also increased. Any section where
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the percent of ferns covering the bank was 26% to 100% showed an increased likelihood 

of eggs (Fig. 1). The number of ferns overhanging the stream also had a positive 

association with the presence of eggs, with an increase in the likelihood of eggs associated 

with 26% to 50% fem cover (Fig. 1). The canopy cover of a particular section was 

positively associated with the presence of egg masses. No eggs were found in sections 

with less than 25 % canopy cover (Fig. 1). The presence of eggs was negatively associated 

with the amount of grass along the bank (Fig. 1). The other categorical habitat variables 

did not show significant associations with oviposition (Table 6).

Logistic regression analyses of the continuous habitat variables revealed that bank rise 

and percent riffle of stream were significantly associated with oviposition (Table 6, Fig. 

2). As bank rise increased the likelihood of egg masses increased (Fig. 2). Also, as the 

percent riffle of the stream increased, egg masses were found more often than by chance 

alone (Fig. 2).

Discussion

The objective of my study was to describe basic egg mass characteristics and 

determine if any habitat factors influenced oviposition sites in Ecuadorian glass frogs. As 

little is known about Ecuadorian glass frogs, I have included some natural history data on 

egg masses and adults in Tables 4 and 5, respectively. The egg masses are more than 

twice as long as they are wide, which may have something to do with the composition of 

the jelly that makes the mass. Another interesting finding is that an egg mass has about 20 

embryos. Egg masses are usually laid about a meter and a half above the stream and a

third of a meter from the bank. The adults of Centrolene bacatum are about 4 mm smaller
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than Cochranella wileyi. The C. wileyi individuals tend to be found higher above the 

stream, but closer to the bank.

I hypothesized that some habitat factors would be significantly associated with 

oviposition selection in these frogs. I found that six of the habitat factors were 

significantly associated with the location of egg masses (Table 6). Five of these were 

positively associated with egg masses: the number ferns on the bank, the number ferns 

overhanging the stream, the amount of canopy cover, bank rise, and percent riffle of the 

stream. The other significant factor, the amount of grass on the bank, was negatively 

associated with oviposition. Furthermore, egg masses were only observed in zones A and 

C with mid to high gradients and canopy cover.

Heartsill-Scalley and Aide (2003) state that breaks in the continuous forest cover due 

to deforestation and agriculture restrict the movement of organisms and affect temperature 

and light conditions, which can lead to the loss of plant and animal species in a section of 

a tropical stream in Puerto Rico. Moreover, Savage (2002) suggests that glass frogs of the 

genus Cochranella and Centrolenella deposit eggs on vegetation along stream margins. 

All eggs are laid on upper leaf surfaces, moss-covered rocks, or branches from 0 to 3 

meters above the stream (Savage, 2005). When eggs mature, they break open and the 

tadpole drops into the stream. This means that for eggs to have any type chance of 

survival, the adults must find some type of vegetation that overhangs the stream. Grasses 

do not overhang the streams to the degree necessary for this process to occur. 

Additionally, because of their need for full-sun conditions, grasses are only found in areas 

with no canopy cover. Consistent with Heartsill-Scalley and Aide (2003) and Savage 

(2002; 2005), the Ecuadorian glass frogs in my study and their egg masses were only
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observed in areas with canopy cover and, conversely, not in areas with large amounts of 

grass. This point is obvious when one looks at section D of the stream which had been 

cleared of canopy to allow cattle to graze on the grasses that cover the stream bank and 

pasture. In zone D, no egg masses or adults were found throughout the study.

At first glance, the percent riffle and bank rise might seem as if they should not have a 

significant influence on oviposition, but Bisson and Montgomery (1996) state that channel 

morphology is known to influence nutrient exchanges, algal abundance, production of 

benthic invertebrates, and other aquatic organisms. If stream morphology can have an 

influence on the distribution of food and shelter for the tadpole stage of frogs, perhaps 

adults select oviposition sites that favor offspring development. Alternatively, the 

association with riffle zones may be the indirect effect of adults trying to locate breeding 

sites over streams. For example, perhaps the frogs use the noise from riffle zones to locate 

a stream and for proper positioning of eggs over the stream. Steep banks are often 

associated with riffle zones and, therefore, may be indirectly associated with breeding

activity.

Savage (2005) states males of Centrolenidae call from low vegetation during the 

rainy season, while the females usually wait a little higher in the canopy until they sight a 

suitable male. My study found that approximately three-fourths of all eggs were found on 

ferns, and most males were observed calling from ferns. However, ferns account for only 

a small portion of the vegetation overhanging streams. Even in sections with greater 

amounts of overhanging bamboo, vines, shrubs, and trees, ferns were the type of 

vegetation selected for depositing eggs. More studies need to be performed to see if this 

disproportionate use of ferns occurs in other seasons and in other montane regions.
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As Gascon (1991) states, individuals are responding to the habitat and breed in 

sites with a combination of biotic and abiotic attributes. As is evident from this study, a 

single factor is not responsible for determining oviposition sites in glass frogs. Thus, the 

adult most likely chooses a complex mixture of habitat factors. A possible next step would

be to construct a multivariable habitat model to assess which habitat factors are most

important in predicting where glass frogs choose to breed.

The findings from this study seem to suggest a strong correlation between 

Ecuadorian glass frogs breeding activity and high gradient streams with mature canopy 

cover and dense fern under story. However, the habitat that these frogs require is being 

destroyed at an alarming rate (Achard et al., 2002). Without canopy cover, it is unlikely 

that glass frogs will persist.

One possible solution to habitat destruction may be sustainable logging of small 

patches with long periods allowed for forest recovery. For example, Clark et al. (2005) 

found that continuous harvesting using the open-range method (which is unsupervised and 

unplanned with few controls on felling) has an adverse effect on the diversity of bats. 

Conversely, strict controls on felling based on ecological criteria and monitoring of 

logging operations (as in the periodic block-cycling of harvesting), results in a bat 

community that is similar to undisturbed forest. Putz et al. (2000) postulated that well- 

managed forests can provide income as well as many of the forest resources and 

ecosystem services that society increasingly demands, but what is required is nothing less 

than a cultural change from timber mining to forest management. Sustainable logging 

would also require reliable data for building forest management programs. Unfortunately,
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as Kammesheidt et al. (2001) note, reliable data on the growth and yield of forests to 

determine sustainable cutting cycles are widely missing for tropical forests.

Until such data are available, my results suggest logging activity should be restricted 

along the stream corridors surrounding Yanayacu and perhaps other montane regions of 

the Andes. Such a restriction should benefit all stream dwelling organisms associated with

canopy cover.
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Table 1. Parameters recorded for egg masses.

Variable Description
Reach ID Which of the four zones the egg mass was located in
Zone Location Which 10-m section contained the egg mass
Length of egg mass In millimeters
Width of egg mass At widest point, in mm
Stage of embryo development Using the Gosner (1969) staging chart
Number of eggs in the mass Total number of viable eggs
Individual egg diameter In millimeters
Host plant Type of vegetation the egg mass was on
Leaf type Morphotype of the leaf where the egg mass was found
Leaf length In centimeters
Leaf width In centimeters
Position of eggs on the leaf Top, bottom, tip, etc.
Vertical position Distance from base of mass to the stream
Horizontal position Distance from the mass to the closest bank

Table 2. Parameters recorded for adult glass frogs.

Variable Description
Date Day the adult was found
Time In military time
Reach ID Which of the four zones the adult was found in
Zone location Which 10-m section where the adult was found
Air Temperature In degrees Celsius
Species Type of glass frog
Snout-vent length Distance from tip of nose to base of body
Sex Male or Female
Substrate Type of vegetation the frog was found on
Substrate dimensions Length and width, in centimeters
Behavior Sitting, calling, mating, etc.
Vertical position Distance from adult to the stream
Horizontal position Distance from the adult to the closest bank
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Table 3. The continuous habitat factors examined at the egg masses and randomly located 
comparator sites.

Variable Description
Water temperature In Celsius
Bank rise In degrees of vertical rise from the stream surface to a point 10 

m perpendicular from the stream
Channel rise In degrees of vertical rise along the stream
Flow time The time required for a cork to float 10-m downstream
Flow rate Time for the cork to travel divided by distance
Flow type Estimate of total area covered by pools, riffles, or runs
Average channel width Measured at three points, then averaged
Average channel depth Measured at three points, then averaged
Stream discharge Flow rate multiplied by the average stream width and depth
Size of neighboring trees Diameter of the three largest trees in an area 5 m perpendicular 

from the edge of the stream
Leaf litter The number of leaves impaled on a probe in the same 5-m area

Table 4. Average measurements for the egg mass data for Cochranella wileyi.
Variable Mean

Length of mass (mm) 41.4
Width of mass (mm) 20.4

Number of eggs 18.8
Egg diameter (mm) 3.2

Leaf length (cm) 17.8
Leaf width (cm) 4.5

Vertical position (cm) 154.8
Horizontal position (cm) 32.9

Table 5. Average measurements for adult glass frog data.
Species Mean SVL 

(mm)
Mean Vertical 
position (cm)

Mean Horizontal 
position (cm)

Cochranella
wileyi

25.7 160.4 17.9

Centrolene
bacatum

22.0 143.1 31.5
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Table 6. Continuous and categorical habitat variables with Chi square values and P- 
values. 

Variable Chi Square P-Value
Boulder (stream bed) 1.57 0.211
Cobble (stream bed) 6.49 0.011
Pebbles (stream bed) 4.41 0.036
Sand/Silt (stream bed) 0.75 0.384

Woody debris (stream bed) 3.01 0.083
Leaf litter (stream bed) 1.13 0.287

Bare ground (on the bank) 0.00 0.953
Grasses (on the bank)* 6.95 0.008*
Ferns (on the bank)* 13.08 0.001*
Forbes (on the bank) 3.14 0.077
Vines (on the bank) 3.94 0.047
Shrubs (on the bank) 9.19 0.338
Trees (on the bank)* 10.75 0.003*

Bamboo (on the bank) 4.12 0.042
Ferns (overhanging the stream)* 10.26 0.006*
Vines (overhanging the stream) 5.02 0.025

Forbes/Shrubs (overhanging the stream) 0.01 0.914
Trees (overhanging the stream) 5.79 0.055

Bamboo (overhanging the stream) 1.21 0.271
Water temperature 0.13 0.718

Bank rise* 7.18 0.007*
Channel width 1.25 0.264
Percent riffle* 5.58 0.018*
Percent pool 2.61 0.106
Percent run 2.86 0.091
Discharge 0.32 0.571

Leaves on bank 0.04 0.851
DBH 2.51 0.113

* Indicates a significant association with egg mass locations.
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Figure 1. The association between egg mass location and 4 categorical habitat factors. The deviation 
from expected represents the difference between the observed presence of egg masses and the expected 
presence (based on a null model) of egg masses for each cover category.
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Figure 2. The association of the two statistically significant continuous variables and the oviposition
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sites, using logistic regression analysis to quantify the results.
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