
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ANALYZING FACTORS INFLUENCING 
REPRODUCTIVE SUCCESS OF THE 
MOUNTAIN CHICKEN 

Nordens Ark Captive Breeding Program 

Bachelor Degree Project in Bioscience 
30 ECTS 
Autumn term 2018 
 
Chad Donaldson 
a16chado@student.his.se 
 
Supervisor: Niclas Norrström 
niclas.norrstrom@his.se 
 
Examiner: Jenny Lennartsson 
jenny.lennartsson@his.se 
 



 

Abstract 

Amphibians globally are declining with roughly a third facing extinction due primarily to threats 

linked to human impacts. One way in which this is being combated is by captive breeding programs. 

Nordens Ark in Sweden, in collaboration with other organizations, is attempting to breed one of the 

most threatened frogs for future reintroduction to the wild. The mountain chicken (Leptodactylus 

fallax) has unique characteristics related to its reproduction which make it challenging to breed 

successful offspring. Using Nordens Ark’s data on environmental conditions within breeding 

enclosures, this study attempts to determine which extrinsic factors are having the most influence on 

reproduction, in order to increase the success of the captive breeding program. 

Multiple linear regression analysis and model simplification using Stepwise regression and Akaike 

information criterion (AIC) were performed in order to determine which explanatory variables had 

the most influence in relation to foam nests. 

A reduced model with significant values for explanatory variables was deemed the best model based 

on the dataset. Of the 14 environmental variables tested, minimum temperature after nest construction 

had the most influence on foam nest length. When compared to wild habitats, temperatures within 

enclosures may be too high or lack seasonal cyclical patterns. Barometric pressure and humidity also 

had influence on foam nests, but the relationships between these environmental conditions is difficult 

to parse. Food supplements were also a significant factor and suggest that lack of vitamins or nutrients 

can have a negative effect on reproductive success. Ensuring the optimal conditions can be difficult 

for captive breeding programs, especially as amphibians are under-represented and face biases in 

conservation and research. 
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Introduction 

Amphibians are at risk on a global scale, with roughly one third of amphibian species being 

threatened (Hof et al., 2011; IUCN, 2017) and over 40% facing declines (IUCN, 2017; 

Monastersky, 2014; Stuart et al., 2004). Threats such as habitat loss, disease, climate change, 

invasive species, trafficking and more reflect negative impacts by human activity which are 

generally increasing in intensity, and as many species’ status remain unknown the negative 

impacts, even extinction rates, are likely under estimated (Alroy, 2015; Ceballos et al., 2015). 

Often these impacts are intertwined, where species are facing multiple threats simultaneously 

and if they are affected by one it can make them more vulnerable to another (Blaustein et al., 

2011; McMenamin et al., 2008). Amphibians on a whole are under-represented in research and 

conservation (Rosenthal et al., 2017) and taxonomic biases against ectotherms mean general 

understandings of many species remain unknown (Bonnet et al., 2002). 

One of the major threats facing amphibians is fungal disease. Amphibians may be especially 

vulnerable to fungal disease due to their habitat and permeable skin. The most destructive has 

been caused by the chytrid fungus Batrachochytrium dendrobatidis (Bd), which causes 

chytridiomycosis, a disease that disrupts vital functions of the skin such as water and mineral 

regulation (Van Rooij, et al., 2015). Chytridiomycosis from Bd has already been linked to 

several species extinctions as well as declines of 200 species and is likely to continue causing 

severe amphibian declines, largely as a response to human activity (such as spreading the 

disease through trafficking of infected animals, degradation of habitat for vulnerable 

populations, climate change, etc.) (Berger et al., 1998; Fisher et al., 2009; Lips et al., 2006; 

Murry et al., 2009). Recent evidence points to the origins of Bd coming from Asia during the 

early 20th century and reflects how human trafficking of animals can have enormous negative 

effects as the fungus is now present in most countries (O’Hanlon et al., 2018). Since amphibians 

can be both food for other species and keystone predators of invertebrates, and since 

amphibians constitute a link between aquatic and terrestrial habitats, negative impacts to 

amphibians can pose potential threats on entire ecosystems (Suislepp et al., 2011). 

The giant ditch frog (Leptodactylus fallax), commonly referred to as the mountain chicken, is 

a recent casualty of Bd. The frog is endemic to the Lesser Antilles of the Caribbean, on the 

islands of Dominica and Montserrat, although historically located on at least 5-7 other islands 

until they were made locally extinct due to hunting and introduced species (Hudson et al., 

2016). It is one of the largest species of frog in the world. The name “mountain chicken” reflects 

how it is affected by human interactions, as it gets its name from people describing it tasting 

like chicken and it has traditionally been used as a food source by local people, harvesting as 

many as 36,000 per year (IUCN, 2008). However, populations remained relatively stable until 

2002 when Bd caused a mass mortality event in which 85% of the Dominica population was 

lost over 18 months and near extinction on Montserrat with rates of decline up to 85% over just 

13 weeks (Hudson et al., 2016). 
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Currently only 132 mature individuals are known to exist in the wild on the two islands despite 

meticulous surveys and public campaigns to report sightings (IUCN, 2008; Hudson, 2016), and 

local frog populations are severely fragmented, making them listed as critically endangered. 

Only two wild individuals are now known to exist on Montserrat, a male and female which 

were relocated in near proximity in the hopes that they may breed (Aldred, 2016). 50 

individuals were captured from the last intact population on Montserrat to biosecure in facilities 

in Europe (Hudson et al., 2016). As of 2017 there were a total of 233 individuals in zoos or 

institutions across the globe, with 46 being noted as breeding individuals (Garcia, 2017). 

As part of the conservation effort to fend off extinction, several organizations are working 

together in a collaboration of breeding programs called the Mountain Chicken Recovery 

Programme, which includes The Zoological Society of London (ZSL), Chester Zoo, Durrell 

Wildlife Conservation Trust, Nordens Ark, and the governments of Dominica and Montserrat. 

Nordens Ark is the newest partner that recently joined this group but had been working with 

the frogs already since 2007 and created a new breeding facility for the frogs in 2015. A large 

part of the efforts of the program include breeding in captivity in the hopes of releasing them 

back to the wild. Despite efforts, breeding the frogs in captivity has had limited success. ZSL 

and Durrell were able to breed 76 frogs and released 51 frogs back to Montserrat (Vaughan, 

2014) but continue to struggle to reliably produce new frogs in large numbers. Nordens Ark 

has mostly only been successful in nest construction from their four breeding pairs. Four young 

were produced in 2016, with only two of those surviving to adulthood. London Zoo produced 

12 juveniles in 2016 from one nest with a second nest abandoned by the female, Jersey Zoo 

had 7 of 15 survive in 2015, and as of May 2017 Chester Zoo had not had recent breeding 

success (Garcia, 2017). Increasing the captive population is vital, especially as 59 deaths were 

recorded in institutions from 2015 through 2016, with the captive population on a declining 

trend since 2011 (Garcia, 2017). 

It is important to conserve L. fallax, as it is a unique species that is endemic to the Lesser 

Antilles (many Lesser Antilles species are endemic as the islands are far removed from the 

American continents (Malhotra & Thorpe, 1999; Daltry, 2002)). It differs morphologically and 

behaviorally to other Leptodactylids on mainland South America (Daltry, 2002). 

Leptodactylidae is the family group called southern frogs, distributed throughout Central and 

South America up through Mexico and across the Caribbean (Hofrichter, 2000; Cogger & 

Zweifel, 1998). Formerly the family group consisted of 972 species in 50 genera, making it the 

largest amphibian family group, but recent taxonomic changes, notably the reclassification of 

the subfamily Eleutherodactylinae into its own family, means that Leptodactylidae currently 

has 206 species in 15 genera. 

L. fallax has relatively unusual reproduction among other anurans for several reasons. It is a 

terrestrial foam nest building species, constructing burrows underground in which the tadpoles 

are not exposed to significant sources of water at any point in development. Oviposition in 

foam nests has evolved independently in frogs in at least five families (Hyperoliidae, Hylidae, 

Leptodactylidae, Myobatrachidae and Rhacophoridae), consisting of at least 20 genera 

(Hofrichter, 2000), in which nests can be aquatic, arboreal or terrestrial. Most nests are 
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constructed near water sites where tadpoles will develop. Only a few genera have young which 

complete development inside the nest, one which is arboreal (Philautus) and three that are 

terrestrial (Adenomera, Kyarranus and Philoria) (Hofrichter, 2000; Duellman & Trueb, 1994), 

as well as L. fallax. While foam nest construction can vary significantly between species, the 

foam itself is a product of oviduct secretions consisting of mucopolysaccharids which in 

species that do not built foam nests are the same secretions which form the hydrophilic 

gelatinous coating of each egg (Hofrichter, 2000). Depending on the species, males, female, or 

both use their limbs to beat or stir the substance into a frothy foam at the time of mating. 

What makes L. fallax particularly unusual is that parental frogs not only guard the burrow but 

females feed larval young with unfertilized eggs. There are relatively few tadpoles, between 

26-43, which can receive as many as 10-25,000 unfertilized eggs (Gibson & Buley, 2004; Vitt 

& Caldwell, 2009). In other species of terrestrial foam nest builders, larvae in the nest generally 

do not receive external food sources but rather are nourished exclusively from their internal 

yolk (Hofrichter, 2000). 

Recent large scale phylogeny of amphibians suggest that the nearest relatives of L. fallax are 

L. vastus, L. labyrinthicus, L. knudseni, and L. pentadactylus (Pyron & Weins, 2011), and 

historically has been grouped with those in the L. pentadactylus species group (Heyer, 1979). 

Each of these species are mostly terrestrial and create foam nests. But each of the other related 

species are found on the South American continent, L. fallax is the only Leptodactylus species 

on Dominica or Montserrat, (only Eleutherodactylus amplinympha, E. johnstonei, and E. 

martinicensis are native amphibian species which share the islands, and only E. johnstonei is 

also found on both) (Crother, 1999). Foam nests by other species are also constructed so that 

tadpoles will become introduced to water (Vitt & Caldwell, 2009). Of the nearest relatives, 

only L. pentadactylus has evidence of tadpoles remaining within the nest throughout 

development and oophagy of both conspecific and heterospecific eggs (Muedeking & Heyer, 

1976), but the modes of nest construction and young development can vary depending on 

conditions or location (de A. Prado et al., 2002). Other oophagous tadpoles in the genus group 

include L. knudseni tadpoles which feed on conspecific eggs in the same pond, and L. 

labyrinthicus lays unfertilized eggs in the foam nest to feed tadpoles until rain can carry them 

into nearby water (de A. Prado et al., 2002). L. fallax is different in that it is much more 

terrestrial in its reproductive mode, as foam nests are always constructed in burrows, and that 

tadpoles develop entirely within the foam nest relying exclusively on unfertilized eggs from 

their mother until emergence as froglets. While for two South America Leptodactylus species 

the females stay near tadpoles through development (Hofrichter, 2000), it is also unusual that 

both L. fallax males and females protect the foam nest throughout young development. While 

some relatives may share similar characteristics, such as L. fuscus males building terrestrial 

foam nests (Hofrichter, 2000) or L. ocellatus females protecting nests and tadpoles (Cogger & 

Zweifel, 1998), L. fallax is unique in the combination and extent of these characteristics, all of 

which can introduce unique challenges to breeding them in captivity. 

While captive breeding programs are sometimes considered controversial, there has been an 

increase in amphibian captive breeding programs since 2007 after the publication of the 



4 

 

Amphibian Conservation Action Plan (ACAP) by the IUCN SSC Amphibian Specialist Group 

(ASG) and the Amphibian Survival Alliance (ASA). A 57% increase in the number of programs 

representing 77 new species of amphibians over that time (Harding et al., 2016) suggests that 

organizations are using the ark model of conservation to respond to threats of amphibians, but 

reintroduction of species has decreased from 41% to 16% during that same period (Harding et 

al., 2016). Even though amphibians have many traits which may make them relatively 

favorable to captive breeding programs (Griffiths & Pavajeau, 2008), successful programs 

nonetheless face many challenges. 

Nordens Ark holds 22 individuals of L. fallax in a biosecure facility. Four separate reproductive 

enclosures can be used to hold breeding pairs, with the rest of the non-breeding individuals 

housed in two separate enclosures within the same building. Since 2016 only four young have 

been produced by a single breeding pair with only two which survived to adulthood, and the 

only time young were produced were in that first year of breeding in 2016. Since then there 

have been foam nests constructed by multiple breeding pairs but there have been no more viable 

offspring produced. Often the female has left the foam nest, but whether fertilized eggs are 

abandoned as well is not known.   

Aim and Research Questions 

The purpose of this project is to examine environmental factors within the L. fallax enclosures 

at Nordens Ark in order to determine if any one factor, or several together, may be impacting 

on their breeding success. It is hoped that by understanding how environmental factors 

influence foam nests that such factors can be more strictly controlled in order to increase the 

amount of viable offspring and overall frog health. 

Specifically, this project will look at the data gathered by Nordens Ark personnel and perform 

statistical analyses to find those factors which say the most about the data and are significant 

in their influence on foam nests. The main hypothesis of this project is that one or more 

environmental variables will have a significant influence on foam nest viability. Temperature 

is a main variable recorded by Nordens Ark, but is also noted by several authors in relation to 

L. fallax breeding. Gibson & Buley (2004) noted their enclosures were 22-28°C (with 60-80% 

humidity) to reproduce Montserrat’s mountain climate, Hudson et al. (2016) noted 

temperatures for their wild habitat in lowlands Dominica “regularly exceed 28°C”, and Davis 

et al. (2000) noted the inside of burrow cavity “remained at 23°C”, and, as ectotherms, 

temperature is one of the most important factors impacting amphibian breeding and 

development (Duellman & Trueb, 1994). Therefore, a second hypothesis of this project is that 

temperature specifically will have a significant influence on foam nests. Humidity is also an 

important factor recorded in Nordens Ark’s data. Rainfall may be the primary factor initiating 

breeding activity in amphibians (Duellman & Trueb, 1994) and the rainy season may be a 

potential signal to breed for L. fallax in their native habitat (Brooks, 1968; Brooks Jr, 1982; 

Daltry, 2002; Davis et al., 2000; Gibson & Buley, 2004). With the actual amount of water 

pumped through the artificial rain system not being recorded within enclosures, humidity may 
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be the best indicator of simulated rainfall. Therefore, a third hypothesis of this project is that 

humidity specifically has a significant influence on foam nest viability. 

Hypotheses 

To summarize, the hypotheses tested for this project are: 

H1: That there would be a significant influence by one or more variable in relation to foam nest 

construction (length), with the null hypothesis being no significant difference for any 

environmental variables. 

H2: That temperature specifically would have a significant influence on foam nests. The null 

hypothesis being no significant difference for any temperature variable. 

H3: That humidity specifically would have a significant influence on foam nests. The null 

hypothesis being no significant difference for any humidity variable. 
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Method 

Data on L. fallax enclosure conditions and individual frogs was collected by Nordens Ark. 

Excel files for each month were composed by Nordens Ark personnel in which daily 

temperature and humidity readings were recorded, with the minimum and maximum for each 

as well as the current readings during their daily checks on enclosures. Each Excel file included 

separate sheets for different enclosures and noted which individual frogs were located in which 

enclosure (including sex). Daily records began in April of 2016. Notes on certain behaviors 

observed were written when applicable as well as food given to frogs. Starting in June 2016 

daily activities such as calling, feces present, and water bowl were noted, with those activities 

expanded to include calls and sitting out front noted for morning and afternoon daily checks 

by park personnel starting in January 2017. Starting in August 2017 outdoor temperature was 

recorded as well as the indoor temperature for the building where enclosures are located and 

starting in April 2018 barometric pressure was recorded. Foam nest construction and breeding 

behavior was recorded when observed. 

Four breeding enclosures were constructed, but not all enclosures were in constant use. 

Additionally, multiple enclosures for non-breeding frogs were constructed separately from 

breeding enclosures as well as a quarantine enclosure, but as the focus for this study was on 

reproduction only data from breeding enclosures was used for statistical analysis. The odd foam 

nest was seen in a non-breeding enclosure, but since it was unexpected and there are even more 

potential influences affecting this enclosure, such as social interactions between many frogs, it 

was not included in analyses of foam nests. For example, as the nest was there for only a few 

days, it seems more likely that other frogs disturbed parental frogs or the nest rather than other 

environment factors. Stress due to close proximity to other frogs was one concern voiced by 

Nordens Ark in general, but since frogs have been noted as being in high densities in the wild 

(Dawson, 2016; Davis et al., 2000) disturbance from neighboring enclosures seems less likely. 

Initially records were kept primarily to note conditions within enclosures to ensure proper 

habitat requirements, for example that heat lamps were functioning properly. The thermometer 

which reads temperature within each enclosure is roughly 1m off the ground, so while it can 

reflect swings in temperature within the enclosure it may not give precise readings of the exact 

temperature on the ground of the enclosure where the frogs are present. 

Nordens Ark’s data was input into new Excel files so that only those categories which were 

relevant to perform a statistical test were consolidated. Each month of daily records were 

combined into whole years. Maximum and minimum daily records of temperature and 

humidity were used. All records of frog calls, sitting in front, and foam nest construction were 

initially compiled, which only included calls during 2016 starting in June, and two sets of calls 

and sitting in front from January 2017 onwards. Calls and sitting were also noted between frogs 

1 or 2 within each enclosure. In total 24 variables from Nordens Ark were initially included for 

temperature, humidity, weather, food items, calling and sitting. 
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Weight of individual frogs has been kept by Nordens Ark, however weight was measured 

irregularly and varied in time between individuals being weighed, with 10 or less 

measurements taken over the several years of collected data, so that data was considered too 

sporadic to include for statistical tests. 

Since outdoor temperature data was missing from Nordens Ark’s files prior to August 2017, 

and barometric pressure data was missing prior to April 2018, to fill in the missing information 

weather data was obtained from SMHI from the same station that Nordens Ark receives their 

weather information (Väderöarna A).  For those records which were recorded hourly by SMHI, 

the times of 7:00 and 15:00 were selected for in order to be consistent with Nordens Ark 

morning and afternoon time estimations. Additionally, rainfall amount (mm) was obtained from 

SMHI from the nearby station of Heden to include as an additional variable. 

For each time that a foam nest was noted, a “1” was assigned to that day while “0” was given 

for every day without a nest. When a nest was constructed they were always present for at least 

6 days, and the longest up to 44 days. There was a total of 21 different cases of foam nests. 

While each case was assigned a specific day for when it appeared that foam nests were no 

longer present or viable, the exact times were not always clearly noticed or recorded by 

Nordens Ark, so determining nest presence duration was given the best estimate from the 

information available. 

It should be noted that all foam nest data which is assigned for that day is limited to personnel 

presence. If a foam nest was constructed on a day (hypothetically a Monday) but after the last 

check by personnel for that day, then it would normally be recorded the following day 

(hypothetical Tuesday). But since the frogs are most active during the night, this potential time 

discrepancy seems minimal since nocturnal activity like foam nest construction is always noted 

the following morning. 

Each foam nest case was assigned its own unique case number (Table 1) in chronological order 

of the first day nests appeared. In order to examine variables consistently, each case was given 

the same length of days regardless of how long the foam nest was present. Since the longest 

foam nest duration was 44 days (assuming the available information is representative of actual 

nest presence), the length of each case from when foam nests were present was set to 44 days. 

Additionally, the conditions before the foam nest first appeared was important to consider, so 

each case also included 44 days before the foam nest, making the total case length 88 days (see 

Appendix Figure 13). Initially 3 weeks before and after foam nest construction was considered 

for case lengths, but maintaining consistency of including all nest days for every case was 

determined as a more reliable and reasonable option. 
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Table 1. Overview of all case periods of foam nests where a unique case number (column Case) was 

assigned chronologically by when each foam nest was first present (Date start). “Total Days” represents 

the amount of days that particular foam nest was present/viable. “Young” represents the total amount 

of live juveniles which were recovered from the nest. “44d-44d” represents the dates of the entire case 

period, as the longest of all foam nests was 44 days (case 16), time periods of 44 days both before and 

after foam nest presence were assigned for a total case period of 88 days. 

 

 

The variables of frog calls and sitting in front were ultimately excluded from the final analysis. 

The frogs can have different calls (Davis et al., 2000), for example male-to-male or male-to-

female, and since there is no distinction in which type of call it was that was recorded then it 

was determined it may not have predictive value in relation to foam nest construction. 

Similarly, the variable of frogs sitting in front was not included as it seemed too broad a 

behavior to determine nest predictability, there was no distinction between frogs being visible 

to caregivers or whether it was parental frogs protectively guarding nests. Both variables were 

also unreliable indicators as they were limited to the short time periods in which caregivers 

were present at the enclosures to notice calls or sitting in front, there was no way to determine 

if calls or sitting at those times was representative of those behaviors for the entire day. For 

example, if the frogs were sitting in front calling a lot until caregivers entered the building and 

were perhaps startled by human presence so hid and went silent, the recorded information 

would not reflect accurate activity of the frogs. 

While Nordens Ark personnel note whether crickets or grasshoppers are given for any one day, 

these were combined to give a total food amount given for any day. The difference between 

these two food items seems minimal, and grasshoppers are given much less frequently, but 

there may be some subtle unknown difference between them. Food items are regularly coated 
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with supplements, and these are noted by Nordens Ark personnel. Three different types of 

supplements are used: Calcium (Zoo Med calcium without vitamin D3), Arcadia EarthPro 

CalciumPro Mg, and Nutrobal by Vetark. The main differences being that Zoo Med calcium is 

only a calcium powder, Arcadia’s includes magnesium and Nutrobal is a multivitamin. Each 

supplement was assigned a letter (C=Zoo Med calcium, A=Arcadia, N=Nutrobal). If the 

supplement was used at any point during a case period, then the letter would be assigned to that 

case. Each case happened to have at least two different supplements used so had a combination 

of each letter with a maximum of all three being used (ACN) as a category to represent which 

supplements were used during that case period. 

Statistical Tests 

For the final statistical analyses, each case had the response variable as foam nest length (in 

days) and 14 explanatory variables (Table 2; see Appendix Table 5 for values). Cumulative 

amounts were taken for most variables as this could show fluctuations between days which 

means and medians may miss. Additionally, the ratios for maximum and minimum humidity 

were included. Data for all of these variables was transformed with natural logarithm. 

 
Table 2. Final variables used for statistical analyses, with the response variable being foam nests and 
all others being explanatory variables. Each variable is given a shorter abbreviation. 
 

Number of days foam nest present (total) Nest Outdoor temperature average TOA 

Temperature max before (cumulative) TMB Rain before (cumulative) RB 

Temperature max after (cumulative) TMA Barometric pressure before (cumulative) BB 

Temperature min before (cumulative) TMinB Barometric pressure after (cumulative) BA 

Temperature min after (cumulative) TMinA Food items given (cumulative) F 

Humidity max before (cumulative) HMB Food supplements by category Cat 

Humidity max after (cumulative) HMA Ratio max humidity RMH 

Humidity min before (cumulative) HMinB Ratio min Humidity RMinH 

Humidity min after (cumulative) HMinA   

 

A Principle Component Analysis (PCA) was performed in R using ggfortify to visualize the 

variable variation in the data. PCA is a technique used for exploratory data analysis to visualize 

variance present in a dataset. PCA reduces dimensionality of data while keeping as much of 

the variation as possible by converting potentially correlated variables into a set of values of 

linearly uncorrelated variables called principal components (Ringnér, 2008). The first principal 

component has the largest possible variance, which in this case explained 50.6% of the data. 

When plotted with PC2 and compared to foam nest length it seemed to indicate a distinct 

difference (Figure 1). 
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Figure 1. Principal Component Analysis of all logged variables where Principal Component 1 (50.6%) 
is compared to Principal Component 2 (31.96%) with foam nest length color scale. 
 

Given the number of variables in the dataset, it was important to simplify the model in order to 

find those explanatory variables which were most important on influencing the response 

variable of foam nest length. Multiple linear regression tests the influence of two or more 

explanatory variables in relation to a response variable using a linear equation (equation 1), 

where the response variable (y) is determined by the explanatory variables (x), and by the slope 

β (of the intercept β0 and the slopes of the explanatory variables) and by the residual ε, with it 

generally being represented as the summation term (called the linear predictor) which can 

include a number of explanatory variables (Crawley, 2007). 

𝑦𝑖 = ∑β𝑖𝑥𝑖 + ε𝑖  (1) 

 

A multiple linear regression analysis was performed using StepAIC and AIC (Akaike 

Information Criterion). StepAIC is a type of automated model simplification which can remove 

variables from a start model to produce a smaller model which will still say something about 

data. Different results can be obtained depending on the starting model and variables removed. 

Stepwise regression in general considers a variable for inclusion or exclusion from the set of 

explanatory variables at each step, but has received some criticism for creating models that are 
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over simplified, R-squared values that are biased to be high, biased regression coefficients, and 

others (Sribney, 2011). Using StepAIC attempts to correct some of these issues by using 

adjusted R-squared values and penalizing the model for complexity. Simplifying the model 

should not lead to reductions in explanatory power (Crawley, 2007), so finding those models 

which explain most of the data was important. For this reason, roughly 70 different start model 

combinations were tested and compared. 

There are three types of model selection when using stepwise regression: forward selection, in 

which variables that most improve the model are added; backward elimination, which removes 

variables that least improve the model; and bidirectional elimination, which adds variables that 

improve the model but can also remove variables at each stage (Wang et al., 2013). 

Bidirectional elimination was used for StepAIC in this instance. 

In addition to the automated StepAIC, a multiple linear regression analysis using a long form 

of AIC was also performed. In this test, rather than giving StepAIC a start model, each variable 

was added and all combinations of those variables were tested. The combinations of 

explanatory variables were then tested against the response variable using AIC, which 

estimates model qualities relative to each other using trade-offs between goodness of fit and 

model simplicity, in which the smaller the AIC when comparing models then the better the fit 

(Crawley, 2007). Given the amount of possible combinations, computer power limited those 

explanatory variables which were initially included. For this reason, those models which were 

deemed the best models by StepAIC informed which variable combinations should be used. 

Over 20 different start models were tested with the results analyzed in order to determine the 

best model from this process. 

Since multiple linear regression assumes that there is normal distribution, Shapiro-Wilk tests 

were performed on both transformed and untransformed data. It also assumes that variance is 

constant and errors are confined to the response variable which model checking plots indicated 

were acceptable (see Appendix Figure 12). Additionally, an automated assumptions check, 

called gvlma, was performed on reduced models from StepAIC, which checks the linear 

relationship between explanatory variables and the response variable, data skew, kurtosis 

parameter, link function, and heteroscedasticity, and all assumptions were deemed acceptable 

(see Appendix Table 6). 

Besides the results from the multiple linear regression analysis, for each reduced model that 

was produced using both StepAIC and AIC, an analysis of variance (Anova) table was 

produced. Each reduced model was compared to other reduced models produced from different 

variable combinations, with both linear analysis and Anova tables results compared in order to 

try to understand variable relationships and find those explanatory variables which were most 

important on influencing the response variable of foam nest length. 

Ethical Considerations 

Being critically endangered with less than 400 individuals left and only 132 of those in the 

wild, L. fallax is on the verge of extinction. Therefore, it is imperative that caution, skepticism 
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and great care be applied to any conditions which can disrupt the frogs, as any impact, whether 

positive or negative, can significantly affect the entire species. Any change of their local 

environment can have enormous consequences for the individuals, and as so few remain could 

therefore change the fate of the species. 

The mountain chicken is not only one of several endemic species to the Less Antilles (Malhotra 

& Thorpe, 1999), but it is found extensively as a symbol across Dominica, such as on the 

nation’s coat of arms, and is featured in local folklore and proverbs (Tapley et al., 2014). 

Crapaud, as the frog is locally called on Dominica, has a profound cultural significance in 

addition to biological conservation. This can help in the conservation of the species but is also 

an additional reason that the species needs conserving, especially as it is rare that any 

amphibian has such a strong cultural identity for a country. 

The ethics of captive breeding, in general and for amphibians specifically, can be controversial. 

While captive breeding has been used with some success, historically most reintroduction 

efforts have not been effective (Bowkett, 2009; Harding et al., 2016). Keeping wild animals in 

captivity can cause stress on individuals, and it can be difficult to create artificial environments 

that correctly meet their natural requirements. Zoos in particular have the additional issue of 

visitation by the general public which brings more human interaction, an element of the animal 

being used for entertainment, and the commodification of wildlife for profit. Keeping animals 

long term, for multiple generations, in the hopes of saving the species does not seem ideal. 

However, amphibians may be more well suited for captive breeding programs (Griffiths & 

Pavajeau, 2008) and there is broad consensus across conservation organizations of amphibians 

being used in these programs (Bowkett, 2009). But most importantly, endangered amphibians, 

and L. fallax specifically, are facing threats in their natural environments which have devastated 

populations and are currently uncontrolled. Without intervention by conservation groups, the 

population of L. fallax would be even smaller than it is now due to chytrid fungus, if not extinct. 

Captive breeding in these cases is the more ethical option given that it is saving species from 

disappearing entirely forever. With new technologies and wider understanding of what makes 

captive breeding successful, organizations which work with captive breeding are also striving 

to become more effective and better meet the needs of the animals. 

While results of this study show potential environmental variables which influence foam nests, 

those who deal with these frogs on a day to day basis and are experts on the frogs should use 

their depth of knowledge and expertise to best decide how any conditions be set on the ground. 

Anything which results in a change of an environmental condition, such as adjusting 

temperature, should probably in general be gradually introduced to reduce shock to the frogs. 

Before changing any condition, additional measurements should also be taken, such as Nordens 

Ark having additional thermometers that take readings from the ground level or inside burrows, 

to have a more complete and precise picture of how these variables may affect the frogs. 

Having more information, such as from cameras in the enclosures, may say more or may give 

better context to the results presented here. These highly endangered frogs need more attention 
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and resources, and amphibians overall suffer from taxonomic bias which negatively affects 

their conservation. 
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Results 

A Multiple Regression Analysis was performed using the automated StepAIC to determine 

those explanatory variables which best describe the data. Different combinations of variables 

were tested by including or excluding them from the start model input into StepAIC, and the 

results compared against each other in order to understand variable relationships and to ensure 

that the model reduced from StepAIC was indeed the model that best described the data. 

Roughly 70 different combinations of StepAIC were performed. 

The reduced model which was determined to be the best from all the StepAIC tests was:   

Nest ~ TMinB + TMinA + HMA + HMinA + BA + Cat 

This model uses the tilde (~) as a symbolic specification that the response variable is modeled 

as a function of the explanatory variables; in this case foam nest length (response variable) is 

explained by minimum temperature before, minimum temperature after, maximum humidity 

after, minimum humidity after, barometric pressure after and food supplement categories 

(F7,13=3.168, p=0.03468). 

This model was also tested using Anova tables in which both temperature minimum after and 

barometric pressure after were significant (with p values of 0.03519 and 0.04219 respectively). 

Details of these tests for this reduced model can be seen in Table 3 below. 

 
Table 3. Results from the best model produced by StepAIC including Anova values. 
 “**” < 0.01, “*” < 0.05, “.” < 0.1 

 

Variable 

StepAIC     Anova   

Estimate SE t-value p-value  F7,13 p value  

Intercept -1135.1257 499.5586 -2.272 0.04070 *    

TMinB 13.3481 4.7095 2.834 0.01407 * 3.6544 0.07822 . 

TMinA -16.9113 4.7712 -3.544 0.00359 ** 5.5252 0.03519 * 

HMA -3.3457 1.7263 -1.938 0.07464 . 0.2497 0.62562  

HMinA 2.7873 1.4288 1.951 0.07298 . 0.4512 0.51352  

BA 109.1770 49.1299 2.222 0.04464 * 5.0751 0.04219 * 

CatACN 0.5304 0.2887 1.837 0.08910 .    

CatCN 1.1492 0.6061 1.896 0.08041 .    

Cat      3.6108 0.05660 . 

  

Residual standard error 0.4617 on 13 df 

Multiple R2  0.6304  F7,13  3.168 

Adjusted R2  0.4315 p-value  0.03468 

 

Among all the reduced models produced from the 70 different variations of start models, those 

which most closely resembled this best model were also often the most significant. For 
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example, the model which included these variables but excluded the humidity variables (Nest 

~ TMinB + TMinA + BA + Cat) was also significant (but less so) with a p value of 0.04303. 

Similarly, the model which was otherwise the same but included maximum temperature after 

(Nest ~ TMA + TMinB + TMinA + HMA + HMinA + BA + Cat) was nearly significant with a 

p value of 0.05054. Multiple reduced models in which the ratios of maximum and minimum 

temperature were also significant, but including these ratios in further tests were problematic 

and difficult to determine relationships, however they highlight that temperature (especially 

minimum) seems to have the most effect on the models. 

The best models produced from StepAIC were then used as start models for multiple linear 

regression analysis using a long form AIC in order to parse relationships of explanatory 

variables and check that those models from an automated process really are the best models. 

20 different start model combinations were tested. That model which was determined to be the 

best model from this process, with a p value of 0.01173 and all explanatory variables being 

significant, was: 

Nest ~ HMA + HMinA + Cat + TMinB:HMA + TMinB:BA + TMinA:BA 

An Anova table was produced for all models from this process. For the best model, those 

explanatory variables which were significant were TMinA:BA and Cat, with p values of 

0.001129 and 0.049821 respectively. This is similar to the results of the StepAIC model with 

the exception that the combined minimum temperature after and barometric pressure after were 

more significant than individually. The detailed results of these tests for this best model can be 

seen in Table 4 below. 

 
Table 4. Results from the best model of AIC including Anova values. 
 “**” < 0.01, “*” < 0.05, “.” < 0.1 

 

Variable 

AIC     Anova   

Estimate SE t-value p-value  F7,13 p value  

Intercept -133.5836 445.9510 -2.993 0.01038 *    

HMA -4.1710 1.6387 -2.545 0.02441 * 0.1063 0.749600  

HMinA 182.9202 61.6160 2.969 0.01087 * 0.6317 0.440989  

CatACN 0.6588 0.2683 2.445 0.02892 *    

CatCN 0.9388 0.5591 1.679 0.11698     

TMinB:HMA -24.9763 8.5153 -2.933 0.01164 * 3.1232 0.100637  

TMinB:BA 19.0034 6.0451 3.144 0.00777 ** 1.1006 0.313238  

TMinA:BA -1.5307 0.3683 -4.156 0.00113 ** 17.2709 0.001129 ** 

Cat      3.8113 0.049821 * 

  

Residual standard error 0.4183 on 13 df 

Multiple R2  0.6967  F7,13  4.265 

Adjusted R2  0.5333 p-value  0.01173 
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Regardless of which combination of variables were tested, the temperature minimum after 

variable was nearly always either significant (p<.05) or almost significant (p<0.1), standing out 

from other variables as well as being the most significant variable in these best models. 

Temperature minimum after has a negative correlation to foam nest length, meaning that the 

cumulative lower minimum temperature correlates to longer nest length (Figure 2). Notably 

the cumulative minimum temperature after foam nest construction for the case in 2016 when 

there were successful young (case 1) is one of the lowest of all cumulative minimum 

temperature after cases. Additionally, temperature minimum before was often significant. That 

minimum temperature was more significant and included in more reduced models than 

maximum temperatures seems to suggest lower temperatures have greater influence on foam 

nests. 

Cumulative barometric pressure after was also significant. This variable has a positive 

correlation to foam nest length, so that higher air pressure correlates to longer nest length. What 

this means for real world interactions is difficult to determine, made more complicated by the 

fact that it seems counter intuitive to minimum temperature (Figure 4), but is further explored 

in the Discussion section below. 

Food supplement categories were often significant or near significant. Most notably when the 

multivitamin Nutrobal was absent, foam nest length was shorter (Figures 2-4). This suggests 

that Nutrobal, or some vitamin or nutrient contained in that supplement, could be important to 

foam nest viability and possible explanations are explored in the Discussion section below. 

Since multiple explanatory variables were significant, the primary null hypothesis can be 

rejected. Since TMinA was significant for multiple tests, and TMinB was also significant in 

several tests, the secondary null hypothesis can also be rejected as temperature specifically had 

significant influence on foam nests. While humidity after (both maximum and minimum) was 

significant from AIC, it was not significant in Anova tests nor for StepAIC, nor was it 

significant for most other combinations of start models for those tests. However, those models 

do say more when humidity is included so it does seem to play some role in foam nest viability. 
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Figure 2. Scatterplot in which foam nest time in days (y-axis) is compared to the most significant 
explanatory variable from the best model from StepAIC (x-axis), temperature minimum after 
(cumulative amount) (F7,13=5.5252 p=0.03519). Points represent case periods with each case number 
given under the point. Colors represent food supplement categories AC (red), ACN (green), CN (blue) 
where A=Arcadia, C=Calcium, N=Nutrobal. 
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Figure 3. Scatterplot in which foam nest time in days (y-axis) is compared to the best model from AIC 
(x-axis), HMA+HMinA+TMinB*HminA+TMinB*BA+TMinA*BA (F7,13=4.265 p=0.01173). Points 
represent case periods with each case number given under the point. Colors represent food 
supplement categories AC (red), ACN (green), CN (blue) where A=Arcadia, C=Calcium, N=Nutrobal 
(F7,13=3.8113 p=0.049821). 
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Figure 4. Scatterplot in which foam nest time in days (y-axis) is compared to the most significant 
explanatory variable from best model from AIC (x-axis), Temperature Minimum After * Barometric 

Pressure After (F7,13=17.2709 p=0.001129). Points represent case periods with each case number 
given under the point. Colors represent food supplement categories AC (red), ACN (green), CN (blue) 

where A=Arcadia, C=Calcium, N=Nutrobal (F7,13=3.8113 p=0.049821). 
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Discussion 

Even though it seems that foam nest time length can be correlated to multiple variables, it 

should be remembered that correlation does not equal causation. Meaning that it cannot be 

definitively said from these tests that any one variable, or some combination, cause foam nests 

durations to be longer or shorter. 

It should also be stressed that duration of foam nests as a response variable may not be the best 

indicator for overall health of the foam nests or the best way to help determine why the females 

left the nests. While it was assumed for the tests that longer foam nest time was a positive 

effect, in reality it may be that too long of foam nest duration may be just as negative an effect 

as too short a duration. This can be seen in that the only time that there were young the foam 

nest length was 22 days, while the longest was twice that at 44 days and yet still did not result 

in young. Additionally, shorter foam nest durations may give the frogs time to try again with 

subsequent foam nests possibly being more successful, acting as sort of a trial run or false start, 

whereas longer foam nests which still do not produce young leave less time in the season for 

another attempt by that frog pair. However, that so many nests were abandoned early and that 

environmental factors seem to influence foam nests suggests that those variables which have 

the most significance on nest length are important to consider for nest viability. 

Since the transition from the dry season to rain season seems to be a signal to the frogs to begin 

mating (Brooks, 1968; Brooks Jr, 1982; Daltry, 2002; Davis et al., 2000; Gibson & Buley, 

2004), the imitation of such periods in artificial enclosures may be vital to successful breeding. 

In general, these seasons are a notable part of their habitats, the western side of the island of 

Dominica has a more pronounced dry season than the east due to the high mountains of the 

island keeping Atlantic moisture on the eastern side, and the frogs are only found on the western 

side (Malhotra & Thorpe, 1999). While humidity may give a loose indication of rain simulation 

amount, it would be useful to have precise measurements of the amount of water that is used 

for rain simulation. The rain simulation used in Nordens Ark is fairly sophisticated to allow 

regular timed occurrences of rain, with rain simulation able to be adjusted for each enclosure 

independently. The volume of water used for each enclosure during any particular time period 

could be tracked closely, and that information could be valuable to determining foam nest 

construction and viability. Since rain seems to be a strong signal for L. fallax mating, 

fluctuations in rain amount may be more informative than humidity for nests and offspring. 

Similarly, how the “rain” is introduced to enclosures could have an impact. Since water enters 

the enclosures as mist from the side of the enclosures rather than as drops from above may be 

a subtle but important distinction if rain is indeed a signal for mating. Since Montserrat and 

Dominica have pronounced dry and rainy seasons (Brooks Jr, 1982; Daltry, 2002; Malhotra & 

Thorpe, 1999), hard rain may be interpreted by the frogs as the start of the rain season as 

opposed to mist or light moisture. Historical average monthly rainfall is as much as 136-396mm 

(Dominica) and 114-304mm (Montserrat) per month (World Bank, 2015) in wild habitats, so 

ensuring artificial rainfall amounts are sufficient could be vital for the frogs.  
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Temperature may be a signal for the frogs to mate during the transition from dry season to rain 

season as well as being a factor that directly influences reproduction. Temperatures are lower 

in the dry season (Guarino et al., 2014) and increase in the wet season (Brooks, 1968). In that 

way, seasonal temperature changes from low to high may be just as important as an increase in 

rainfall or humidity in artificial enclosures. Similarly, type or availability of food may be a 

signal for the frogs of the different seasons, as food abundance may be lower during dry seasons 

(Brooks Jr, 1982; Guarino et al., 2014). It has been observed that a close relative of L. fallax, 

L. pentadactylus, has seasonal reproduction that may be better explained by food availability 

than by rainfall (Galatti, 1992). While it seems from the tests in this study that environmental 

factors seem to say the most together, it is difficult to determine the exact relationships. 

Since 2016 was the only year in which there were successful young, focusing on those 

conditions which have changed may increase the likelihood of producing young. It was noted 

by Kristofer Försäter at Nordens Ark that rain simulation was changed in 2016 in relation to 

wet and dry seasons, switching it back to how it was may be more favorable. Humidity during 

case 1 when there were offspring was in general more constant and higher overall than it was 

during later case periods. Indeed, humidity was higher during the spring/summer of 2016 

overall than it was at any point in subsequent years. Minimum humidity prior to June 2016 was 

often higher than even maximum humidity at the end of 2016 and into 2017. 

Given that minimum temperature after foam nest construction is both the most significant 

variable, and the variable which is most consistently significant regardless of variable 

combinations, it is recommended that the environmental factor which is most closely monitored 

and controlled is minimum temperature once foam nests are present. Ensuring that temperature 

is optimal in the immediate time when eggs are laid is important to ensure successful 

production of young, as early stages of embryonic development have less tolerance to 

temperature disturbance than later stages (Duellman & Trueb, 1994). 

That not just minimum temperature after but also before was significant shows the importance 

of temperature for the frogs. Notably the cumulative minimum temperature before was the 

lowest for case 1, nearly the lowest after, and that even the cumulative (and average) maximum 

temperature before was lower than any other case (see Appendix Table 5). This seems to 

suggest that the overall temperature should be lowered during breeding seasons. This seems 

counterintuitive since breeding is generally in late spring through summer but when considered 

in context of wild frogs, lower temperature may be important as a consequence of other weather 

conditions, such as rainfall. Temperature in their wild Caribbean habitat is relatively constant 

(Figures 6-8), so seasonal variation may be most marked by rain rather than temperature. But 

temperature and moisture each affect one another. Whether the frogs are responding directly to 

the temperature changes or using temperature changes as signals for other weather conditions 

is difficult to determine but may be irrelevant when controlling indoor environments for 

specific behavior responses since the response may be the same regardless. As ectotherms it is 

logical to assume that temperature has an enormous impact on amphibian behavior including 

reproduction and is reasonable to presume that it can play the biggest role of other 

environmental variables. 
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Of those amphibian species which have been studied, embryos normally develop within the 

temperature range of 15 to 20°C (Duellman & Trueb, 1994). Foam nests of Leptodactylids are 

themselves a product of evolutionary adaptation partly to high seasonal temperatures and 

humidity, in order to reflect the lower temperatures of the frogs’ diurnal retreats (Duellman & 

Trueb, 1994). Davis et al. (2000) noted that the inside of a burrow cavity of L. fallax was a near 

constant 23°C. Yet temperature must not be too low, as too low of temperatures can greatly 

decrease or cease larval development (Duellman & Trueb, 1994). Similarly, too high of 

temperatures can have negative effects on certain species, but tolerances of temperature 

fluctuations varies by species. This can be seen in an example between two Leptodactylus 

species; L. chaquensis ceases spermatogenic and oogenetic cycles at low temperatures and 

cessation of spermatogesis at too high of temperatures, while gametogenetic activity of L. 

ocellatus shows no seasonal variation (Duellman & Trueb, 1994). Those species whose habitats 

are stenothermic may not have embryonic adaptations to a broad range of temperatures, and so 

are less tolerant to temperature changes (Duellman & Trueb, 1994). Since the islands of 

Dominica and Montserrat have relatively constant temperatures, and L. fallax is limited to only 

smaller sections of each island, it may be safe to assume that it has a relatively narrow range 

of temperature tolerances and so temperatures within breeding enclosures should be as close 

as possible to wild conditions. 

When compared to wild habitats, it seems possible that Nordens Ark temperatures within 

enclosures may be too high. While maximum temperatures may occasionally exceed 35°C on 

Dominica, maximum temperatures are typically within the 30-35°C range (Figure 6). 

Compared to Nordens Ark, maximum temperatures regularly are closer to 35°C and have 

frequently exceeded it (Figure 5). But more striking is the comparison of minimum 

temperatures. At Nordens Ark, minimum temperatures are often around 30°C (Figure 5), while 

on Dominica minimum temperatures are frequently around 20-25°C (Figure 6). That there is a 

larger difference between maximum and minimum temperatures in the wild while there is a 

smaller difference at Nordens Ark may have a big impact on the frogs. Differences between 

maximum and minimum temperatures may also reflect differences between night and day 

temperatures, which can have effects on the frogs which are mostly nocturnal. It could be that 

mating behavior at night is affected by nighttime temperatures within enclosures which are too 

close to daytime temperatures. The most notable exception to Nordens Ark temperatures can 

be seen in early 2016 when both minimum and maximum temperatures were lower, and more 

closely reflected wild habitats, and this was the only time that they had successful young. That 

minimum temperature was the most significant variable from the tests performed suggests that 

this may be reflecting that minimum temperature should be slightly lower within enclosures. 

Most recent cases of foam nests had much higher minimum temperatures than previous case 

periods, one of which was that case with the shortest foam nest duration (6 days) having the 

highest cumulative minimum temperature of any case period (see Appendix Figure 14). 
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Figure 5. Maximum (orange) and minimum (yellow) temperatures (°C) for breeding enclosure 1 at 

Nordens Ark from April 2016 to August 2018, where the y-axis shows temperature with each line 

representing 5°C and the x-axis showing time. 

 

 

Figure 6. Maximum (orange) and minimum (yellow) temperatures (°C) of Dominica from April 2016 to 

September 2018, where the y-axis shows temperature with each line representing 5°C and the x-axis 

showing time. Data from NOAA. Missing data in the beginning of 2018 can be seen in the straight lines 

which represent the mean of the two points between gaps. 
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Similar to minimum and maximum temperatures, monthly average temperatures differ between 

Nordens Ark and wild habitats. There is a noticeable curve separating the seasons on wild 

habitats (Figure 7-8), where the dry season has lower average monthly temperatures. Nordens 

Ark does not appear to have this difference in temperature between seasons (Figure 9). In 

addition, the monthly average temperatures at Nordens Ark are much higher, in nearly all cases 

exceeding 30°C, while all months for both Dominica (Figure 7) and Montserrat (Figure 8) are 

well below 30°C. The only exception for Nordens Ark is that enclosures 1 and 2 are lower for 

the month of April, but this is best explained by the fact that records began starting in April 

2016, and temperatures were initially much lower (Figure 5) and only those two enclosures 

were used until 2017. This cyclical pattern in wild habitats also follows the dry and wet seasons 

and so may be more important to imitate within artificial enclosures than keeping enclosures 

at constant temperatures within this range. 

 

Figures 7-8. Historic average monthly temperatures of Dominica (left) and Montserrat (right) from 1991 

to 2015, where the y-axis represents average temperatures (°C) and the x-axis represents months in 

the year. Data from The World Bank Climate Change Knowledge Portal (World Bank, 2015). 

 

Figure 9. Average monthly temperatures of breeding enclosures at Nordens Ark from April 2016 to 

August 2018, where the y-axis shows average temperatures (°C) and the x-axis shows months. Color 

bars represent breeding enclosures; blue for enclosure 1, red for enclosure 2, yellow for enclosure 3 

and green for enclosure 4. 
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Barometric pressure was also a significant explanatory variable. When compared to wild 

habitats, there are noticeable differences compared to the barometric pressure at Nordens Ark. 

In general, the air pressure is much more erratic in Sweden than it is in Dominica with regular 

occurrences of pressure being both higher and lower than it is in Dominica (Figures 10-11). 

Dominica pressure is much more constant and stable. There seems to be a slight curve in 

Dominica which follows the dry and wet seasons, similar to average temperatures (Figure 7), 

but such seasonal variation is harder to make out for Nordens Ark’s air pressure. Regulating 

barometric pressure within enclosures may be difficult or impractical, but since those variables 

which had the most significance were when air pressure had multiplicative effects (rather than 

linear) on minimum temperatures, it may be that Nordens Ark needs to increase or decrease 

temperature during large dips or spikes of barometric pressure in order to make up for the large 

losses of the effects on the frogs.  

However, parsing the relationships of barometric pressure and other variables has been 

difficult. While lower barometric pressure may indicate an incoming storm, it would then be 

expected that the variable of rainfall amounts (mm) would also be as important (more or less) 

as barometric pressure, or otherwise show a connection in the models, but this did not seem to 

be the case. Barometric pressure before was also not as significant as barometric pressure after. 

Barometric pressure after showed a positive correlation to foam nest length, meaning the higher 

the (cumulative) pressure the longer the foam nest length, which not only seems 

counterintuitive to assumptions of rainfall amounts but is more complicated by its relation to 

temperature. Minimum temperature after together with barometric pressure after was the most 

significant variable (Table 4), yet minimum temperature after has a negative correlation to foam 

nest length (Figure 2). In general, cold air is associated with lower pressures, so how foam 

nests could be more highly influenced by both lower minimum temperatures and higher air 

pressure is difficult to determine. One possibility is that air pressure acts as a sort of regulator 

on temperatures, since too low of temperature can be negative to frogs but keeping 

temperatures low enough to stay within the margins of the conditions for which the frog has 

evolved to live being beneficial. Or, since air pressures are more extreme in Sweden compared 

to wild habitats (Figures 10-11), it could be that high pressures more closely reflect native 

conditions rather than the much lower low pressures that Sweden can experience, or that high 

pressures represent more stable conditions. Air pressures also seem to be lower during the 

winter in Dominica (Figure 11) so cumulative pressure amounts may help indicate seasons for 

the frogs. Altitude may also play some role in air pressure, since L. fallax can be found as high 

as 300-400m in native environments (IUCN, 2008; Malhotra & Thorpe, 1999) while Nordens 

Ark is around 50m above sea level. Regardless, air pressure is probably much more difficult to 

regulate within enclosures than other environmental variables and so attempting to ensure other 

variables are closer to natural conditions may be more realistic. 
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Figure 10. Barometric pressure (mbar) at Nordens Ark from April 2016 to August 2018. Blue lines 

present morning readings and orange lines present afternoon readings, when not taken from Nordens 

Ark personnel times of 7:00 and 15:00 were used. Data from SMHI. 

 

 

Figure 11. Barometric pressure (mbar) on Dominica from April 2016 to September 2018. Blue lines 

represent sea level pressure (SLP) and orange lines represent pressure readings from the weather 

station (STP). Data from NOAA. 
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Food supplement categories were nearly significant (p<0.1) in multiple tests and significant 

(p<0.05) for multiple tests. That those case periods which did not include Nutrobal (by Vetark) 

were in general shorter than those with Nutrobal suggests that one or more vitamins in the 

supplement are positive for reproduction so it is suggested that Nutrobal be used during the 

breeding season. A recent study by Jayson et al. (2018) compared captive diets to wild diets of 

L. fallax, and found that in general the wild diet was more varied, so like many captive anurans 

there are nutritional components both under and over represented. Overall, the captive frogs 

had higher gross energy and crude fat but lower ash, calcium and calcium:phosphorus ratio 

than the diets of wild L. fallax frogs. Nutrobal is specifically marketed to help maintain 

calcium:phosphorus ratios. One additional nutrient which Nutrobal has that may be particularly 

relevant is vitamin A. Vitamin A deficiencies in amphibians can cause poor reproductive 

success, reduced tadpole survival and immune system dysfunction (Ferrie et al., 2014). It is not 

known if L. fallax can convert carotenoids to vitamin A, and while vitamin A levels were below 

measurable levels when studying captive and wild diets of invertebrate prey it is assumed that 

the true wild diet includes vertebrate prey which have a higher vitamin A content as well as 

provitamin A carotenoids that were not measured (Jayson et al., 2018). Since captive frogs in 

general have a less varied diet than wild frogs, Nordens Ark’s frogs may benefit from including 

additional species of invertebrates rather than crickets/grasshoppers (Jayson et al., 2018; 

Nicolson et al., 2017), especially during the early part of the rainy season when breeding is 

expected. 

Other variables than the ones tested in this study may prove to be more useful or better 

indicators of foam nest health and reproductive success. This study only looked at extrinsic 

factors which impact on foam nests, but intrinsic factors (such as genetics, metabolism, 

hormones and others) can say just as much, if not more, about amphibian reproduction and 

development (Duellman & Trueb, 1994). Additional extrinsic factors not included could also 

have large influences, such as soil composition within enclosures, potential exposure to 

chemicals or pH levels. UV radiation can have large impacts on amphibian health, with some 

species being sensitive to too high of exposure, but lack of UV-B can disrupt vitamin D3 

synthesis causing metabolic bone disease or other health problems, with a recent study on UV-

B health in captive L. fallax frogs recommending regular radiography in conjunction with 

proper diet for optimal health (Tapley et al., 2015). Behavior variables which were not tested 

may also be important for determining foam nest viability. Calls may be an important indicator, 

as it can alert staff that mating is starting and which individuals are attempting to mate, and 

which may also be linked to specific environmental conditions at those moments that calls are 

initiated. It has been noted that courtship calls not only start at a specific time of year in relation 

to the transition from dry season to rainy season, but also that advertisement calls are less 

frequent on drier nights (Davis et al., 2000). However, for it to be useful information, all staff 

that are recording frog data need to be able to differentiate between types of calls, as male to 

female courtship calls are distinct from male to male calls and female calls differ from male 

calls but also female response calls differ from female initiation calls (Davis et al., 2000). To 

be useful indicators calls also need to be able to be recorded at all times of the day or for longer 
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periods, not just when staff are present. In a similar way frogs sitting in front of burrows may 

be a useful indicator but only if there is some easily discernible differentiation between 

protective stances by frogs guarding a nest and when frogs are otherwise just sitting in the open 

within their enclosures, and again such behavior needs to be somehow recorded more 

consistently rather than only when personnel happen to see them during their daily rounds. 

There may be subtle factors which are hard to detect and yet have a big impact on frog 

reproduction. In 2016, the breeding pair at Nordens Ark which successfully had young were 

held in quarantine prior to being put in a breeding enclosure. The quarantine enclosure used 

was a terrarium that was smaller than the open breeding enclosures, and had lower temperatures 

and humidity as well as water being applied by hose rather than the mist from a rain system. 

The same test methods used here for the 88 day case periods were used on extended case 

periods of 126 days in order to include some of the time spent in the quarantine enclosure, but 

no variable was significant and reducing the model using StepAIC did not provide a simpler 

model. It was determined that these time periods were too long, meaning that any variations 

and fluctuations in the explanatory variables would be muted by the noise in the data, for 

example the lower temperatures in the quarantine enclosures was not significantly lower due 

to the volume of days where temperatures were higher, those subtle differences become lost or 

homogenized during longer case periods. Yet the frogs could have been in an unintentional 

aestivation during this period or somehow affected by the differences between the conditions 

in the two enclosures. That those were the frogs whose breeding in that year was the only 

instance of successful young suggests something about the quarantine enclosure could have 

had an impact, but determining what exactly is difficult without further tests and data. It also 

begs the question of how long prior to foam nest construction these conditions impact the 

success of young, as the quarantine period ended in May and the first day the nest appeared 

was July 20, 2016. Even if some condition in the quarantine period subtly impacted the 

breeding pair, it seems unlikely that something else is not affecting the frogs within the breeding 

enclosures more during the time periods when the frogs leave the nests or the nests are no 

longer viable. 

One of the biggest things which could help the reproductive success of the frogs is for Nordens 

Ark to invest in automated video cameras to record the frog activity at night. As the frogs are 

most active during the night, personnel are absent when the most important activity they could 

observe is taking place. Seeing how the frogs interact on an individual basis during mating 

could provide new insights into their behavior. If nest construction is able to be recorded it 

could provide vital information on the precise conditions in the enclosure and a detailed look 

at what the frogs specifically are doing when they are constructing the nests and so help 

determine what could aid them. While environmental conditions are important for nest 

construction, cues given by frogs may be more helpful, but additionally those cues will inform 

caregivers whether those environmental factors are ideal. Being able to determine if frogs 

giving mating calls at night or attempting to mate without success or when exactly a female 

leaves a nest is much more important information, and without that information then data such 

as temperature and humidity will always have an element of uncertainty since how those 
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conditions affect the frogs at the moments of reproductive activity is unknown. Cameras not 

only provide missing data but also are a non-invasive way to monitor frogs in general, they can 

help reduce human exposure by caregivers and so reduce potential stress. Since these frogs are 

not only nearly extinct in the wild but also that recovery programs are struggling to have 

success, it is strongly urged that Nordens Ark invest in cameras. Even though all conservation 

efforts are in need of funding, cameras are relatively inexpensive and, in this case, could 

dramatically increase the chance of the survival of the species. 

Comparing factors that influence species closely related to L. fallax or share similar 

reproductive traits may reveal potential ways to improve breeding. For example, L. 

pentadactylus is similar both morphologically and is documented having terrestrial foam nests 

(de A. Prado et al., 2002), but has a more robust population and is more widely distributed than 

L. fallax making research potentially easier. More research of the mountain chicken is needed 

in general, but especially in relation to the captive breeding program. For the species to avoid 

extinction, it needs to rapidly increase its population. The wild population is nearly nonexistent, 

it needs to be bolstered by reintroduced individuals in order to sustain enough numbers for 

continued survival. Without new offspring being produced, not only can the wild population 

not be helped but eventually captive numbers will also decrease as the population ages, since 

adult frogs only live up to 9-12 years (Guarino et al., 2014; Mountain Chicken Recovery 

Programme, n.d.). The species depends not just on keeping captive individuals healthy but also 

on maximizing the potential for young to be produced. Without fully understanding the 

complexities of the reproduction of this species, it is difficult for the breeding programs to be 

efficient and reliably successful. Amphibians in general are under-represented in research and 

conservation despite their threats, they need more resources and attention. 

 



30 

 

Acknowledgements 

Thank you to Nordens Ark for the access to their data, for answering questions and providing 

information, for the time given for this project and for the opportunity to work with such a 

special species. Thank you to Jenny Loberg for the kind introduction to the facility and working 

with students at HIS. Thank you especially to Kristofer Försäter whose personal knowledge of 

these frogs helped give important details throughout this project and whose noticeable passion 

for herpetology inspired me throughout the project. 

Thank you to Jenny Lennartsson for all the constructive feedback and encouragement. 

Thank you to Niclas Norrström. Thank you for the help through the statistics, for working out 

problems and taking time to walk through issues. Thank you for reading my long emails and 

always answering not only timely but helpfully, thoughtfully and kindly. I could not have done 

it without your help. 

Thank you to Högskolan i Skövde and the government of Sweden, which allowed me the 

opportunity to go back to school and receive a quality education, which I never would have 

otherwise been able to get.  

Swedish weather data comes from SMHI. Dominica and Montserrat weather data from NOAA 

and The World Bank Climate Change Knowledge Portal. 

All statistics were performed using RStudio Version 1.1.456 with R version 3.4.4 on Linux 

platform Ubuntu 16.04 LTS. Spreadsheets and tables were compiled with LibreOffice Calc. 

 

  



31 

 

References 

Aldred, J. (2016, July 4). Caribbean island’s last two rare frogs are reunited. The Guardian. 

Retrieved June 10, 2018 from 

http://www.theguardian.com/environment/2016/jul/04/caribbean-islands-last-two-rare-frogs-

are-reunited-mountain-chicken-frogs 

 

Alroy, J. (2015). Current extinction rates of reptiles and amphibians. Proceedings of the 

National Academy of Sciences, 112, 13003–13008. doi:10.1073/pnas.1508681112 

 

Berger, L., Speare, R., Daszak, P., Green, D. E., Cunningham, A. A., Goggin, C. L., … Parkes, 

H. (1998). Chytridiomycosis causes amphibian mortality associated with population declines 

in the rain forests of Australia and Central America. Proceedings of the National Academy of 

Sciences of the United States of America, 95, 9031–9036. 

 

Blaustein, A. R., Han, B. A., Relyea, R. A., Johnson, P. T. J., Buck, J. C., Gervasi, S. S. and 

Kats, L. B., (2011). The complexity of amphibian population declines: understanding the role 

of cofactors in driving amphibian losses, Annals of the New York Academy of Sciences, 

1223:112, 30/3/2011, doi:10.1111/j.1749-6632.2010.05909.x 

 

Bonnet. X., Shine, R., Lourdais, O. (2002). Taxonomic chauvinism. Trends in Ecology & 

Evolution, 17, 1–3. 

 

Bowkett, A. E. (2009). Recent captive‐breeding proposals and the return of the ark concept to 

global species conservation. Conservation Biology, 23, 773-776. 

 

Brooks, G. R. (1968). Natural history of a West Indian frog, Leptodactylus fallax. Virginia 

Journal of Science, 19, 176. 

 

Brooks Jr, G. R. (1982). An analysis of prey consumed by the anuran, Leptodactylus fallax, 

from Dominica, West Indies. Biotropica, 301-309. 

 

Ceballos, G., Ehrlich, P. R., Barnosky, A. D., García, A., Pringle, R. M., & Palmer, T. M. 

(2015). Accelerated modern human–induced species losses: Entering the sixth mass extinc-

tion. Science advances, 1, e1400253. 

 

Cogger., H. & Zweifel., R. (1998). Encyclopedia of Reptiles and Amphibians (2nd ed). Sydney, 

AU: Weldon Owen Pty Limited. 

 

Crawley, M. J. (2007). The R Book. Chichester: John Wiley & Sons Ltd. 

 

Crother, B. I. (1999). Caribbean Amphibians and Reptiles. San Diego, CA: Academic Press. 

 

Daltry, J. C. (2002). Mountain chicken monitoring manual. Fauna & Flora International, 

Cambridge, and the Forestry and Wildlife Division, Dominica. 

 

Davis, S. L., Davis, R. B., Arlington, J., & Talyn, B. C. P. (2000). Reproductive behavior and 

larval development of Leptodactylus fallax in Dominica, West Indies. Herpetological Review, 

31, 217. 

 



32 

 

Dawson, J. (2016, July 16). Montserrat mountain chicken translocation blog part 3. Mountain 

Chicken Recovery Programme. Retrieved June 12, 2018 from 

http://www.mountainchicken.org/blog/montserrat-mountain-chicken-translocation-blog-part-

3/ 

 

de A. Prado, C. P., Uetanabaro, M., & Haddad, C. F. B. (2002). Description of a New 

Reproductive Mode in Leptodactylus (Anura, Leptodactylidae), with a Review of the 

Reproductive Specialization toward Terrestriality in the Genus. Copeia, 2002, 1128–1133. 

 

Duellman, W. E., & Trueb, L. (1994). Biology of Amphibians. JHU press. 

 

Ferrie, G. M., Alford, V. C., Atkinson, J., Baitchman, E., Barber, D., Blaner, W. S., ... & 

Fleming, G. (2014). Nutrition and health in amphibian husbandry. Zoo biology, 33, 485-501. 

 

Fisher, M. C., Garner, T. W., & Walker, S. F. (2009). Global emergence of Batrachochytrium 

dendrobatidis and amphibian chytridiomycosis in space, time, and host. Annual review of 

microbiology, 63, 291-310. 

 

Galatti, U. (1992). ''Population biology of the frog Leptodactylus pentadactylus in a Central 

Amazonian rainforest.'' Journal of Herpetology, 26, 23-31. 

Garcia, G. (2017). Mountain chicken frog EEP updates May 2017. Chester Zoo MCRP Partners 

Meeting. [Powerpoint slides] 

 

Gibson, R. C., & Buley, K. R. (2004). Maternal care and obligatory oophagy in Leptodactylus 

fallax: A new reproductive mode in frogs. Copeia 2004: 128–135 

 

Griffiths, R. A., & Pavajeau, L. (2008). Captive breeding, reintroduction, and the conservation 

of amphibians. Conservation Biology, 22, 852-861. 

 

Guarino, F. M., Garcia, G., & Andreone, F. (2014). Huge but moderately long-lived: age 

structure in the mountain chicken, Leptodactylus fallax, from Montserrat, West Indies. The 

Herpetological Journal, 24, 167-173. 

 

Harding, G., Griffiths, R. A., & Pavajeau, L. (2016). Developments in amphibian captive 

breeding and reintroduction programs. Conservation Biology, 30, 340-349. 

 

Heyer, W. R. (1979). Systematics of the pentadactylus species group of the frog genus 

Leptodactylus (Amphibia, Leptodactylidae). Smithsonian Contributions to Zoology, 301, 1–

43. 

 

Hof, C., Araújo, M. B., Jetz, W., & Rahbek, C. (2011). Additive threats from pathogens, climate 

and land-use change for global amphibian diversity. Nature, 480, 516–519. 

doi:10.1038/nature10650 

 

Hofrichter, R. (2000). The Encyclopedia of Amphibians. Ontario, CA: Weltbild Verlag GmbH. 

 

Hudson, M. A., Young, R. P., Jackson, J. D., Orozco-terWengel, P., Martin, L., James, A., … 

Cunningham, A. A. (2016). Dynamics and genetics of a disease-driven species decline to near 

extinction: lessons for conservation. Scientific Reports, 6, 30772. doi:10.1038/srep30772 



33 

 

 

Hudson, M. (2016, August 19). How we’re saving the mountain chicken frog from one of the 

world’s worst wildlife diseases. The Conversation. Retrieved June 8, 2018 from 

http://theconversation.com/how-were-saving-the-mountain-chicken-frog-from-one-of-the-

worlds-worst-wildlife-diseases-64033 

 

IUCN. (2008). Leptodactylus fallax: John Fa, Blair Hedges, Beatrice Ibéné, Michel Breuil, 

Robert Powell, Christopher Magin: The IUCN Red List of Threatened Species 2010: 

e.T57125A11586775 [Data set]. International Union for Conservation of Nature. 

doi:10.2305/IUCN.UK.2010-2.RLTS.T57125A11586775 

 

IUCN. (2017). IUCN Red List Status - Amphibians on the IUCN Red List. The IUCN Red List 

of Threatened Species, version 2017-3. Retrieved June 25, 2018 from 

http://www.iucnredlist.org/initiatives/amphibians/analysis/red-list-status 

 

Jayson, S., Ferguson, A., Goetz, M., Routh, A., Tapley, B., Harding, L., ... & Dawson, J. (2018). 

Comparison of the nutritional content of the captive and wild diets of the critically endangered 

mountain chicken frog (Leptodactylus fallax) to improve its captive husbandry. Zoo biology, 

37, 332-346. 

 

Lips, K. R., Brem, F., Brenes, R., Reeve, J. D., Alford, R. A., Voyles, J., … Collins, J. P. (2006). 

Emerging infectious disease and the loss of biodiversity in a Neotropical amphibian 

community. Proceedings of the National Academy of Sciences of the United States of America, 

103, 3165–3170. doi:10.1073/pnas.0506889103 

 

Malhotra, A. & Thorpe, R. S. (1999). Reptiles and Amphibians of the Eastern Caribbean. 

Oxford, UK: Macmillan Education. 

 

McMenamin, S. K., Hadly, E. A., & Wright, C. K. (2008). Climatic change and wetland 

desiccation cause amphibian decline in Yellowstone National Park. Proceedings of the National 

Academy of Sciences, 105, 16988–16993. doi:10.1073/pnas.0809090105 

 

Monastersky, R. (2014). Biodiversity: Life – a status report. Nature News, 516, 158. 

doi:10.1038/516158a 

 

Mountain Chicken Recovery Programme (n.d.). Species Fact Sheet. Retrieved June 10, 2018 

from http://www.mountainchicken.org/species/ 

 

Muedeking, M. H., & Heyer, W. R. (1976). Descriptions of Eggs and Reproductive Patterns of 

Leptodactylus pentadactylus (Amphibia: Leptodactylidae). Herpetologica, 32, 137–139. 

 

Murray, K. A., Skerratt, L. F., Speare, R., & McCALLUM, H. (2009). Impact and Dynamics 

of Disease in Species Threatened by the Amphibian Chytrid Fungus, Batrachochytrium 

dendrobatidis. Conservation Biology, 23, 1242–1252. doi:10.1111/j.1523-1739.2009.01211.x 

 

Nicolson, D. J., Tapley, B., Jayson, S., Dale, J., Harding, L., Spencer, J., ... & Cunningham, A. 

A. (2017). Development of in-country live food production for amphibian conservation: The 

Mountain Chicken Frog (Leptodactylus fallax) on Dominica, West Indies. Amphibian and Rep-

tile Conservation. 

 



34 

 

O’Hanlon, S. J., Rieux, A., Farrer, R. A., Rosa, G. M., Waldman, B., Bataille, A., … Fisher, M. 

C. (2018). Recent Asian origin of chytrid fungi causing global amphibian declines. Science, 

360, 621–627. doi:10.1126/science.aar1965 

 

Pyron, R. A., & Wiens, J. J. (2011). A large-scale phylogeny of Amphibia including over 2800 

species, and a revised classification of extant frogs, salamanders, and caecilians. Molecular 

Phylogenetics and Evolution, 61, 543–583. doi:10.1016/j.ympev.2011.06.012 

 

Ringnér, M. (2008). What is principal component analysis? Nature Biotechnology, 26, 303–

304. doi:10.1038/nbt0308-303 

 

Rosenthal, M. F., Gertler, M., Hamilton, A. D., Prasad, S., & Andrade, M. C. (2017). 

Taxonomic bias in animal behaviour publications. Animal Behaviour, 127, 83-89. 

 

Sribney, B. (2011). What are some of the problems with stepwise regression. StataCorp.  

Retrieved December 10, 2018 from http://www. stata. com/support/faqs/statistics/stepwise-

regression-problems/ 

 

Stuart, S. N., Chanson, J. S., Cox, N. A., Young, B. E., Rodrigues, A. S., Fischman, D. L., & 

Waller, R. W. (2004). Status and trends of amphibian declines and extinctions worldwide. 

Science, 306, 1783-1786. 

 

Suislepp, K., Rannap, R., & Lõhmus, A. (2011). Impacts of artificial drainage on amphibian 

breeding sites in hemiboreal forests. Forest Ecology and Management, 262, 1078–1083. 

doi:10.1016/j.foreco.2011.06.001 

 

Tapley, B., Harding, L., Sulton, M., Durand, S., Burton, M., Spencer, J., ... & George, M. 

(2014). An overview of current efforts to conserve the critically endangered mountain chicken 

(Leptodactylus fallax) on Dominica. Herpetological Bulletin, 128, 9-11. 

 

Tapley, B., Rendle, M., Baines, F. M., Goetz, M., Bradfield, K. S., Rood, D., ... & Routh, A. 

(2015). Meeting ultraviolet B radiation requirements of amphibians in captivity: A case study 

with mountain chicken frogs (Leptodactylus fallax) and general recommendations for pre‐re-

lease health screening. Zoo biology, 34, 46-52. 

 

Van Rooij, P., Martel, A., Haesebrouck, F., & Pasmans, F. (2015). Amphibian chytridiomycosis: 

a review with focus on fungus-host interactions. Veterinary Research, 46. doi:10.1186/s13567-

015-0266-0 

 

Vaughan, A. (2014, September 12). Mountain chicken frogs offspring return to Caribbean 

home. The Guardian. Retrieved June 8, 2018 from 

http://www.theguardian.com/environment/2014/sep/12/mountain-chicken-frogs-offspring-

airlifted-to-caribbean-home 

 

Vitt, L. J. & Caldwell J. P. (2009). Herpetology: An Introductory Biology of Amphibians and 

Reptiles (3rd ed.). Amsterdam, NL: Elsevier 

 

 



35 

 

Wang, M., Wright, J., Buswell, R., & Brownlee, A. (2013, August). A comparison of 

approaches to stepwise regression for global sensitivity analysis used with evolutionary 

optimization. In Proceedings of the BS2013, 13th Conference of International Building 

Performance Simulation Association, Chambéry, France (pp. 26-28). 

 

World Bank. (2015). The World Bank Climate Change Knowledge Portal (CCKP). Retrieved 

November 25, 2018 from 

http://sdwebx.worldbank.org/climateportal/index.cfm?page=downscaled_data_download&m

enu=historical 

 

 

 

  



36 

 

Appendix 

Table 5. Values of the final variables used for statistical analyses. Besides case numbers, total days of foam nests, outside temperature averages and food 

supplement categories, all other variables used cumulative amounts over case periods. 
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Figure 12. Automated diagnostic plots to check the assumptions of multiple regression, performed on 
the best model from StepAIC. Residuals vs Fitted checks the linear relationship assumption. Normal 
Q-Q helps determine if the residuals are normally distributed. Scale-Location checks 
heteroscedasticity. Residuals vs Leverage helps identify outliers and high leverage points. All 
assumptions were deemed acceptable. 
 
Table 6. Results of gvlma automated test which checks the assumptions of multiple regression, 
performed on the best reduced model from StepAIC. 
 

 Value p-value Decision 

Global Stat 1.2204 0.8747 Assumptions acceptable 

Skewness 0.4509 0.5019 Assumptions acceptable 

Kurtosis 0.4954 0.4815 Assumptions acceptable 

Link Function 0.0410 0.8395 Assumptions acceptable 

Heteroscedsticity 0.2331 0.6292 Assumptions acceptable 
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Figure 13. Time table showing case periods for the duration of the dataset, where each line (y-axis) represents each case plotted over time (x-axis) from April 
2016 to August 2018. Red bars represent days in which there was a foam nest present, dark blue lines represent 44 days before foam nest appeared while 
teal lines represent 44 days from when foam nests first appeared and after, with the combined lines (88 days) representing the entire case period tested. 
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Figure 14. Bar graph showing cumulative minimum temperature after (x-axis) in relation to foam nest length by days (y-axis) where each bar represents a 
case period (labels on top). Shown with case periods in chronological order. Red represents the hottest overall minimum temperature after, orange warm but 
slightly less so, yellow cooler and blue the coolest. Temperature minimum after has a negative correlation to foam nest length. 


