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Overview 

 
Amphibians have striking colour pattern variations 

that are presumed, but rarely demonstrated, to have a 

role as anti-predator defense. When such signals are 

honest, they must be associated with toxicity that 

actually deters predators. However many organisms 

use mimicry to leverage the honest predator 

avoidance of neighbouring aposematic species and 

thereby avoid the costs of endogenously generating 

toxins. Therefore ecological and genetic insights to 

phenotypic variability are simultaneously a question of 

individual potential and community context. In 

amphibians, the association between colouration, 

abiotic/biotic environmental context, mimicry, and 

toxicity is compelling but poorly understood. 

 

Smooth newts (Lissotriton vulgaris) and great crested 

newts (Triturus cristatus) possess striking ventral 

yellow/orange colour patterns. When threatened by 

predators both species will display the colouration as 

a predator avoidance strategy. Great crested newts 

endogenously produce poisonous secretions from 

specialised glands that they use in predator defence 

and are distinctly distasteful to predators. However, 

smooth newts are not known to possess any toxicity 

glands so the bright ventral colouration is thought to 

mimic that of other toxic amphibians, such as great 

crested newts. In addition, the bright ventral colours 

in smooth newts are highly variable in their brightness 

which may impact on their effectiveness to deter 

predators (Fig. 1). Male smooth newts often have 

more brightly coloured ventral patterning compared 

to females, which may also implicate a role of sex 

differences in predator defence.  

 

To date, no research has ascertained whether the 

ventral patterning on smooth newts has a genetic 

basis and whether colours vary amongst populations. 

In addition, no research has determined whether 

individuals with brighter ventral colouration have 

more effective predator defence compared to those 

with duller ventral patterns, or if males suffer less 

predation compared to females. Similarly, no work has 

been carried out on the great crested newt to 

determine whether individuals with brighter 

https://www.gla.ac.uk/researchinstitutes/bahcm/staff/kathrynelmer/
https://www.gla.ac.uk/researchinstitutes/bahcm/staff/kathrynelmer/
http://biology.st-andrews.ac.uk/contact/staffprofile.aspx?sunid=oeg
http://biology.st-andrews.ac.uk/contact/staffprofile.aspx?sunid=oeg
https://www.froglife.org/


 

  

patterning possess a greater toxicity and if these have 

higher predator defence. 

 

New ‘omics tools are opening a range of exciting 

possibilities in seeking to understand the adaptive 

functions of colour variation. For example, our recent 

work on another species, the fire salamander in 

Europe, found significant associations between colour 

and genomic variation, indicating that colour is a 

genetically based trait and generating a suite of 

candidate genes for future, more detailed, 

investigation.  

 

This project will break new ground in our 

understanding of the genetic basis of the ventral 

colour patterning, toxicity and effectiveness of 

predator defence in great crested newts and smooth 

newts. Using these species, the research will ask: 

1. Is colour variation associated with toxicity of skin 

secretions in great crested newts?  

2. What are the environmental factors associated 

with variation in colour in smooth newts and 

great crested newts?  

3. What are the associations between genomic 

variation and colour in smooth newts and great 

crested newts? 

4. Do smooth and great crested newts with brighter 

ventral patterning have greater effectiveness at 

predator defence? 

 

To address these questions requires an integrative 

and multidisciplinary approach spanning genomic and 

evolutionary analyses, chemical analyses of toxins, 

geographic information and landscape genomics, and 

colour variation in the natural environmental context. 

This project will further test the genetic vs 

environmental component of colour pattern variation 

using experimental approaches on captive populations.  

 

 
Methodology 
 

This project involves state of the art approaches 

combined with ecological and genomic study in 

natural environments.  

 

Fieldwork will be carried out in Peterborough, UK 

with CASE partner Froglife, which have several sites 

with high populations of smooth and great crested 

newts. There will be extensive opportunity for the 

student to develop and refine field sampling 

techniques, species identification, phenotyping, and 

molecular approaches. 

 

Genomic analyses will be conducted using genome-

wide next-generation sequencing approaches and 

bioinformatic pipelines for non-model organisms. This 

is made possible by the existing resources and 

expertise established in the PI’s group. 

 

Analytical methodologies will identify population 

genetic patterns and significant association of loci with 

colour and patterning phenotype, using Bayesian and 

machine learning approaches. Environmental 

information will be combined with field data on 

habitat for landscape genomic approaches. Population 

level analyses will query genomic-phenotypic-

environmental co-variations to infer associations. The 

student will work closely with the co-I in St Andrews 

for advanced genomic-environmental data analysis, 

including an extended research visit during data 

analysis in year 2. 

 

Individual-level metabolomic profiling will be 

conducted on great crested newt skin toxins to infer 

the steroid chemical composition of the secretions 

using gas chromatography–mass spectrometry. 

Comparisons between colour and biochemical profile 

of the secretions will be conducted across multiple 

population replicates. The student will work with co-I 

Burgess at Glasgow Polyomics to characterise and 

analyse metabolomics profiles. 

 

Experimental laboratory studies will rear smooth 

and great crested newt larvae in the presence or 

absence of predators to determine whether this has 

an effect on ventral colouration, toxicity, and 

antipredator behaviour in juveniles.  

 

Other collaborations:  

This project will be conducted in close collaboration 

with one non-IAPETUS2 co-investigator, Dr. K. 

Burgess, Head of Metabolomics at Glasgow 

Polyomics, Univ. Glasgow. Burgess will train the 

student in relevant protocols for metabolomics 

profiling.  

 

 
Timeline 
 

Year 1: Molecular lab work and sequencing; data 

analysis; field collections. 

Year 2: Analysis of genomic-phenotypic-

environmental relationships; metabolomics data 

collection; experimental work rearing newt larvae. 

Fig. 1. 

Examples of 

variation in 

ventral 

colour 

pattern in 

smooth 

newts. 
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Year 3: Analysis of metabolomics and genomics; 

experimental manipulations. 

Year 3.5 (half year): Data analysis; dissemination of 

results by high impact publications and presentation at 

conferences. 

 

 
Training & Skills 
 

The student will train with internationally esteemed 

researchers to acquire a breadth of skills necessary to 

pursue a career in quantitative biology: amphibian 

fieldwork, colour analysis in the visible and non-visible 

spectrum, skills in molecular biology for high 

throughput sequencing, and learn cutting edge genomic 

approaches for understanding relationships between 

phenotypic, environmental, and genotypic variation.  

 

Froglife will provide valuable training in species 

surveying and identification in the field (Fig. 2). This will 

involve night torching, netting and bottle trapping to 

capture newt species from ponds in the natural 

environment. These skills are highly sought for careers 

in ecological consultancy and surveying.  

 

PI Elmer is expert in adaptation and ecological ‘omics 

of natural populations, including amphibians. Co-I 

Gaggiotti is expert in statistical analysis of adaptation 

and genome-environmental association studies. Co-I 

Burgess is expert in chemical analysis with 

metabolomics and has conducted a previous project on 

amphibian toxicity. The project will be based in 

Glasgow, where the student will join a successful, 

active, and vibrant research community at an institution 

of high national and international standing. The data 

analysis and communication skills gained in this project 

will have key relevance for employability in 

conservation, academia, biotech, or government 

research. 
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Further Information 
 

For questions please contact Dr. Kathryn Elmer, 

Kathryn.Elmer@glasgow.ac.uk or +44 141 330 6617 

 

 

Fig. 2. Student researchers will be trained in 

field sampling techniques for newt species. 
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