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  Abstract 

 

As many amphibian populations are facing global decline, the great crested newt 

(Triturus cristatus) is of particular conservation interest in Britain following a 

widespread loss of numbers in the twentieth century. This thesis aimed to study the 

population dynamics of great crested newts within a breeding pond in Lincolnshire 

between 2011-2019. Bottle traps were used to capture newts with digital photography 

used to identify individual newts from their unique ventral pigmentation pattern. A 

total of 1,163 individual newts were identified across the eighty-six trapping events 

conducted across the entire study period. The Schnabel method was used to estimate 

population size, which was found to remain relatively stable throughout the study 

period, averaging around 500 adult newts per year. In comparison, the Jolly-Seber 

method, which is deemed more appropriate for this particular population, showed a 

steady increase in population size across the study period. Analysis of the sex ratio 

showed a slight male bias with ordinal day and year showing an effect on number of 

females caught but having no impact on male numbers.  

Age estimates of 28 and 23 years were calculated for male and female newts 

respectively, which are higher than any previous longevity estimates of this species. 

These estimates allowed age specific effects to be studied. Snout to vent length (SVL) 

measurements tended to be longer in females and increased with age before beginning 

to decline at around 16 years for males and 22 years for females. Mass was also found to 

initially increase before plateauing at around 5 years of age and declining later on. 

Likewise condition scores increased in younger animals until reaching around 16 years 

of age when a decline in condition began.  Within the breeding season, mass and 

condition decreased as ordinal day increased, with females losing mass at a faster rate 

than males. Ventral pigmentation increased with age before gradually slowing and 

remaining steady from around 17 years of age onwards. Despite pigment development 

it still remained possible to identify individual newts from their ventral pigmentation.  
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Lateral profiles of male newts were studied to determine the effects of age on 

crest shape. Characteristics in shape were found to be different between younger and 

older males with these same characteristics subsequently lost as age increased further 

suggesting that male attractiveness may possibly wane with old age. No differences in 

crest shape were found relating to condition, mass or SVL however the small sample 

size used may not have allowed these variables to be explored fully.  

The major strength of this study is the rich, long-term data set that has been 

gathered which allows a deep level of analysis to provide insight into specific dynamics 

of a well-established population. By gaining information on T. cristatus, a protected 

species, we can provide a basis for further survey work to ensure the most appropriate 

levels and techniques of protection are afforded to the habitats required. In particular 

the change in pigmentation of great crested newts with growth could benefit from 

further survey and analysis as this is a relatively understudied area of newt 

morphology. 
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Chapter 1 – General Introduction 

 

1.1 General introduction 

Following reports of catastrophic declines of amphibian species worldwide 

(Gardner et aI., 2007; Houlahan et aI., 2000; Lips et aI., 2004; Pounds et aI., 2006) the 

need for both local and regional empirical studies to examine these trends is of high 

importance. This introductory chapter aims to review conservation issues in 

amphibians in general before focussing in on the great crested newt. Looking at global 

amphibian decline and conservation as a whole can provide a useful step towards 

understanding the intricacies and complexity of conserving a single species and can 

provide possible explanations for the range of data explained within this thesis.  

1.2 Global amphibian decline  

Global biodiversity loss is occurring at unprecedented rates and is an 

increasingly concerning international issue, with loss of species and ecosystem 

degradation likely to continue to accelerate (Bongaarts, 2019).   According to the 

International Union for the Conservation of Nature (IUCN) 40% of amphibian species 

assessed are threatened with extinction. Of the three taxonomic orders of amphibians, 

caudata (newts and salamanders) are the most significantly threatened with 47% of 

species currently threatened or extinct globally (Stuart et al., 2004).  

Some conservationists argue that amphibian decline may be of particular 

significance due to their ability to indicate the status of environmental health (Wake & 

Vredenburg, 2008). As they live in both aquatic and terrestrial habitats, amphibians are 

exposed to a wide range of environmental factors (Dunson et al., 1992). This coupled 

with their fully permeable skin, thus allowing them to absorb chemicals and radiation, 

leaves amphibians very sensitive to their environment and any changes occurring 

within it (Rowe et al., 2003). Whilst there has been debate as to how reliable and 

accurate the use of amphibians as environmental indicators may be (Pechmann & 

Wilbur, 1994; Halliday, 2000; Beebee and Griffiths, 2005), it does not diminish the fact 

that Amphibia as a whole appear to be rapidly declining worldwide (Stuart et al., 2004).  

Several reasons for amphibian decline have been studied, and whilst it is rarely a 

singular cause, the most common threats are outlined below: 
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1.1.2 Habitat destruction, agrochemicals and chemical pollution 

The loss of habitat through human activities has been well documented and is 

often found to be a significant factor contributing to amphibian decline (Carr & Fahrig, 

2001; Bowne & Bowers, 2004; Houlahan & Findlay, 2003). Urban development, 

modernised agricultural practices and drainage of ponds have all been noted as primary 

causes for destruction of amphibian habitat whilst loss of aquatic areas has shown to be 

more detrimental to amphibian survival than terrestrial habitat loss (Hilton-Brown & 

Oldham, 1991). Considerable habitat destruction within the Northern Hemisphere 

occurred in the mid-20th century following development of intensive arable farming 

that involved clearing great areas of previously natural habitats, often including 

breeding sites for native amphibians (Kolozsvary and Swihart, 1999; Ray et al., 2002). 

Today’s amphibian populations are also impacted by road traffic especially during 

migration to and from breeding sites (Hels and Buchwald, 2001) where exposure to 

roads is increased.  

Alongside habitat degradation, widespread use of fertilisers and pesticides has 

also negatively affected amphibians and has been suggested as one of the major drivers 

of amphibian decline (Agostini et al., 2020). Exposure to chemicals used within certain 

fertilisers and pesticides has been shown to have detrimental effects such as decreased 

or abnormal growth and development, increased susceptibility to various diseases and 

altered behaviours (Egea-Serrano et al., 2012). The susceptibility to these effects seems 

to differ depending on the developmental stages at which individuals are contaminated 

but can affect amphibians at all life stages (Greulich and Pflugmacher, 2003). Acid 

precipitation has been shown to affect amphibians in a similar way to the outlined 

pollutants with embryos and larvae being especially susceptible to effects of low pH 

(Pierce, 1987).  

However all of these factors do not account for amphibian declines that have 

occurred in relatively pristine areas that are not directly subject to human influence. 

Also the full consequences of such factors may take several decades to develop so 

discerning the full effects upon populations often takes time (Beebee and Griffiths, 

2005).   
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1.1.3 UV-B radiation 

Depletion of the ozone layer occurring as a result of human activity has greatly 

increased the ambient levels of UV-B radiation reaching Earth’s surface especially at 

high altitudes. This type of radiation has been found to have several effects on 

ecosystems, with some proving beneficial and others believed to be a factor in 

amphibian species decline (Blaustein and Wake, 1995). These affects vary among 

species and life stages. For example, embryos of some species die when exposed to low 

levels of UV-B radiation whilst others seem to show no obvious effects when exposed to 

much higher levels of the radiation. Other studies have shown UV-B radiation can have 

lethal and sub-lethal effects such as immune dysfunction and inhibited growth rates 

(Blaustein et al., 2001). However, many declining amphibian species and populations 

are not exposed to such high levels of UV-B as more mountainous species so it is likely 

that effects of UV-B may vary significantly between species, regions and life stages so 

should not be considered as a single cause of amphibian decline. 

 

1.1.4 Diseases 

Certain diseases often show dramatic mass mortality within amphibian species 

and results can be easily seen when the population is large. Much research has focused 

on two main threats facing amphibians: chytridiomycosis and ranaviral disease. 

Chytridiomycosis is a fungal disease caused by the chytrid fungus Batrachochytrium 

dendrobatidis, which has been found in Australia, Africa, the Americas, Europe, New 

Zealand and Asia (Berger et al., 1998; Daszak et al., 1999; Weldon et al., 2004; Bosch et 

al., 2006; Lips, 2016). In certain amphibian populations, this disease has been shown to 

cause 100% mortality whilst other species appear less susceptible and a smaller 

percentage of death has been recorded (Daszak, Cunningham and Hyatt, 2003). 

Ranavirus infections have also been implicated as a contributing factor to global 

amphibian decline, with severity of disease outbreaks recorded in the UK thought to 

have increased due to climate change (Price et al., 2019). This shows that again, disease 

is unlikely to be a sole cause of population decline and instead is often linked to other 

factors occurring alongside.  
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1.1.5 Introduced invasive species 

Detrimental effects on amphibian populations as a result of alien species have 

been widely documented (Kiesecker & Blaustein, 1998; Gillespie, 2001; Kiesecker et al., 

2001; Nystrom et al., 2002) in an array of species. Increases in competition and 

predation from introduced species lead to reduced growth and mortality alongside 

possible alterations in habitat use or behaviour (Kats & Ferrer, 2003; Kiesecker, 2003).  

Predation from invasive fish has been well documented within amphibians 

including a variety of newt species (Griffiths, 1996; Denoel et al., 2005). Breeding 

populations of crested newts in Europe have been dramatically reduced or eliminated 

entirely following the introduction of salmonid fish for game purposes (Orizaola & 

Brana, 2006). Crested newt larvae are especially vulnerable to fish predation, possibly 

due to both size and their habit to swim in open areas where they are easily detected by 

predators (Griffiths, 1996).  

Following roach introduction in Sweden, declines in smooth newt numbers were 

documented alongside a shift in age distribution. The population consisted of a higher 

proportion of older individuals following predation of larvae and younger newts, which 

lead to lower recruitment levels and therefore a continuing decline in population 

(Stenson and Aronsson, 1995). 

 

1.1.6 Exploitation 

Little data is available on the threat posed to amphibians through direct 

exploitation by humans. Amphibians have long been collected and killed for food 

consumption (Jennings & Hayes, 1986; Lannoo et al., 1994) with the majority of these 

individuals being sourced from wild populations, often in Asia (Beebee & Griffiths, 

2005). 

 

1.1.7 Climate change 

Whilst global climate change has been widely studied, its impacts on amphibians 

are often misunderstood (Blaustein et al., 2001; Pechmann & Wilbur, 1994; Salvidio, 

2011). It is widely suggested that climate change will negatively affect amphibians due 

to a combination of factors such as increased UV-B radiation and disease (D’Amen & 

Bombi, 2009; Lips et al., 2005). Tropical regions in particular may experience 

amphibian decline as a result of climate change, with unusually warm years leading to 
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changes in disease dynamics, now deemed the “climate-linked epidemic hypothesis” 

(Pounds et al., 2006). Within central Spain this effect has also been noted, with 

increases in temperature promoting the growth of Batrachochytrium dendrobatidis, 

leading to increases in infected amphibians (Bosch et al., 2006).  

In palmate newts (Lissotriton helveticus) higher water temperatures have been 

found to have a detrimental effect to female fecundity (Galloy et al., 2010) and could 

therefore potentially affect population dynamics, recruitment and size if climate change 

warms natural water sources. In the UK climate change has led to an increase in the 

frequency of warm, wet winters with male great crested newts having shown a lower 

estimated annual survival during these mild winter air temperatures and higher rainfall 

outside of the aquatic phase (Griffiths et al., 2010). Beebee (1995) and Chadwick et al. 

(2006) found the arrival of the first newts to breeding ponds is becoming earlier in the 

season with the likelihood that this shift in arrival times is climate related. 

However, it is unclear how significant the role of climate change in loss of 

amphibian species may be (Alexander and Eischeid, 2001) and further research is 

required to examine the long-term effects that climate change and its associated factors 

have on amphibian decline.  

 

1.2. The Great Crested Newt  

1.2.1 Classification and Description 

The great crested newt (Triturus cristatus) is a newt in the family Salamandridae, 

comprising of 74 distinct species currently identified. Whilst being widespread 

throughout much of Britain (excluding Ireland where it is absent), T. cristatus can also 

be found in northern and central Europe and parts of Western Siberia. Great crested 

newts are the UK’s largest newt species with mature adults reaching an overall length of 

up to 200mm, although average measurements tend to be approximately 120-130mm 

for females and 110-120mm for males (Langton et al., 2001). Females are usually 

heavier at around 8-10g, with males often being measured at a slightly lighter 6-9g 

(Jehle et al., 2011).  

The skin of T. cristatus is granular in appearance varying from black to dark 

brown with dark spots on the dorsal area and fine white spots on the lower flanks of the 

animal (Langton et al., 2001). Males can be easily distinguished in the breeding season, 

displaying a jagged crest along the dorsal length of the back and tail continuing along 
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the ventral side of the tail until reaching the abdomen. This crest can be up to 15mm in 

height whilst the newt is in water and lies against the body whilst on land and is 

accompanied by a silver/white band stretching laterally along the tail. The male cloaca 

is swollen and black whereas in females the cloaca and underside of the tail possess the 

same orange-yellow colouring as the rest of the ventral side. Females also lack both the 

crest and tail stripe and instead have a yellow-orange stripe running along the bottom 

edge of the tail. Other sexually dimorphic characteristics can be seen in tail length, 

which tends to be shorter in males despite them displaying longer fingers and toes to 

females. 

 

1.2.2 Life cycle 

Great crested newts enter torpor in terrestrial hibernacula during winter before 

migrating to an aquatic environment to begin reproduction. The migration commences 

between February and April with the first individuals entering ponds when night air 

temperatures are above 4-5°C (Langton et al., 2001). Newts use several cues to orient 

their migratory direction including visual and olfactory senses, Earth’s magnetic field 

and celestial information, such as the position of the moon, stars and sun (Hayward et 

al., 2000; Diego-Rasilla and Luengo, 2002). They have also been known to use calls of 

anuran species such as the common toad (Bufo bufo), which have similar breeding 

periods in order to locate a pond for reproduction (Madden and Jehle, 2017). In order to 

enhance their reproductive success male newts tend to arrive to the pond a few days 

before females and are usually the first to leave at the end of the season (Verrell & 

Halliday, 1985; Arntzen, 2002).  

The great crested newt diet is mainly comprised of invertebrates with prey 

including earthworms and other annelids, insects, snails and slugs on land whilst 

aquatic invertebrates, tadpoles and frogspawn are favoured during the aquatic phase 

(Kuzmin 1991; Langton et al., 2001). In terms of predation themselves, adult newts tend 

to avoid predators during the terrestrial phase due to their hidden nature although they 

are sometimes consumed by higher level predators such as birds, snakes and small 

mammals (Langton et al., 2001). To combat predation, great crested newts adopt a 

curled up posture to display their bright ventral colouring as a warning whilst 

increasing skin gland activity in order to secrete a milky skin toxin as a deterrent 

(Kupfer & Teunis, 2001). 
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1.2.3 Mating and Reproduction 

During the breeding season male great crested newts perform an elaborate 

courtship display whereby the male uses body movements and pheromones to attract a 

mate (Halliday, 1990). Following internal fertilisation, female newts lay around 250 

eggs individually, wrapped in leaves or other submerged plants within the water 

(Miaud, 1994). Of these eggs 50% of the embryos will fail to hatch due to a chromosome 

abnormality causing them to die within the first two weeks of development (Langton et 

al., 2001). For the remaining eggs that do hatch, larvae are produced of around 12mm 

long, growing to 70mm before metamorphosis occurs (Langton et al., 2001). Larval 

growth is heavily influenced by prey availability with their food source consisting of 

aquatic invertebrates and small larval amphibians. As the limbs develop and body 

colour darkens, the larvae complete metamorphosis when their gills and tail fins are 

resorbed into the body and the juvenile newt is formed (Langton et al., 2001).. If 

conditions are unfavourable, some smaller larvae may overwinter in the pond, using 

this time to continue growth and will subsequently metamorphose during the following 

spring. Juveniles have been shown to leave the pond in a non-random, directional 

manner (Malmgren, 1999) and will forage both on land and in water where they return 

each year until reaching sexual maturity at around 2-3 years of age (Jehle & Arntzen, 

2000). They then begin the reproductive cycle. 

 

1.2.4 Maturation rates 

Maturation and growth rates of great crested newts vary depending on 

geographic location, which is often associated with differences in other life history traits 

such as fecundity and longevity (Diaz-Paniagua and Mateo, 1999). Using 

skeletochronology several populations of T. cristatus have been assessed within Europe 

with various differences between lifespan, age of maturity and body sizes found within 

different locations. Scandinavian newts have been shown to reach maturity at around 3-

5 years (Hagstrom, 1977; Dolmen, 1983) whilst in central and Western Europe 

maturation tends to occur around 2-3 years of age, with faster growth rates and a larger 

size at maturity also observed (Jehle & Arntzen, 2000). T. cristatus in central Norway 

were found to be smaller and mature at a later age than their more southern Norwegian 

counterparts (Dolmen, 1983). In terms of lifespan it has been seen within several 

amphibian species that those from higher altitudes and more northern latitudes tend to 
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reach higher ages than those from lower elevations or more southern latitudes (Stark 

and Meiri, 2018). Great crested newts have been found to reach maximum estimated 

ages of 17 years for males in Eastern France with female newts living to 16 years 

(Miaud et al., 1993). Adjacent populations within the same geographical location have 

also shown widely differing age structures (Miaud et al., 1993) which could be due to 

several factors including irregular recruitment levels or environmental factors such as 

differing water temperatures affecting growth rate across ponds.  

 

1.2.5 Body size in T. cristatus 

Great crested newts display indeterminate growth therefore leading to an 

assumption that body size and age are positively correlated (Duellman, 1989). This 

provides a basis for further research from an evolutionary perspective such as the 

relevance of body size within mate choice (Halliday & Verrell, 1988; Duellman and 

Treub, 1985). If larger males are favoured as mates, females will inadvertently 

reproduce with older individuals whose longevity may have some genetic and heritable 

factors (Howard 1978; Halliday 1988; Duellman, 1989). However, amphibians tend to 

display accelerated growth prior to reaching sexual maturity, after which the growth 

rate declines (Marvin, 2001; Sever et al., 2001). This may lead to larger adult size being 

more influenced by juvenile growth rate as opposed to overall age of the individual 

(Halliday & Tejedo, 1995; Baker, 1999). 

Body size has been found to vary substantially within mature adults of species 

that display indeterminate growth (Arntzen, 2000). One contributing factor may be that 

natural selection favours reproduction occurring at an early age. However, larger 

individuals may be able to produce more offspring so early reproductive activity may 

reduce growth and therefore diminish lifetime reproductive success (Arntzen, 2000). 

 

1.2.6 Population Dynamics 

T. cristatus exist within metapopulations, which are thought to be local 

populations that inhabit spatially distinct habitat patches (Moilanen & Hanski, 1998). 

The presence of metapopulations may reduce extinction risk by connecting ponds with 

suitable terrestrial habitats and allow for the immigration of individuals from 

neighbouring ponds (Jehle et al., 2011). The dynamics of these linked populations can 

help stabilise fluctuations in population sizes (Pechmann & Wilbur, 1994) although as 
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amphibian breeding ponds are often completely isolated from each other there is some 

debate as to whether they constitute true metapopulations (Jehle, 2000). 

Density dependence has been reported as a key driver of amphibian population 

dynamics (Altwegg, 2003; Harper & Semlitsch, 2007) and has the potential to create 

effects at multiple life history stages (Harper and Semlitsch, 2007). Density dependence 

occurs when the growth rate of a population increases or decreases with population 

density in response to processes such as competition or disease (Turchin, 1999; Băncilă 

et al., 2015). Negative effects of density on population growth rates have been found 

(Cayuela et al., 2020) during the adult stage of T. cristatus populations with effects on 

survival and recruitment appearing to be more variable. 

Widespread negative effects of density on population sizes may be due to density 

dependent mechanisms at larval and juvenile stages. Large populations tend to have 

high larval numbers which can negatively affect larval growth, survival and 

postmetamorphic performances such as reduced body size at metamorphosis (Scott, 

1994; Cayuela et al., 2020). This may in turn lead to a reduction in juvenile recruitment 

and a subsequent reduction in population size (Ousterhout & Semlitsch, 2016; Vonesh & 

De la Cruz, 2002). 

Previous studies have demonstrated that great crested newts populations often 

display large fluctuations in population size between years. During a capture-recapture 

study in Sweden, Hagstrom (1979) observed a halving of a T. cristatus population from 

500 to 230 adults over two consecutive years. More long-term studies have also noted 

fluctuations in the population sizes of this species with a great crested newt population 

in northwest France displaying a size ranging from 16 to 346 individuals over a six-year 

period (Arntzen and Teunis, 1993). Cooke (1995) observed annual counts of great 

crested newts of one particular metapopulation in England ranging from 3 to 183 using 

visual counts, which were concluded to reflect the changes in population size overall 

but may have also been related to differing survey intensity.  

There are several likely explanations for such varied fluctuations in T. cristatus 

population sizes dependent on the metapopulation in question. Predation may often 

cause varied changes in individual numbers. Miaud et al. (1993) found that the 

introduction of predatory catfish leads to population extinction over one breeding 

season despite the population previously doubling in size over one year. Juvenile 

recruitment may be higher in certain years leading to population fluctuations (Arntzen 
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and Teunis, 1993; Griffiths et al., 2010) with factors such as the drying out of ponds, 

predation, cannibalism and competition affecting the addition of juvenile newts to an 

established population (Langton et al., 2001).  

Adult survival rates often vary between years due to a range of factors. Climatic 

conditions such as warmer weather and milder, wetter winters (Beebee, 1995; Reading, 

1998, 2007) will often affect population sizes. Weather conditions have been suggested 

as important drivers of amphibian population dynamics (Cayuela et al., 2016; Muths et 

al., 2017. Waterlogged soils caused by high rainfall have been linked to impaired 

amphibian respiration during overwintering in ponds (Cayuela et al., 2020) which may 

therefore detrimentally affect the larval and immature great crested newts that spend 

their winters in breeding ponds as opposed to in a terrestrial habitat. High rainfall may 

also have negative effects during the breeding season as it may increase energetically 

demanding activities such as migration, searching for mates and competition which may 

lead to increased mortality rates (Cayuela et al., 2020).  However weather variation may 

have less of an effect at the subpopulation and population levels as previously thought 

and is likely to be heavily context dependent (Cayuela et al., 2016, 2017; Muths et al., 

2017).  

In a wide range of studies annual survival rates have been estimated to range 

greatly between 25–100% across different locations and years (Baker, 1999; Arntzen 

and Teunis, 1993; Griffiths et. al, 2010). Adults appear to generally experience higher 

survival than juveniles as is to be expected due to increased predation of smaller 

individuals but again this varies between years (Baker, 1999). Populations that contain 

a high number of adults within a particular breeding season do not always lead to a high 

number of juveniles as may be expected, whilst low juvenile numbers and entire 

reproductive failures do not automatically lead to a drop in adult numbers in following 

years (Jehle et al., 2011). This coupled with the wide variation in annual survival rates 

suggests that newt metapopulations are controlled by a combination of density-

dependent factors such as resource availability and predation, alongside density-

independent factors such as climate. Therefore it is hard to make reliable 

generalisations about newt population and survival with the current knowledge and 

further population-specific research must be carried out (Griffiths et. al, 2010). 

 

 



 17 

1.3 Conservation Status 

1.3.1 Legal protection 

Following severe population declines within Europe, great crested newts 

(Triturus cristatus) are listed in Annexes II and IV of the EU Natural Habitats Directive 

and Appendix II of the Bern Convention (CETS 104). In Britain they are protected under 

Schedule 5 of the Wildlife and Countryside Act 1981 and Schedule 2 of the Conservation 

of Habitats and Species. In combination these provide a high level of protection to the 

species and its habitat.  These laws ensure that great crested newts are protected 

against killing, injuring, disturbance, habitat destruction and the removal of themselves 

or their eggs. Possession, sale or exchange of newts or any part of them is also 

prohibited (Langton et al, 2001). The legislation applies to all life stages with eggs, 

tadpoles, juveniles and adults all protected equally. The laws only allow for certain 

cases of these actions to occur, for instance when tending to injured animals prior to 

release. Certain actions such as capture and mild disturbance may be allowed following 

the granting of a licence by the appropriate authority such as English Nature (EN). 

Licensing allows those working on habitat management or protecting great crested 

newts to perform tasks such as bottle and pitfall trapping and torch surveying to aid 

with conservation.  

 

1.3.2 British great crested newt decline 

In the UK in particular, amphibian decline appears to have mirrored those that 

are being experienced globally. It is thought that UK amphibians were likely to have 

reached a peak in abundance around 100 years ago when the number of suitable 

breeding ponds was high and the landscape provided high quality, unfragmented 

terrestrial habitats (Oldham and Swan, 1997). However, since then, the species has 

suffered severe loss in numbers and is the most rapidly declining amphibian in Britain 

(Baker, 1999).  

Studies into great crested newt decline have been on-going since the mid-

twentieth century with 50% loss of populations documented between 1960 and 1975 

(Beebee, 1973). Declines in the 1970s showed severe loss of numbers, especially in East 

Anglia, with great crested newts appearing to be more severely affected than other 

widespread amphibians at the time, showing a higher loss index than other species 

(Cooke and Scorgie, 1983). The following decades showed similar patterns of 
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population decline with more detailed surveys adding to our understanding of great 

crested newt status at both a local and metapopulation level. In Greater London, a high 

number of previously identified populations were revisited in 1995, with great crested 

newts found to be either entirely absent or not breeding at 42% of ponds studied 20 

years prior (Atkins and Herbert, 1995). The metapopulation structure also appeared to 

have altered in this time with 70% of populations relying on a single breeding pond 

compared to only 35% in 1985. Whilst this population decline may be more expected of 

London where development and habitat destruction over this time period is likely to be 

high, more rural parts of the United Kingdom have also displayed high levels of loss. 

Following resurveys in Hertfordshire, 25% of previously recorded T. cristatus 

populations had been lost by 1998 (Atkins and Herbert, 1998). Meanwhile in northeast 

England, 43% of local great crested newt populations had become extinct in Durham 

following resurveying between 1983-2003 (Coult, 2004). A survey of 50 ponds 

inhabited by great crested newts in the northwest of England in the mid-1990s was 

revisited in 2006 where only 31 of the ponds had continued to support the newt species 

(Hollinshead et al., 2008).  

In 1995, the UK Biodiversity Steering Group estimated the annual rate of loss of 

T. cristatus breeding ponds to be at 1.4-2% across the United Kingdom, although local 

rates of loss can be seen as slightly higher than this dependent on the particular region 

(UK Biodiversity Steering Group, 1995). It should be noted that many studies on great 

crested newt population decline only revisit previously identified breeding ponds and 

do not consider newly colonised habitats which may create a bias for finding declines, 

or stability at minimum. However the evidence for an overall gradual decline is still 

significant (Jehle et al., 2011).   

There are still certain positives to be found within studies of great crested newt 

populations. Many sites that are managed and under relevant protection have shown 

stable or increasing population sizes of T. cristatus which may have been masked by the 

overall national deterioration (Jehle et al., 2011). Using translocation as a means of 

great crested newt conservation has also been proving successful. Oldham et al. (1991) 

observed evidence of breeding in 61% of great crested newt translocations studied 

between 1990 and 1994. More recently, constructed wetlands have been shown to 

provide breeding grounds for a range of amphibians although long term success 

remains unclear (Rannap et al., 2020). For T. cristatus in particular restoration of pond 
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habitats has proven successful when a range of factors is considered. These include 

implementation at the landscape scale and consideration of the range of habitat 

requirements and ecological connectivity of populations (Rannap, 2009). Whilst further 

research is required on the methods and techniques of conserving Triturus cristatus, 

there is hope that the once most rapidly declining British amphibian will continue to 

increase in numbers.  

 

1.4 Outline of the Study/ Research Objectives 

The aim of this study was to monitor a population of great crested newts in 

Thorpe-le-Fallows, Lincolnshire. This particular population had been monitored 

annually since 2011 by Dr Charles Deeming with additional data collection conducted 

by Charles and myself during the 2019 breeding season. In order to effectively conserve 

this protected species, an in-depth understanding of their population dynamics is 

necessary and this study aims to build on previously researched areas and increase 

knowledge. Therefore, this thesis aims to focus on several key objectives throughout 

which are as follows: 

1. To monitor the chosen great crested newt population during breeding seasons 

between 2011-2019 to assess the population size and any fluctuations in number 

of individuals. 

2. To analyse patterns of sex ratio within and across capture events and determine 

differences in mass, snout-vent length (SVL), condition and pigmentation. 

3. To determine the age structure of the newt population and assess age specific 

effects on the mass, SVL, condition and pigmentation across the population. 

4. To examine the relationship between SVL and age on crest height in male great 

crested newts 
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Chapter 2 - Methods 

 

This chapter describes methodology for all data chapters within this thesis. As 

the data collection process was similar for all subsequent chapters, it was deemed 

appropriate for only results to be reported within them.  

 

2.1 Data Collection 

Trapping events of great crested newts were carried out at an established 

breeding pond within a private garden at Kiln House, Thorpe-le-Fallows, Lincolnshire 

(53°18'42.4"N, 0°38'56.4"W). The pond was approximately 9-10 m long and 3.5-4 m 

wide with a perimeter of ~28 m. Two-thirds of the perimeter was defined by a brick 

wall whilst the other third was edged by a sloping natural bank. The pond was 2m deep 

for approximately 70% of its area with the remaining area having a maximum depth of 

around 50 cm over a brick-based submerged platform, but the water depth did change 

over time (see below). Early in the spring emergent vegetation was minimal but it 

developed as the season progressed (Fig. 2.1). The pond was surrounded by mown 

grass lawns on all sides.  

Great crested newts were caught on a regular basis during varying periods of 

time starting from mid-March to early August (Fig. 2.2). The pond was surveyed 

annually from 2011 to 2019. Great crested newts begin moving towards breeding sites 

between February and April with first emergences occurring when air temperatures 

have reached around 4-5°C (Langton et al., 2001). Trapping events were scheduled to 

coincide with this. 

Between 2011 and 2014 pond water levels were topped up by the house owners 

using water from a second pond on the property allowing trapping events to be 

conducted later in the season, because water levels remained deep enough for traps to 

be set. However, from 2014 onwards a change in ownership meant that the water levels 

were not replenished in the summer and therefore final trapping events were only 

conducted early in the season because traps could no longer be set in the shallower 

water caused by evaporation from the pond. Trapping events occurred approximately 

fortnightly (Fig. 2.2) with a total of 86 events recorded between 2011 and 2019.  
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Fig. 2.1. Photographs indicating shape and scale of the study pond. Images were taken 

from different angles in March and June (images by Charles Deeming and used with 

permission). 

 

 

 

 

Fig. 2.2. Ordinal day that each trapping event occurred (dots indicate sampling events) to 

demonstrate differential yearly sampling efforts. 
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Great crested newts were caught under a Natural England scientific licence issued to 

Charles Deeming, University of Lincoln. Trapping was a constant capture method with 

ten 2-litre bottle traps (Griffiths & Langton, 2003) being set evenly spaced around the 

edge of the pond with their openings facing inwards. Each bottle was inverted and 

contained an air bubble of around 250 ml. Traps were set in the pond at approximately 

6pm in the evening and recovered no later than 9am the following morning.  

 Upon recovery of the bottle traps, each newt was lifted out of the bottle in the 

palm of the hand and transferred to a 500 ml plastic bottle with the lid loosely secured. 

The animal was then digitally photographed with a Pentax dSLR by holding the bottle 

horizontally, allowing the ventral surface of the newt to be seen (Deeming, 2009). The 

mass of the newt was recorded by weighing the bottle with the newt in, weighing the 

bottle after the newt had been released and subtracting the mass of the bottle. The 

digital photograph number, sex and mass of each newt were recorded. The plastic bottle 

had a cm scale drawn on which was included in all photographs taken in order to 

measure snout to vent length digitally on ImageJ (http://rsb.info.nih.gov/ij/; Version 

1.52; Abramoff et al., 2004) at a later date. Once each newt had been weighed and 

photographed it was returned to a spare bottle full of pond water until all animals were 

released back into the original pond. Any great crested newt larvae, or smooth newts 

(Lissotriton vulgaris), caught were also recorded but were not included in the data or 

sample count.  

 During trapping events conducted in May 2019, photographs of male great 

crested newts were taken from the lateral side in order to analyse their height and 

shape. Following each individual’s initial weighing and photographing, the male newt 

was transferred to a rectangular Perspex box (30 x 10 x 20 cm, W x D x H) filled with 

water from the pond that allowed them to be photographed from a lateral perspective.  

The photograph used for analysis showed the newt from the side with its body and tail 

in straight line and parallel to the side of the Perspex box. Additional photographs were 

taken of the newt with a 2 cm scale marked on the side of the box. Once each newt had 

been photographed with its crest clearly displayed, and the photograph number 

recorded, it was then placed back into a water-filled bottle before being released into 

the pond. 
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Fig. 2.3 Photographs of the ventral surface of male number 138 showing the pattern of 

spots. The left image was taken in July 2011 and the right image was taken in May 2019. 

 

2.2 Newt identification 

 Following completion of trapping events, the digital photographs from each 

event were organised by sex. Each individual was identified from its ventral  

spot patterns (Fig. 2.3), which were compared with photographs of newts that had been 

previously caught. Hence, a newt could be identified as a recapture or a newly identified 

newt (Deeming, 2009). Identification was completed by visual analysis and all new 

animals were given a unique identification number. This was done for every trapping 

event until all newts caught had been given an identification number.  

The efficiency of individual identification was verified by randomly selecting 100 

photographs from the identified newts (both male and female). The newt ID number 

and sex were removed from the file name, leaving just the digital image number. These 

photographs were then visually analysed by an independent individual to identify any 

recaptures and to assign individual ID numbers as per the initial identification 

procedure. The results of this were then compared with the previously sorted 

photograph files to ensure the same level of identification was achieved. Of the 100 

photographs chosen, 99 identifications were found to correctly match initial analysis, 
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with only one photograph having been missed as a recapture during the second 

identification process. 

 

2.3 Population estimates and age structure 

Population size was estimated using the Schnabel method (see Deeming, 2009). 

The Schnabel estimate was calculated in Excel following the methodology described by 

Sutherland (2006). A Spearman’s test was also conducted in order to test if there was 

any relationship between year and the Schnabel estimate. Population estimates created 

using the Jolly-Seber were produced on R using the package FSA. Both methods of 

estimating population sizes were used in order to compare methods that are suggested 

for a closed population (Schnabel) and an open population (Jolly-Seber). 

 

2.4 Determination of snout-vent length 

For all newts, ID number, gender and mass were recorded alongside ordinal day 

of capture and year. For the subset of newts captured three or more times over the 

nine-year period, further data processing was conducted to determine values for their 

snout-vent length (SVL), body condition, capture order, and pattern of pigmentation. 

Photographs were uploaded onto ImageJ in order to record SVL for individual newts. 

SVL was determined (in cm) as the length between the tip of the snout to the posterior 

margin of the vent, including the insertion of the hind legs. ImageJ was calibrated using 

the scale drawn on the capture bottle.  Few of the newts were photographed in a 

longitudinally straight position and so the length of the animal was measured using the 

“Segmented Line” tool following the curvature of the body along the midline. A basic 

body condition score (g/cm) was calculated by dividing mass by SVL.  

 

2.5 Estimation of age 

Given there was capture of individual newts across multiple years it was decided 

to estimate the age of newts captured for at least three years during the sampling 

period. Several studies use Von Bertalanffy growth curves to describe relationships 

between SVL and known age for various Triturus species. Many of the larger newts from 

Kiln House were larger than the maximum SVL in the Von Bertalanffy equation reported 

for the asymptote for the relationship for T. cristatus (Hagstrom, 1980; Arntzen, 2000), 

which did not allow an estimation of age from the equation parameters. Another study 
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examined growth in the Southern crested newt (Triturus karelinii), which is closely 

related to T. cristatus (Weisrock et al., 2006), and achieves slightly larger individuals 

(Üzüm & Olgun, 2009a). Growth parameters from this study allowed for age estimation 

of the newts in this study. 

The Von Bertalanffy equation has the form: 

SVLt = SVLmax – (SVLmax – SVL0)e-K(t-t0) 

where: t is the age in years, SVLt is the snout– vent length at age t and SVLmax is the 

estimated average maximum SVL that can be reached. SVL0 is the fixed average SVL at 

metamorphosis. The growth coefficient, K, is the rate at which SVLmax is reached. By re-

arranging the equation, an age estimate can be made for a known SVL. Given that 

growth curves exhibit sexual dimorphism (Üzüm & Olgun, 2009a, 2009b), the following 

values were used for males and females, respectively: SVLmax = 78.668 and 88.833, K = 

0.284 and 0.152, and t0 = -1.285 and -2.809 (Üzüm & Olgun, 2009). The age of each newt 

was calculated for the first capture and the number of intervening years for subsequent 

recaptures were then added to the initial age. This procedure allowed age 

determination for all animals captured for at least three years in the sampling period. 

Time precluded age estimation of the large number of individuals that were only 

captured once or twice. 

 

2.6 Measurement of pigmentation 

      To create a pigmentation score for each newt caught three or more times, each 

individual photograph was uploaded to Matlab 

(https://www.mathworks.com/products/matlab.html; Version 9.7) where code had 

been written to record the percentage of black pigmentation observed. When the code 

was run, each animal was selected and a polygon drawn around the ventral surface 

between the front and back leg insertions in order to select the yellow-orange section of 

the belly to assess pigmentation within this area (Fig. 2.4). When double clicking the last 

point of the polygon, a number was generated showing the proportion of black seen on 

the animal, which was then recorded as its pigmentation value.  

 



 26 

Figure 2.4. Photos of the ventral side of an individual newt in MorphoJ to analyse the 

pigmentation. The upper image shows the polygon used to select the area for analysis 

whilst the lower image shows the pigmentation highlighted to give the pigmentation 

score 

 

 

Figure 2.5. Male crest analysis in tpsdig2 showing 100 digital landmarks used to 

analyse male body shape 
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2.7 Shape analysis 

               When measuring crest and morphometric shape in males, the lateral 

photographs of males taken in May 2019 were used. Each photo was individually 

uploaded onto tpsdig2 (version 2.31; Rohlf, 2006) in order to digitise semilandmarks 

around the shape. The shape of each newt was described by allocating 100 digital 

landmarks evenly spaced around the outline of the newt. The landmark coordinates 

from individual newts were collated into a single text file and used to carry out semi-

landmark analysis (Deeming & Ruta, 2014) in MorphoJ Version 1.07a; Klingenberg, 

2011). The semi-landmark analysis is a principal component analysis of the variance–

covariance matrix of Procrustes-fitted landmark coordinates, i.e. coordinates obtained 

after removal of scale, translation and rotation. The PCA output was used to determine 

any potential difference in lateral shapes of male great crested newts. These were 

statistically analysed in relation to three categories (age, mass and body condition) to 

test for any differences in lateral body shape based on these factors. 

 

2.8 Statistical analysis 

            Data were stored and processed in MS Excel. All statistical analysis was 

conducted in R (https://www.r-project.org/; Version 3.6.1; R Core Development Team, 

2019) with the exception of Mann Whitney U tests, Kruskal Wallis tests, and Spearman’s 

rank tests were conducted in Minitab Version 17.3.0 (https://www.minitab.com/en-

us/products/minitab/). In addition, non-parametric MANOVAs were used in PAST 

Version 2.17c (Hammer et al., 2001) to test effects of different categories of male newts. 

These tests analysed variance between groups when they were categorised by age, mass 

and condition. 

           In open populations the number of marked individuals will decline over time due 

to the ability of animals to migrate from the population (Greenwood & Robinson, 2006). 

In order to confirm if the population of this study was open or closed we therefore 

tested the null hypothesis that there is such a decline using correlation analysis. Starting 

with 2011, trapping events were numbered chronologically and recapture percentage 

rates were calculated for each session and tested for association using a Spearman’s 

rank correlation test. Mann Whitney U tests were conducted to assess both the 

difference between average numbers of males and females caught per year as well as 

the probability of each newt being captured only once for both males and females. The 
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probability of each newt being captured once was calculated by dividing the number of 

individuals captured just once per year by the total number of newts caught within the 

same year. 

Effects of ordinal day and year on the sex ratio were analysed using generalised 

linear modelling in R. The first model analysed the relationship between year and 

ordinal day (OD) on the sex ratio of newts caught by using year and OD as predictor 

variables. A second model used year and OD as independent factors to analyse the 

difference in sex ratio and a third model was tested that excluded ordinal day entirely. 

Two way ANOVAs were used to determine which model best fit the data. This process 

was repeated for both male and female data. 

Linear mixed effects modelling was used to determine the significance of ordinal 

day and sex on newt mass, SVL and body condition using the lme4 (Bates et al., 2015), 

lmerTest (Kuznetsova et al., 2017), and effects (Fox & Weisberg, 2018) packages in R. 

Satterthwaite's method of approximation for determining denominator degrees of 

freedom was used during linear mixed effects regression modelling. The model used 

data collected from newts estimated to be three years of age and older and included 

newt ID numbers and year as random factors. Similar linear mixed effect models were 

created to determine the relationships between age, pigmentation and sex as well as 

between mass, age and sex.  
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Chapter 3 – Population size estimates and survival rates 

 

3.1 Introduction 

 Effective monitoring provides the main source of information on the status of 

species populations at a local and more widespread scale and therefore plays a 

significant role within conservation. Only if we understand the factors linked to 

population decline and survival, can appropriate conservation methods and protection 

be implemented for those species that may be in need (Schmidt & Pellet, 2006). Before 

conducting population analysis it is important to discern whether the population is 

open or closed. Closed populations are characterised by no gains (births or 

immigrations) or losses (deaths or emigrations) throughout the study period whilst 

open populations are subject to these changes in numbers. The classification of a 

population is important to know prior to analysis in order to allow for the correct 

methods to be selected and any bias eliminated (Sutherland, 2015). 

Great crested newts form distinct spatially separated breeding populations, or 

metapopulations, which make them ideal for population-level studies. As previously 

outlined density dependence may be a key driver of amphibian population dynamics 

(Altwegg, 2003; Harper & Semlitsch, 2007). For populations that are regulated by the 

same density-dependent processes the Moran effect states that the synchrony in 

population fluctuations will correlate to the environmental disturbances they 

experience (Engen and Sæther, 2005; Cayuela et al., 2020). This suggests that 

population synchrony will therefore decline as distance between them increases. 

However in T.cristatus research has shown that context-dependent weather effects and 

local variation in density dependence structure may be drivers of low synchrony 

between populations (Cayuela et al., 2020). Climate effects on population dynamics 

appear to be highly dependent on context which may lead to a weak Moran effect 

between populations (Cayuela et al., 2016; Muths et al., 2017). Low population 

synchrony may be beneficial in limiting the likelihood of extinction of spatially 

structured populations as well as the effects of large-scale climatic changes (Cayuela et 

al.,, 2020). 

Whilst population dynamics of various T. cristatus metapopulations have 

previously been studied (Bell, 1979; Hagstrom, 1979; Verrell and Halliday, 1985; 

Arntzen & Teunis, 1993; Miaud et al., 1993; Baker, 1999) and a wide range of size 
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estimates calculated, few studies have been carried out over as long a period of time as 

the present study and therefore have not collated and assessed the same level of data 

before. Several other studies (Griffiths, 1985; Cooke, 1986, 1995; Paterson, 2018) have 

relied on count data to investigate population size as opposed to the mark-recapture 

technique used within this research. Capture-mark-recapture studies have been shown 

to provide relatively accurate population estimates in comparison with simple count 

surveys that often underestimate population sizes (Jehle et al., 2011).  

Studies that have used mark-recapture data to assess population size have 

shown great variation between locations (Jehle et al., 2011). Baker (1999) recorded a 

mean population size of 113 (SD  59) for a metapopulation in Buckinghamshire whilst 

Arntzen et al. (1999) observed a much higher mean population size of 1408 (SD  73) in 

Leicestershire. Within Europe the mean size of metapopulations has also shown great 

variety between locations from as low as 29 (SD  6) in Western Germany (Wenzel et 

al., 1995) to 1229 (SD  919) in Eastern Germany (Meyer & Grosse, 2007). However, 

population studies in similar locations that have used count data (Feldmann, 1981; 

Veith, 1996) tend to produce much lower average population size estimates suggesting 

that simple counts do not produce as meaningful estimates (Jehle et al., 2011). The 

methods used and use of historic data for this study will allow a more in-depth 

investigation of the effects of a longer period of time on population size than previously 

conducted and may give a more accurate and reliable assessment of the number of 

individuals within a specific Triturus cristatus metapopulation.  

Alongside population size estimates, monitoring studies can be used to provide 

information on sex ratios of the chosen species. Overall balanced sex ratios are usually 

reported for breeding amphibians (Arntzen and Teunis, 1993; Hagstrom, 1979; Miaud 

et al., 1993) although some populations display a slightly higher male presence (Gill, 

1978; Halley et al., 1996; Kopecky et al., 2010), especially at the beginning of the 

breeding season when males tend to arrive to breeding ponds before females (Arntzen, 

2002).   

An effective sex ratio plays an important role in the population dynamics of a 

species and is the main predictor of the intensity and direction of mate competition 

(Aronsen et al., 2013). A bias in the ratio of males and females that are reproductively 

active can cause heightened mate competition in the more abundant sex leading to 

increased sexual selection of traits that may improve mating success (Grayson et al., 
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2012). The ability of males inseminating several females is apparent in the Triturus 

genus although spermatophore supply may become a limiting factor (Halliday, 1987) 

leading to refractory periods of more than one day if the same number of 

spermatophores are to be deposited each time (Halliday, 1976). There is also a narrow 

window of mating opportunity for T. cristatus with most activity occurring during the 

evening and at dusk (Griffiths, 1985). These limiting factors to successful reproduction 

increase the need for an effective ratio of breeding individuals in order to increase 

likelihood of mating success. Effective numbers of breeding individuals allows for good 

mating success and high larval recruitment and therefore the continued survival and 

growth of a population.  

This chapter describes the data collected from the nine-year period of 

monitoring of the sampling site of an established population of great crested newt 

within Lincolnshire during breeding seasons between 2011-2019. Analysis will 

determine whether the population can be classified as open or closed. Population size 

estimates will be calculated to analyse possible fluctuations in numbers alongside 

annual survival and recapture rates. The sex ratio of breeding adults will also be 

analysed between and within seasons to observe for any patterns or trends. 

Methodology for this chapter is described in full in Chapter 2. 

 

3.2 – Results 

3.2.1 – Trapping frequency 

Eighty-six bottle-trapping events were carried out between mid-March 2011 to 

mid-June 2019 (Fig. 2.2). The average capture rate per trapping event varied by year 

(Fig. 3.1) with lowest mean during 2011, but this probably reflects the longer trapping 

season and number of trapping events that year. Most other years saw an average rate 

of trapping over 20 animals per event. The average number of newts caught per 

trapping event per year peaked in 2014 (Fig. 3.1) although the highest number caught 

in one single trapping event was 31/03/17 when 63 newts were caught in one session. 

Overall more males were caught than females across the entirety of the 9 year study 

period (N = 649 and N = 514 respectively) with numbers of each sex varying from year 

to year (Table 3.1). However within each year there was no significant difference 

between the average number of males and females caught per year (Mann Whitney test, 

W=106.0, n1 = 9, n2 = 9, P= 0.0771). 
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Over the nine years of trapping there were a total of 1873 captures of 1163 

individuals that were identified from their ventral spot patterns. The highest number of 

captures occurred in 2014 (432) with the least occurring in 2013 (168). Within each 

year (except 2011 and 2014) the proportion of marked animals captured did not show a 

significant correlation with successive trapping events (Table 3.2), which suggests that 

the population is open.  

Of the 1,163 adult newts identified in total, 41% (477) were recaptured at least 

once within the study period, of which 199 were female and 278 were male.  

Annual recapture rates (%) can be seen in Table 3.1, with values ranging from 32.6-

57.1% across the years. Of the recaptured newts, one male was caught a total of 16 

times across all 9 years of the study period whilst one female was caught 10 times over 

5 separate years. 

At the beginning of the trapping season, numbers of female and male newts 

caught each session were relatively similar. As ordinal day increased female numbers 

remained at a steady plateau as male newts caught began to increase. This continued 

until around day 130 where numbers of both female and male newts began to decline 

per session until numbers became very low towards the end of the breeding season 

(Fig. 3.3). Analysis from generalised linear modelling showed that the number of 

females caught was affected by ordinal day with the number of females caught declining 

over time but year had no significant effect and there was no significant relationship 

between the two variables (Table 3.3). By contrast, the number of males caught 

significantly increased as the years progressed but not by ordinal day and there was no 

significant interaction (Table 3.4). Similar analysis showed that both ordinal day and 

year had a significant effect on the sex ratio across the study period (Fig 3.2) with an 

increasing male bias to captures but there was no significant interaction between 

ordinal day and year (Table 3.5). 
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Table 3.1. Total number of newts caught, total recapture rates (%) per year 

across the study period and annual sex ratio (proportion of males of the total 

animals caught) 

 

Year Trapping 

Sessions 

Number of animals 

caught 

Recapture rate (%) Annual sex 

ratio 

  Male Female Total Male Female Total  

2011 19 260 172 432 38.1 33.1 36.1 0.602 

2012 12 124 113 237 54.0 48.6 51.5 0.523 

2013 8 97 71 168 57.7 56.3 57.1 0.577 

2014 7 143 121 264 49.0 31.4 40.9 0.542 

2015 9 173 143 316 36.4 45.5 40.5 0.547 

2016 11 155 96 251 40.0 39.6 39.8 0.618 

2017 6 96 95 191 45.8 36.8 41.4 0.503 

2018 7 105 79 184 33.3 31.6 32.6 0.571 

2019 7 117 52 169 41.0 36.5 39.6 0.692 

 

 

Table 3.2. Correlation between successive trapping events and the proportion of 

great crested newts recaptured 

Year rho DF P value 

2011 -0.787 16 <0.001 

2012 -0.014 10 0.966 

2013 0.119 6 0.779 

2014 0.893 5 0.007 

2015 -0.45 7 0.224 

2016 -0.419 9 0.199 

2017 -0.486 4 0.329 

2018 0.107 5 0.819 

2019 -0.75 5 0.052 
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Figure 3.1. Mean (± SE) number of newts caught per trapping session per year 

across the sampling period for males, females and all newts. Values for males and 

females are slightly offset for ease of comparison. 

 

 

Figure 3.2 Sex ratio of great crested newts caught per year across the entire study 

period 
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Figure 3.3.  Numbers of male (blue symbols) and female (pink symbols) newts 

caught per session plotted against ordinal day. Equations are quadratic equations 

showing the pattern of the relationships. 

 

 

Table 3.3 Results of generalised linear modelling to test various models relating 

to the effects of year and ordinal day on numbers of female newts caught. 

 

 Variable Estimate (SE) z-value P-value 

Female ~ Year * OD     

 Intercept 94.59 (93.36) 1.013 0.311 

 Year -0.046 (0.046) -0.982 0.326 

 Ordinal Day -0.805 (0.719) -1.119 0.263 

 Year:OD 0.0003 (0.0003) 1.114 0.265 

Female ~ Year + OD     

 Intercept -5.21 (25.64) -0.203 0.839 

 Year 0.004 (0.013) 0.316 0.752 

 OD -0.004 (0.001) -3.809 0.00014 
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Table 3.4 Results of generalised linear modelling to test various models relating 

to the effects of year and ordinal day on numbers of male newts caught. 

 

 Variable Estimate (SE) z-value P-value 

Male ~ Year * OD     

 Intercept -5.104 (8.037) -0.635 0.525 

 Year 2.670 (3.990) 0.669 0.503 

 Ordinal Day -8.089 (6.028) -0.134 0.893 

 Year:OD 3.993 (2.993) 0.133 0.894 

Male ~ Year + OD     

 Intercept -6.134 (2.218) -2.765 0.005 

 Year 3.182 (1.099) 2.894 0.003 

 OD -4.893 (8.461) -0.578 0.563 

     

     

Table 3.5 Results of generalised linear modelling to test various models relating 

to the effects of year and ordinal day on sex ratio of newts caught. 

 

 Variable Estimate (SE) z-value P-value 

Sex ratio ~ Year * OD     

 Intercept -1.538 (1.440) -1.068 0.286 

 Ordinal Day 6.996 (1.101) 0.636 0.525 

 Year 7.626 (7.153) 1.066 0.286 

 Year:OD -3.455(5.467) -0.632 0.527 

Sex ratio ~ Year + OD     

 Intercept -65.653 (35.827) -1.832 0.067 

 Year 0.004 (0.001) 2.762 0.0057 

 OD 0.032 (0.018) 1.830 0.067 
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Figure 3.4. Population estimates for great crested newts, calculated using the 

Schnabel and Jolly-Seber methods compared with actual number of individuals 

caught. Error bars show 95% confidence intervals 

 

3.2.2 – Population estimates 

When using the Schnabel method to estimate population size, numbers remained 

relatively stable throughout the study period with the lowest estimate of 422 in 2019 

and the highest of 592 in 2017 (Fig. 3.4). The mean average estimate across the entire 

study period was 495.62 (SD  56.82). Following Spearman Rho analysis it was 

confirmed that there was no relationship between year and Schnabel estimate (r = 

0.283, df = 7, P = 0.460). A wide range in 95% confidence intervals was reported for the 

Schnabel estimates varying between 95% CI [38.15, 46.39] in 2011 to 95% CI [161.64, 

691.35] in 2019 with fluctuating values in between.  

When using the Jolly-Seber method the population appeared to increase across 

the study period from an estimated 410.3 (SE ± 39.0)  individuals in 2012 to 1479.8 (SE 

± 418.0) in 2018. Despite a slight decrease in 2013 (353.3 ± 35.0) each year showed an 

increase in population size upon the last. Population estimates were unable to be 
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calculated for 2011 as there was no date on recaptures with this being the initial year of 

the study as well as for 2019 as there is no recapture data for 2020 as would be 

required for the Jolly-Seber method. Whilst both of these methods produced a series of 

population size estimates across the study period, the lower confidence intervals of the 

Jolly-Seber seem to show this to be the more precise method for estimating population 

size in this situation. 

 

3.3 – Discussion 

Across the 9-year study period the estimated population size using the Schnabel 

method varied between 422–592 individuals and remained relatively stable throughout 

with an overall mean of 496 (SD  6). When the Jolly-Seber method was applied the 

population size varied between a minimum estimate of 353.30 (SE ± 35.0)  individuals 

in 2013 to a maximum of 1479.8 (SE ± 418.0) in 2018. Following the analysis that the 

population in this study was open, alongside the lower confidence intervals, it seems 

that the Jolly-Seber is the more appropriate test to estimate population size. These 

results are very useful to provide analysis into the breeding population of this particular 

T. cristatus population and due to their increase in population size may indicate that this 

habitat in particular is proving to be successful in maintaining and developing 

individual numbers. By further using the Jolly-Seber to provide other out put relating to 

the detection probability and its covariates a deeper analysis could be attained in the 

future. 

Previous studies of T. cristatus populations across Europe (Table 3.3) rarely 

exceeded 350 individuals with many estimates far lower than this, placing our study 

towards the higher end of population estimates. However, varying methods of capture 

across study periods may have affected the number of captured individuals. For 

example, Baker (1999) conducted a study of a similar length across 8 years but the use 

of differing methods of capture such as bottle traps and drift fences may lead to 

inconsistent capture rates between years when different methods were used. Bottle 

traps have been shown to be particularly efficient and precise when estimating 

population sizes as opposed to drift fences where lower capture rates have been 

reported (Baker, 1999; Weddeling et al., 2004). The constant capture methodology of 

using the same number of bottle traps seems to have been the most appropriate method 

to gain consistent results for this study.  In addition, as small populations are more 
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manageable to study a bias towards smaller populations being chosen for research 

purposes may not reflect the true size of newt populations within nature. 

Whilst many amphibian and great crested newt populations display regular 

fluctuations in size (Schmidt, 2005; Pellet et al., 2006; Loman & Andersson, 2007) this 

study has shown a relatively stable number of individuals.  This may be due to the lack 

of juveniles captured and recorded within this study; juvenile recruitment is normally 

subject to particularly high year on year fluctuations with juvenile emergence from the 

pond often much higher than adult emergence (Jehle et al., 2011). Population change in 

great crested newts is often heavily influenced by individuals in early life stages due to a 

more varied level of survival (Arntzen & Teunis, 1993) so excluding these individuals 

may have a high impact on the resulting population estimates. The Schnabel estimate 

for this study did not show a great deal of fluctuation with high confidence intervals 

suggesting varying levels of precision. This could be investigated further by applying 

further population estimate techniques such as the Jolly-Seber method, which may 

provide a more accurate and reliable estimate. 

Overall the annual sex ratio observed throughout this study remained relatively 

balanced, with a slight male bias observed. Many previous studies have reported equal 

sex ratios within T. cristatus breeding ponds (Arntzen & Teunis, 1993; Miaud et al., 

1993; Glandt, 1980) with others also showing a similarly male biased sex ratio as has 

been observed here (Blab & Blab, 1981; Hagstrom, 1979; Meyer & Grosse, 2007). 

Analysis showed that year and ordinal day had an effect on the number of females 

caught and the overall sex ratio, whilst these variables had no effect on the number of 

males recorded. The sex ratio of great crested newts in breeding ponds at a given time 

has been shown to vary from the overall sex ratio (Jehle et al., 2011) presumably due to 

the differing timings of newt presence within the aquatic environment. Male newts 

often spend more time in breeding ponds than females (Latham & Oldham, 1996; 

Griffiths, 1984; Verrell & Halliday, 1985) and tend to arrive and depart at different 

times within the season (Griffiths, 1984; Verrell & Halliday, 1985; Arntzen, 2002), which 

could lead to male biased operational sex ratios (Loman & Madsen, 2010). This is 

thought to allow males to increase mating opportunities whilst females may leave 

earlier once their eggs are laid.  
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Table 3.4. Published population size estimates for Triturus cristatus using 

capture-mark-recapture methods (reproduced from Jehle et al., 2011). Mean 

values  standard deviations are given, excluding one example marked with an 

asterisk (*) where standard error is displayed 

 

 

 

Location Mean population 

size 

Study Duration 

(Years) 

Reference 

Buckinghamshire, UK 113  59 8 Baker (1999) 

Leicestershire, UK 1408 73 2 Arntzen et al. (1999) 

Oxfordshire, UK 93  36* 2 Bell (1979) 

Sussex, UK 102 1 Beebee (1990) 

Pas-de-Calais, France 146  116 6 Arntzen & Teunis 

(1993) 

Bresse, Eastern France 322  159 2 Miaud et al. (1993) 

Goteborg, Sweden 342  104 5 Hagstrom (1979) 

Barnim, Germany 34  25 

136  86 

36  25 

53  34 

7 

7 

7 

7 

Stoefer & Schneeweib 

(2001) 

Munsterland, Germany 101  15 4 Glandt (1982) 

Siegberg, Germany 29  6 2 Wenzel et al. (1995) 

Kottenforst, Germany 125  64 4 Blab & Blab (1981) 

Drachenfelser Landchen, 

Germany 

60  29 7 Kupfer & Kneitz, 2000 

Drachenfelser Landchen, 

Germany 

157  34 3 Ortmann et al. (2005) 

Merseburg, Germany 1129  146 

230  35 

1229  919 

2 

2 

2 

 

Meyer & Grosse 

(2007) 
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The likelihood of capture may also play a role in observed sex ratios and 

individual numbers recorded. In this study more male than females newts were 

captured and recaptured overall despite fairly balanced sex ratios. This may not 

necessarily indicate that more males were present, because it has been observed that 

male great crested newts tend to be more prone to capture in aquatic funnel traps than 

females (Bell, 1979; Beebee, 1990). This may create the male bias seen in capture and 

recapture rates that may not necessarily be representative of the actual numbers of 

each sex present.  

In terms of annual recapture rates, this study reported values ranging between 

32.6–57.1% overall with males tending to show higher recapture rates than females in 

most years. Due to the fluctuating nature of amphibian populations recapture rates tend 

to vary substantially with Baker (1999) reporting values within a breeding population 

of between 31-100% over an 8-year study period and other studies reporting a 

similarly wide range of values (Schmidt & Anholt, 1999; Hagstrom, 1979). It has been 

suggested that recapture rates may vary so widely due to individuals becoming more 

trap aware and therefore leading to lower rates in certain years (Schmidt & Anholt, 

1999).  

This chapter has used the data from all animals caught across the entire study 

period to examine the general population dynamics of the chosen population. The 

following data chapter will detail more specific population factors at an individual level, 

using data collected only from newts that were captured three or more times.  
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Chapter 4 – Age specific effects on body size and pigmentation 

 

4.1 Introduction 

4.1.1 Age structure and Longevity 

Knowledge on age structures of particular populations is an important factor in 

regards to conservation status. A senescing population made up of a high proportion of 

older individuals may be more at risk of decline and therefore extinction, than a 

population with a slightly younger demographic (Jehle et al., 2011). Lifespan and 

maturation of great crested newts vary depending on geographic location, which is 

often associated with differences in other life history traits such as fecundity and 

longevity (Diaz-Paniagua and Mateo, 1999). Using skeletochronology several 

populations of T. cristatus have been assessed within Europe with various differences 

between lifespan, age of maturity and body sizes found within different locations. 

Scandinavian newts have been shown to reach maturity at around 3-5 years (Hagstrom 

1977; Dolmen 1983) whilst in central and Western Europe maturation tends to occur 

around 2-3 years of age, with faster growth rates and a larger size at maturity also 

observed (Arntzen, 2000). T. cristatus in central Norway were found to be smaller and 

mature at a later age than their more southern Norwegian counterparts (Dolmen, 

1983).  

 

4.1.2 Age, Body Size and Body Condition 

Many amphibians display indeterminate growth therefore leading to an 

assumption that body size and age are positively correlated (Duellman and Trueb, 

1985). A wide range in body size is usually observed in mature individuals of long-lived 

organisms characterised by indeterminate growth. This may be because natural 

selection favours reproduction commencing at an early age. However, as larger 

individuals may be able to produce more offspring than smaller ones, investment in 

early reproductive activity may reduce growth and diminish lifetime reproductive 

success (Stearns, 1992). Great crested newts have been shown to have a particular 

growth pattern whereby they continue to grow throughout their lives with the rate 

slowing upon maturity with arrested or negative growth often reported in adults 

(Glandt, 1982). Great crested newt body size at maturity has also been reflected in their 

size at metamorphosis with larger larvae becoming larger adults (Jehle et al., 2011), 
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therefore showing the importance and influence of larval growth on the subsequent size 

of adults (Baker, 1999). 

Body condition scores can give an indication of fat reserves within an individual 

and may reflect its health, susceptibility to disease and show the current status of a 

population and the quality of its individuals (Janin et al., 2011). Body condition can also 

offer information regarding foraging success and the ability to adapt to environmental 

pressures, which can impact reproductive success (Jakob et al., 1996). In general, 

amphibians often have a higher body condition score at the beginning of the breeding 

season which tend to decrease as the season continues seemingly due to the energetic 

costs of reproduction (Arntzen et al., 1999). Research suggests body condition of 

animals at metamorphosis may be affected by factors such as temperature at breeding 

ponds (Reading, 2007), whilst a reduction in general body size has been associated with 

extreme environmental conditions in great crested newts in particular (Beebee, 1983). 

Milder winters tend to show lower body condition in T. cristatus which may be due to 

an increased metabolism leading to a higher expenditure of body fat reserves in higher 

temperatures (Reading, 2007). Differences in condition scores between male and 

female newts are also likely to indicate fecundity in females and fat reserves in males as 

well showing a reflection of different microhabitat utilisation in aquatic and terrestrial 

habitats between the sexes (Jarvis, 2015). 

 

4.1.3 Pigmentation development with age 

Whilst it is generally considered that ventral pigmentation of great crested newts 

increases with age, little empirical research has been conducted into this topic. Arntzen 

and Teunis (1993) found that belly patterns of individuals were not fixed. Although 

change was gradual, this study found that the number of black dots and their size both 

increased as newts aged. Other studies have confirmed these findings, with great 

crested newt belly patterns consistently gaining pigmentation, sometimes leading to the 

ventral side appearing nearly completely black (Neunzig 1924; Gislen & Kauri, 1959). 

There have been no real long term studies of whether the increase in pigmentation 

continues throughout the life of the adult or whether a maximum is reached. 
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4.1.4 Aims of this chapter 

This chapter describes the results of estimating age for individuals and assessing 

the age structure of the breeding population within this study. Analysing details of a 

population’s age structure can be beneficial in order to identify those that may be at risk 

due to a senescing population and is also useful for understanding and predicting 

population growth. 

 Analysis will determine the effect of age on body mass, SVL, condition score and 

pigmentation for both male and female newts. These variables will also be analysed in 

terms of ordinal day and year to assess whether these contribute to any patterns or 

trends. Methodology for this chapter is described in full in Chapter 2. 

 

4.2 – Results 

4.2.1 – Age structure 

The average age of male and female newts was 8.1 (SD  3.8) and 9.9 (SD  3.7) 

years, respectively. Minimum age was calculated to be 3 years for both males and 

females with the oldest male being 28 years old and the oldest female was 23 years old. 

Age distributions of males and females were found to be significantly different (Mann 

Whitney W = 100753, n1 = 263, n2 = 374, P < 0.0001). The greatest frequency of female 

newts was at 6 years of age compared with 5 years for males and median averages also 

showed a higher age for females at 9 years old whilst the median average for males was 

slightly lower at 7 years (Fig 4.1, Fig. 4.2). These figures show the age structure of the 

sampled population made up of individuals that had been captured three or more times 

across the entire study period. Whilst this does not provide details of the ages structure 

of the entire population it does allow an insight into the variety of age ranges that may 

be present within the population. The majority of individuals were only caught once 

however 1163 individuals were caught more than once allowing insight into the 

survival of great crested newts across the years (Table 4.1). Of the recaptured newts 

most were seen to survive across 2 consecutive years although 5 male newts were 

found to have survived across the entire 9 year study period, initially being caught in 

2011 whilst also being recaptured in 2019. 
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4.2.2 – Effect of year, ordinal day and age on body mass 

Minimum mass was measured at 3.1 g for males and 5.6 g for females with 

maximum masses of 16.9 g and 24.4 g respectively. Across the whole study period, the 

average mass of all males was 10.0 g (SD  2.0) whilst the average mass of all females 

was slightly heavier at 10.6 g (SD  2.6). Mass of newts of both sexes varied among 

years and although males were bigger on average in 2012 and 2013, females were 

larger in each of all of the other years (Fig. 4.3).  

 

 

Table 4.1 Life table showing number of years great crested newts have 

been caught across. Class 1 shows individuals that were only caught once, Class 2 

shows individuals that were caught across two consecutive years, Class 3 shows 

newts who were recaptured 3 years from initial capture with continuing classes 

following that principle up until Class 9 showing newts that were recaptured 9 

years from their initial capture. 

Class Males Females Total 

1 441 368 809 

2 63 53 116 

3 51 39 90 

4 43 24 67 

5 27 18 45 

6 10 5 15 

7 7 6 13 

8 2 1 3 

9 5 0 5 
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Figure 4.1. Age distribution of female newts estimated from snout-vent length 

measurements.  

 

 

Figure 4.2. Age distribution of male newts estimated from snout-vent length 

measurements.  
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Table 4.2 Results of linear mixed effects regression model to test the effect of 

ordinal day and newt sex on measure of size and condition. Data indicate 

regression estimates and t-tests determined using Satterthwaite's method. 

Each model included newt ID nested within year as random factors. For mass 

there were 990 observations from 595 individual newts over 9 years. For 

snout-vent length and body condition score there were 986 observations from 

592 individual newts over 9 years. 

 

Variable Estimate 

(SE) 

t-value 

(df) 

P-value 

Body mass (g)    

Intercept 14.415 

(0.437) 

32.95 < 0.0001 

Ordinal day -0.030 

(0.002) 

-12.22 < 0.0001 

Sex -1.577 

(0.433) 

-3.64 0.0003 

Ordinal day * Sex 0.010 (0.003) 3.05 0.0024 

Snout-vent length 

(cm) 

   

Intercept 77.283 

(1.182) 

65.39 < 0.0001 

Ordinal day -0.022 (0.01) -2.62 0.00906 

Sex -7.177 (1.47) -4.88 < 0.0001 

Ordinal day * Sex 0.028 (0.01) 2.58 0.01020 

Body condition 

(g·cm-1) 

   

Intercept 1.877 (5.12) 36.18 < 0.0001 

Ordinal day -3.612 (2.86) -12.63 < 0.0001 

Sex -5.737 (5.01) -1.15 0.2520 

Ordinal day * Sex 6.230 (3.65) 1.71 0.0883 
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Results of linear mixed effects modelling showed that ordinal day had a 

significant negative effect on the mass of both male and female newts across years 

(Table 4.2). There was also a significant interaction in the model with females losing 

mass over the breeding season at a quicker rate than males despite initially starting at a 

higher weight (Fig. 4.4).  

Newt sex and ordinal day both had significant effects on the significant quadratic 

relationship between body mass and newt age (Table 4.2). Male newts were, on 

average, heavier than females at all ages (Fig. 4.5). As newts got older body mass 

increased until it plateaued for around 5 years before declining thereafter (Fig. 4.5). The 

timing of the plateau in terms of newt age varied across the breeding season with the 

plateau being shown for older animals earlier in the season compared with later in the 

season (Fig. 4.5). In addition, newts of both sexes, and across all ages, lost mass as 

ordinal day increased, with older and bigger animals exhibiting a larger loss of mass 

than younger, smaller newts (Fig. 4.5). 
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Figure 4.3. Mean (± SE) annual values of mass (g) of male and female great 

crested newts across the sampling period. 

 

 

 

 

Figure 4.4.  The relationship between ordinal day and mass (g) for male (left 

panel) and female (right panel) newts capture across years 2011-2019. 

Shaded areas show 95% confidence intervals derived from linear mixed 

effects regression. 



 50 

 

Table 4.3 Results of linear mixed effects regression model to test the effect of 

ordinal day, sex and newt age (fitted as a quadratic relationship) on measures 

of size and condition for newts. Data indicate F-values determined using 

Satterthwaite's method. Each model included newt ID nested within year as 

random factors. For mass there were 990 observations from 595 individual 

newts over 9 years. For snout-vent length and body condition score there were 

986 observations from 592 individual newts over 9 years. 

 

Variable  Df P-value 

Body mass (g)    

Poly(age,2) 106.50 2, 778.47 < 0.0001 

Ordinal day 361.99 1,643.84 < 0.0001 

Sex 37.18 1,969.57 < 0.0001 

Poly(age,2)*Ordinal day 29.77 2,714.00 < 0.0001 

Snout-vent length (cm)    

Poly(age,2) 48.99 2, 927.19 < 0.0001 

Ordinal day 2.36 1, 790.96 0.1250 

Sex 1.21 1, 947.26 0.2720 

Poly(age,2)*Ordinal day 1.56 2, 899.72 0.2106 

Body condition score (g·cm-

1) 

   

Poly(age,2) 44.34 2, 877.71 < 0.0001 

Ordinal day 334.55 1, 748.45 < 0.0001 

Sex 45.30 1, 968.19 < 0.0001 

Poly(age,2)*Ordinal day 18.50 2, 836.60 < 0.0001 
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Figure 4.5. The effects of ordinal day on mass of male (blue) and female (pink) newts across ages. Solid lines indicate mean 

values, and dashed lines indicate 95% confidence intervals derived from linear mixed effects regression. 
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Figure 4.6. Mean (± SE) annual values of SVL (mm) of male and female 

great crested newts across the sampling period. 

 

 

Figure 4.7. The relationship between ordinal day and snout-vent length 

(mm) for male (left panel) and female (right panel) newts capture 

across years 2011-2019. Shaded areas show 95% confidence intervals 

derived from linear mixed effects regression. 
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4.2.3 – Effect of year, ordinal day and age on snout-vent length 

SVL measurements ranged between 53.4–91.1 mm for males and 51.4–

93.2 for female newts. Across the whole study period males had an average SVL 

of 70.7 mm (SD  5.5) whilst females were seen to be longer at 74.4 (SD  7.3). 

SVL measurements varied among years although females measured longer than 

males in each year of the study (Fig. 4.6). 

Linear mixed effects modelling showed that ordinal day had a significant 

effect on the SVL of both male and female newts across years (Table 4.2). This 

effect was negative for females and positive for male newts. There was also a 

significant interaction in the model (Table 4.2) with males tending to start the 

season at a shorter length than females. Female SVL decreased across ordinal 

day, although they still ended the breeding season at a slightly higher SVL 

measurement than the males who tended to gain length over the season (Fig 

4.7).  

Contrary to what was observed for body mass, neither sex nor ordinal day 

had any significant effects on the quadratic relationship between SVL and newt 

age (Table 4.2). Younger males had higher SVL than females until approximately 

12 years of age when female SVL growth continued at a faster rate than males 

(Fig. 4.8). Male SVL growth began to slow at around 12 years and peaked around 

16-17 years of age before beginning to decline. Female SVL growth peaked 

around 22 years of age before declining (Fig. 4.8).  
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Figure 4.8. The effects of ordinal day on SVL of male (blue) and female (pink) newts across ages. Solid lines indicate mean 

values, and dashed lines indicate 95% confidence intervals derived from linear mixed effects regression. 
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Figure 4.9. Mean (± SE) annual values of condition (g/cm) of male and 

female great crested newts across the sampling period. 

 

 

 

Figure 4.10. The relationship between ordinal day and body condition 

(g·cm-1) for male (left panel) and female (right panel) newts capture 

across years 2011-2019. Shaded areas show 95% confidence intervals 

derived from linear mixed effects regression. 
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Figure 4.11. The effects of ordinal day on condition of male (blue) and female (pink) newts across ages. Solid lines indicate 

mean values, and dashed lines indicate 95% confidence intervals derived from linear mixed effects regression. 
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4.2.4 – Effect of year, ordinal day and age on condition score 

Condition scores were calculated showing minimum values of 0.044 g/cm 

for males and 0.093 g/cm for females. Maximum scores for males and females 

were 0.229 g/cm and 0.262 g/cm respectively. On average, males had a condition 

score of 0.141 (SD  0.02) with the average female score slightly higher at 0.142 

(SD  0.03). Female newts were found to have a higher condition score across 

years 2012–2014 whilst males scored higher within the remaining years.  

Ordinal day had a significant negative effect on the condition of both male 

and female newts across years (Table 4.2). However, there was no significant 

interaction show within the model and no significant effect of sex was shown 

indicating that there was no notable difference in condition scores between 

males and females. Both sexes lost condition as ordinal day increased at a similar 

rate (Fig. 4.10). 

Newt sex and ordinal day all had significant effects on the relationship 

between body condition score and age of newts (Table 4.3). Condition scores of 

both sexes increased at a higher rate in younger individuals and earlier within 

the breeding season. As ordinal day increased growth in condition score began to 

slow before beginning to decline towards the end of the season (Fig. 4.11). 

Condition scores increased with newt age until approximately 16 years before 

scores began to decline (Fig. 4.11). 

 

4.2.5 – Effect of year, ordinal day and age on pigmentation 

On average female great crested newts had significantly more 

pigmentation on their ventral surface than male newts, which was also related to 

the age of the animal (Table 4.4; Fig. 4.15). There were significant quadratic 

relationships between newt age and proportion of pigmentation for both sexes 

with an increase in the proportion of pigmentation to reach a plateau around 17 

years of age (Table 4.4; Fig. 4.15).  
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Figure 4.12. The relationship between age and pigmentation across 

years for male and female newts (pink and blue symbols and lines, 

respectively). Solid lines indicate mean values derived from linear 

mixed effects regression. 

 

Table 4.4 Results of linear mixed effects regression model to test the 

effect of sex and newt age (fitted as a quadratic relationship) on 

proportion of pigmentation on the ventral surface of newts. Data 

indicate regression estimates and t-tests determined using 

Satterthwaite's method. Each model included newt ID nested within 

year as random factors. There were 324 observations from 58 

individual newts. 

Variable Estimate (SE) t-value 

(df) 

P-value 

Intercept 0.3209 (0.0169) 19.00 < 0.0001 

Age 0.0173 (0.0028) 6.17 < 0.0001 

Age² -0.00036 

(0.00012) 

-2.88 0.0042 

Sex -0.0225 (0.009) -2.38 0.0183 
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4.3 – Discussion 

The oldest male newt within this study was recorded as being 28 years 

old with the oldest female reaching 23 years of age which is considerably older 

than the previously recorded maximum ages of 17 years for males and 16 years 

for females (Hagstrom, 1977, 1980; Halliday & Verrell, 1988).   

Whilst this is an interesting result further research may be useful to 

confirm the accuracy of the methodology used. Previous studies using the Von 

Bertalanffy equation to estimate age for T. cristatus populations used maximal 

SVL values that were smaller than many of the individuals trapped within this 

study (Hagstrom, 1980; Arntzen, 2000). Therefore, growth parameters from a 

study examining the Southern crested newt (Triturus karelinii; Weisrock et al., 

2006) was used as it used slightly larger SVL values that allowed more of the 

individuals within this study to be accommodated within the equation and 

subsequently aged. In addition, the Von Bertalanffy model may not be entirely 

appropriate for great crested newt analysis as it is not designed for use with 

species that display irregular growth rates (Arntzen, 2000). As great crested 

newts show seasonal growth the Von Bertalanffy may be more appropriate for 

age estimation by adding a time-varying coefficient (Cloern & Nichols, 1978). 

However, following successful use of the Von Bertalanffy model in similar studies 

(Hagstrom, 1980; Arntzen, 2000; Weisrock et al., 2006) it is unclear whether 

tweaking the method would have a particularly noticeable change to the age of 

newts within this study. 

Across the study period the average mass tended to be slightly higher for 

females than males in most years. As ordinal day increased within the breeding 

season newts of both sexes lost mass and condition although at differing rates. 

Condition scores decreased at similar rates for both male and female newts but 

females lost mass at a quicker rate than males despite starting the season at a 

higher weight. This is to be expected as females start the season holding a large 

number of eggs (Halliday & Tejedo, 1995), which will be progressively lost from 

the body during the breeding season and cause a loss in both weight and the 

calculated condition score. For both sexes weight and condition may decrease 

due to a lack of feeding within the aquatic environment, because behaviour is 
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focused on reproduction, and the physiological stress of breeding and the energy 

expenditure it brings (Arntzen et al., 1999).  

Jarvis (2015) found that male great crested newts showed low body 

condition at the start of the breeding season followed by a rise around May 

before declining again in June. This may reflect conditions in the terrestrial 

habitats of T. cristatus within that particular study or differences in timings of 

hibernation emergence and breeding. In addition, when newts enter the pond 

environment an increase in hydration may alter mass and condition 

measurements (Jarvis, 2015). However other studies (Arntzen et al.,1999; 

Sinsch, 2003) have found that male great crested newts tend to show their 

highest body condition scores at the beginning of the year before declining as the 

season progressed. These differences in condition scores across the breeding 

season may therefore impact the strength of correlations between condition and 

body shape noted in this study. Comparison of mass and condition scores 

between the sexes may not be extremely informative as they are both expected 

to show declines due to either egg laying or mating as the breeding season 

progresses. However the analysis conducted allows for an insight into each sex 

separately and the rate at which fluctuations have occurred.  

Age may also play a factor in the changing mass of great crested newts 

with weight measurements increasing until they began to plateau at around 5 

years of age before declining later on. It was also found that older and bigger 

newts lost more mass over the breeding season than their younger and smaller 

counterparts suggesting senescence may also play a role in the reduction of size 

in older animals.  

However commonly used methods of determining condition scores that 

are based on the calculation of residuals from an ordinary least squares (OLS) 

regression of body mass against length have been criticised for assuming an 

isometric relationship between different body components (Pieg & Green,  2009; 

Kotiaho, 1999). The size of different body components often scales differently 

with an increase in total body size (Huxley 1932, Calder 1984, Kotiaho 1999) and 

the OLS methods of creating body condition scores are likely to underestimate 

the true slope between mass and length (Seim and Sæther 1983, Green 

2001,Arnold and Green 2007). A Scaled Mass Index method has been suggested 
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as a useful alternative that uses type II regression and accounts for allometric 

scaling that standardises body size whilst creating a condition index (Pieg & 

Green, 2009; 2010). This method has also been found to account for ontogenetic 

variation and sexual dimorphism in body size unlike OLS methods (Pieg & Green, 

2009; 2010) which should not be used to compare conditions of individuals at 

different life stages or potentially different. sexes (Gallagher et al., 1996). As 

individuals at different stage of growth and development will produce differing 

optimal ranges of condition it is important that these life stages are factored in to 

the method of condition scoring (Kotiaho, 1999). 

As the current study has used basic OLS methods to create condition 

scores the data may not show a true representation of actual condition and size 

of energy reserves amongst other body components. This can be seen in the 

results demonstrating that in 2012 the newts weighed more than in 2013 yet 

their condition is substantially less. Their SVL measurements were only slightly 

larger which suggests g/cm may not be a good measure of condition given these 

slightly illogical results. For future research a Scaled Mass Index method of 

creating body  index scores would be useful to provide a more accurate measure 

of condition. 

Younger males were found to have higher SVL measurements than 

females until approximately 12 years of age when female growth continued at a 

faster rate than males. SVL peaked at around 16-17 years of age for males and 

around 22 years of age for females before they both began to decline. Studies 

have previously shown that growth rates in newts tend to decrease with age 

(Arntzen, 2000; Sever et al., 2001) but at much younger ages than our study 

suggests. Arntzen (2000) found that growth rate of great crested newts was at its 

fastest rate during the first three years of life before starting to slow at four years 

of age. 

This study found that female newts tended to have a higher percentage of 

ventral pigmentation than males throughout the study period. In both sexes 

pigmentation increased with age before plateauing at around 17 years of age and 

remaining steady therein. Few studies have researched the pigmentation 

development in adult great crested newts and although Arntzen & Teunis (1993) 

demonstrated that belly patterns of this species are not fixed they did not have 



62 
 

the level of long-term data this study provides and did not show that the changes 

in the pigmentation pattern seen in younger newts are not sustained in later life.  

This study provides long-term data for individual newts that has not been 

achieved by previous studies. The use of ventral pigmentation patterns to 

identify animals is not new but the systematic use of this technique has revealed 

greater insight into the population of newts at this breeding site. Whilst we have 

found some very promising results, especially regarding the lifespan on T. 

cristatus that has not previously been reported, further research should examine 

these topics within different populations to further investigate location on both 

age estimation and size variation in great crested newts. 
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Chapter 5 – Crest morphology in male Triturus cristatus 

 

5.1 Introduction 

In Amphibia, the development of exaggerated sexual characteristics in 

males is commonplace (Duellman and Treub, 1986). Darwin (1871) initially 

hypothesised that sexual selection by female choice may be behind the 

evolution of such traits and considerable research has continued in this area 

with several further theories explored.  

Fisher (1915; 1930; 1968) also proposed that the evolution of male 

sexual traits occurs via persistent, directional female choice. In term of T. 

cristatus Fisher’s theory presents itself with females that show a preference 

for a larger crest having offspring that possess genes for the large crest from 

their father and genes for the preference for large ornaments from their 

mother (Jones and Ratterman, 2009). This results in mate choice showing a 

genetic correlation between the ornament and the preference (Lande, 1981; 

Mead & Arnold, 2004). Fisher’s theory is termed ‘Runaway selection’ as over 

time this mechanism will facilitate more pronounced sexual ornaments until 

the costs of producing them balance the reproductive benefit of possessing 

them (Mead & Arnold, 2004) 

Another theory regarding the development of secondary sexual 

characteristics is the ‘good genes’ theory (Halliday, 1978; Trivers, 1972) 

which is often speculated as applicable. This theory states that those traits 

that are costly to develop and maintain can be considered as ‘honest’ 

indicators of a male’s ability to survive. Males with a larger trait may thus be 

likely to have increased growth, predator avoidance and competitive ability 

(Kodric-Brown, 1985). Similarly the Hamilton-Zuk hypothesis has been 

proposed that also suggests sexual ornaments may indicate survival ability. 

This theory suggests that sexual traits may display a male’s ability to survive 

parasites or pathogens, with larger traits showing a higher genetic fitness and 

lower parasite burdens (Moller, 1990).  

Alongside female choice, male-male competition is another factor in 

sexual selection with three main male competition behaviours been noted 

within the Triturus genus (Zuiderwijk, 1990). Territoriality has been 
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observed within T. cristatus and the marbled newt (Triturus marmoratus) 

over both mating sites and females with a higher level of aggression tending 

to be shown when the competition is over the latter (Zuiderwijk & 

Sparreboom, 1986; Raxworthy, 1989). Overt fighting has also been seen in 

varying degrees dependent on the species and often takes the form of biting 

and pushing ((Zuiderwijk, 1990). Finally sexual interference by female 

mimicry has been seen to occur whereby a courting male is interrupted by 

another male who nudges the cloaca region of the courting male stimulating 

spermatophore deposition. The interrupting male will then prevent the 

female from following the original courting male and can then inseminate the 

stolen female (Verrell, 1984). This is the tactic that appears to be most often 

used in T. cristatus males (Zuiderwijk, 1990). 

Whilst the above is not an extensive list of the mechanisms of sexual 

selection it does provide a basis for sexual dimorphism. Newts belonging to 

the Triturus genus show particularly high levels of sexual dimorphism, with 

the breeding season bringing changes in male great crested newts that 

include development of bolder colouration, deep tail fins and dorsal crests 

(Baker, 1999). The presence of dorsal crests in male great crested newts may 

have evolved for functions unrelated to female mate choice. Crests may play a 

role in species recognition (Smith, 1964; Halliday, 1977) as well as aiding 

prolonged underwater respiration. Whilst performing underwater mating 

displays the crest may provide an auxiliary respiratory surface, aiding blood 

supply and therefore allowing males to remain underwater for longer periods 

of time without rising for air thus leading to longer courtship displays 

(Griffiths and Mylotte, 1988). Male T.cristatus have been seen displaying to 

other males which may be an act of defence of courtship sites with the crests 

potentially playing a role in intrasexual signalling (Zuiderwijk & Sparreboom, 

1986; Hedlund & Robertson, 1989). 

Triturus cristatus is an especially interesting species to study in terms 

of sexual traits as their crests are newly synthesised for each breeding 

season; there is an increase in height at the beginning of the season before 

the crest diminishes once males have finished breeding (Verrell and Halliday, 

1985; Griffiths and Mylotte, 1988). This may provide a greater reflection on 
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the current condition of individuals based on the crest developed during each 

particular breeding season (Baker, 1992). Tail depth has been shown to 

correlate with crest height and when measured prior to entering the pond, 

has been found to have a positive correlation with body condition (Baker, 

1992). This may suggest that males with a higher body condition score have 

the ability to develop larger crests possibly due to increased resource 

availability for growth. Similarly, male great crested newts with longer SVL 

measurements tend to have larger crests and have been shown to have 

greater mating success (Green, 1991). 

Although the studies above demonstrate that crest size is important in 

indicating body condition, it is not known what elements of the change in 

body shape at the start of the breeding season are important in sexual 

selection. Females may simply be selecting males on the basis of crest size 

(Malmgren & Enghag, 2008) but shape changes may also be important. Baker 

and Halliday (2000) showed that crest shape is variable and that age may be 

important. To this end geometric morphometrics have been used to define 

the lateral profile of male great crested newts using semi-landmarks (see 

Deeming & Ruta, 2014). This study aimed to determine whether the 

methodology could be a means of distinguishing between males, which could 

be used in future behavioural studies into mate preference. Therefore, this 

chapter aims to assess the relationships between male crest shape and age, 

mass and body condition. Methodology for this chapter is described in full in 

Chapter 2. 

 

5.2 Results 

Two trapping events on 08/05/2019 and 14/05/2019 resulted in a 

total capture of 44 male great crested newts that were laterally 

photographed for analysis. Data output from the PCA analysis conducted in 

MorphoJ showed that most of the variation between individuals was 

attributed to PC1 (74.85%) and PC2 (12.32%) with the remaining Principal 

Components responsible for only 12.83% of variation combined (Fig. 5.1). 

When plotting PC1 against PC2 (Fig. 5.2) a varied spread of individuals is 

shown with certain outliers providing information on the physical traits 
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described by these PC values. For PC1 the variance of landmark positions is 

mainly in the tail area (Fig. 5.4) with more negative scores tending to display 

flatter newts with shallow crests particularly on the ventral side of the tail 

(Fig. 5.3) and more positive PC1 scores showing male newts with larger, 

deeper crests and tails. For PC2 there is a much wider spread of variation 

within the crest and head area as well as the tail shape. Analysis showed a 

greater variation in crest height, body depth and curvature of the head, spine 

and tail for extremes of PC2 values. Therefore it would appear that the areas 

where male great crested newts may show the highest levels of variability 

and may therefore aid in distinguishing between individuals may be related 

to the height of the crest shape.  
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Figure 5.1: Output of PCA analysis displaying percentage of variation in 

male newt body shape attributed to individual PC scores 

 

 

 

Figure 5.2: Principal Component 1 plotted against Principal Component 

2 in MorphoJ showing the identity of individual male newts at the 

extreme of the ranges for PC1 and PC2 and shown in Fig.s 5.3 and 5.4. 

 

#328 8May19 

 

#426 8May19 

 

#478 14May19 

 

#643 14May19 
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Figure 5.3. Examples of male newts that show extreme variation in PC1 

scores as highlighted in Fig. 5.2. The upper image shows the most 

extreme positive newt for PC1 – male #328 caught on the 8th May 2019 

and the lower image shows the most extreme negative newt for PC1 – 

male #426 caught on 8th May 2019 

 

Figure 5.4. Examples of male newts that show extreme variation in PC2 

scores as highlighted in Fig. 5.2. The upper image shows the most extreme 

positive newt for PC2 – male #643 caught on the 14th May 2019 and the 

lower image shows the most extreme negative newt for PC2 – male #478 

caught on 14th May 2019 
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Figure 5.5.  Lollipop graphs created in MorphoJ to display the mean 

value of shape coordinates and the movement of the landmark in the 

positive direction of PC1 and PC2 respectively 

PC1 

PC2 
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Figure 5.6. PCA scatterplot of PC1 versus PC2 displaying variance in age, 

with categories displayed with convex hulls as follows: 3-5 years (black), 6-

8 years (red), 9-11 years (purple) and 12+ years (blue) 

 

Figure 5.7. PCA scatterplot of PC1 versus PC2 displaying variance in 

mass, with categories displayed with convex hulls as follows: 4-6g 

(black), 7-9g (red) and 10g+ (purple) 
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Figure 5.8. PCA scatterplot of PC1 versus PC2 displaying variance in 

body condition scores, with categories displayed with convex hulls as 

follows: 0.60-0.79 g/cm (black), 0.80-0.99 g/cm (red) and 1.0+ g/cm 

(purple) 

 

 

Table 5.1 PERMANOVA results for morphological variation by 

categorised groups: age, condition, mass and capture events. Significant 

permutation p-values below the 0.05 level are shown in bold. 

 

 Total Sum 

of Squares 

Within group 

sum of 

squares 

F- 

value 

p-value 

Age groups 0.2531 0.1969 3.429 0.0144 

Condition 

scores (g/cm) 

0.2531 0.2408 0.9441 0.4073 

Mass (g) 0.2531 0.2249 2.32 0.0968 
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 PERMANOVA analysis tested for variance between groups when 

categorised by age, mass or condition (Table 5.1). Individual newts were aged 

using snout-vent length and then were categorised into one of four categories 

based on their age: years: 3-5, 6-8, 9-11 and 12+ years. Mass and condition were 

separated into three categories each: 4-6g, 7-9g and 10g+ for mass and 0.6-

0.79g/cm, 0.8-0.99g/cm and 1g/cm+ for condition scores. The only significantly 

different results (Fig. 5.6) were concerning age group showing that there was a 

difference in morphology between older (more positive values for PC1) and 

younger newts (more negative values for PC1). This may suggest that age does 

play a factor in the ability to distinguish individual males based on morphological 

features alone. There was a lot of overlap between convex hulls for categories for 

mass (Fig. 5.7) and body condition (Fig. 5.8), and PERMANOVA showed that 

there were no significant results of categories for mass or body condition (Table 

5.1). 

Further analysis into the effects of age on PC scores showed a significant 

effect of age on PC1. PC1 values increased with age, peaking at around 10 years 

of age before slowly declining as males continue to age (Fig 5.9). No significant 

effect was found on PC2 scores. Again this suggests that age does indeed 

contribute to the ability to differentiate between males although the peak at 

around 10 years of age has implications for the optimum age at which 

differences are noticeable. 
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Table 5.2 Results of linear modelling to test various models relating to 

the effects of age on Principal component values. Significant p-values 

below the 0.05 level are shown in bold. 

 Variable Estimate (SE) t-

value 

P-

value 

PC1 ~ Age + 

Age2 

    

 Intercept -0.226 (0.06) -3.705 0.0007 

 Age 0.055 (0.015) 3.578 0.001 

 Age2 -0.003 (0.001) -3.223 0.0026 

PC2 ~ Age + 

Age2 

    

 Intercept 0.008 (0.029) 0.292 0.772 

 Age -0.002 (0.007) -0.307 0.761 

 Age2 0.0002 

(0.0004) 

0.373 0.711 

 

 

 

 

Figure 5.9 Relationship between age (years) on Principal Component 1 

values. Solid line represents the quadratic effect trendline. 

 



74 
 

5.3 Discussion 

This study found a suggested difference in breeding male shape between 

age groups with younger males showing a significantly different shape to 

intermediate aged males with older males seemingly losing these characteristics 

with increasing age. This study has only noted difference in the male lateral 

shape whilst most studies have focused on the crest shape alone (Smith, 1964; 

Baker & Halliday, 2000). Whilst it has previously been suggested that females 

select males on the basis of their crest (Halliday, 1977), the exact mechanism by 

which females base their choice remains unclear. Larger crests have been 

associated with greater mating success in great crested newts and, along with 

SVL, are a good predictor of the likelihood of spermatophore transfer during 

mating (Hedlund, 1990; Green, 1991; Halliday, 1998). Whilst this study only 

quantifies male lateral shape, it does appear to be in line with the suggestion that 

female newts may have the ability to discriminate between males of differing 

ages due to differences in aspects of male body shape (Baker & Halliday, 2000). 

Differing crest size and shape due to age may be related to differing 

factors. Baker & Halliday (2000) noted that crest shape changed with age in a T. 

cristatus population with older males tending to show a greater irregularity in 

the crest's teeth than younger males. This could be due to damage incurred over 

time or may be a change that naturally occurs with age regardless of any harm 

experienced throughout an individual's lifespan. These effects may also be due to 

senescence in older males but this requires more data concerning the higher 

aged males to investigate further. The dorsal crest of great crested newts 

diminishes at the end of each breeding season but still remains in a very shallow 

form and will therefore carry any previous damage with it onto the following 

breeding season. Younger males have been found to have more even and less 

serrated crests whilst older newts tend to show more irregular crests (Baker & 

Halliday, 2000), which could be a sign of this lifetime of damage. Crest height has 

also been shown to depend on body size and condition following hibernation 

(Baker, 1992) and therefore provides female great crested newts with 

information on a male’s condition and subsequent health, which may be useful 

when selecting a mate.  
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However, the idea of females using crest size as a visual cue when 

selecting a mate has not always been supported (Jehle et al., 2011). Due to the 

nature of T. cristatus courtship occurring predominantly in darkness, it may be 

other factors that determine a male’s mating success (Zuiderwijk & Sparreboom, 

1986). T. cristatus courtship relies on water flow created by the rocking and tail 

fanning behaviour of males to carry pheromones towards the female so 

possessing a larger crest may increase the concentration of pheromones that 

reaches the female or may improve efficacy of pheromone distribution (Green, 

1989). Females may still be able to discriminate between differing ages of males 

but simply as they tend to be larger and have taller tails which may be more 

visible than the subtle differences observed within crest variation (Hedlund, 

1990). Males with larger crests often spend longer displaying to females, 

possibly as the crest acts as a larger respiratory surface in order to remain 

underwater for longer periods of time, which may in turn increase mating 

success (Malacarne & Cortassa, 1983).  

Whilst a positive relationship between crest height and SVL has been 

noted (Baker & Halliday, 2000), this study found no difference in lateral body 

shape between individuals with differing SVL, mass or condition. This may not be 

indicative of a reliable result however as the sample size was relatively small 

with only 44 individuals caught across two trapping events. In addition, both 

trapping events occurred during mid-May within the 2019 breeding season so 

further research across a wider range of dates may give a more substantial set of 

data to analyse crest shape changes over a longer period of time. Crests develop 

once males reach the breeding pond (Verrell & Halliday, 1985; Griffiths & 

Mylotte, 1988) and diminish throughout the season therefore taking 

measurements at different times of year may give differing results (Griffiths & 

Mylotte, 1988).  By June crest height has been shown to have dramatically fallen 

(Griffiths & Mylotte, 1988) so the measurements this study used taken in May 

could have not shown the entire range of difference between fully developed 

crests. This may also be the case for differences in condition. Condition has been 

shown to be positively correlated to crest height but as the season progresses 

and food reserves become depleted condition tends to decline (Griffiths & 

Mylotte, 1988). This may therefore lead to measurements taken later in the 
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season showing less of a difference between condition scores compared to 

potential earlier measurements. 

Whilst this study has shown a promising effect of age on male shape 

development and the potential for females to be able to discriminate mates by 

age, further research across the breeding season would be useful to establish this 

effect more reliably. Whilst the methodology has shown differences in male newt 

shape overall, crest height was not measured directly which could also provide 

more accurate data to confirm these effects.  
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Chapter 6 – General Discussion 

 

This study aimed to monitor a breeding T. cristatus population to assess 

its size, sex ratio and stability across years. Analysis at an individual level has 

enabled assessment of differences in mass, SVL, condition and pigmentation over 

time and therefore provided the opportunity to explore explanations of any 

occurring trends. By using snout-vent length to age the newts it was possible to 

use data from those animals captured three or more times to assess whether 

there were any age-specific effects on mass, SVL, condition and pigmentation. 

Lastly, the feasibility of using shape morphometrics of male newts to determine 

effects of age, SVL, mass and condition was explored.  

 

6.1 Population estimates 

Examination of the population dynamics showed that the estimated 

population size remained relatively stable throughout the entire study period 

albeit with a high variance in confidence intervals within individual years. The 

population was also estimated at a relatively high number compared to other 

similar studies in the UK (Bell, 1979; Beebee, 1990; Baker, 1999). The population 

averaged around 500 adult newts when analysed using the Schnabel method, 

which is a population size only exceeded by three other populations (Arntzen et 

al., 1999; Meyer & Grosse 2007) with 11 out of 17 populations in Europe 

reviewed by Jehle et al. (2011) not exceeding 250 animals.  When using the Jolly-

Seber method which has been outline previously as the more appropriate 

analysis technique, the population in this study increased to an even higher 

maximum estimate of 1479.8 (SE ± 418.0) in 2018. 

This present study is one of few to have been conducted over such a long 

period of time. Cayuela et al., (2020) used capture-recapture data collected on 

five T. cristatus populations between 1995-2016 which provided an extremely 

rich data set spanning 22 years. However their focus was on density dependence 

and synchrony of populations so does not cover the same population dynamics 

studied here. Von Bulow & Kupfer (2016) also studied great crested newts and 

their population dynamics over 19 consecutive years in Northwestern Germany. 

Their use of capture-recapture analysis showed that some individuals were 
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recaptured up to 13 years after their first capture and produced longevity 

estimates of up to 18 years of age (von Bulow, 2014). This appears lower than 

our longevity estimates but highlights the need for more long term analysis of 

this nature in order to investigate further.  

The sex ratio recorded throughout the study tended to remain relatively 

balanced throughout, with a slight male bias. Ordinal day and year were shown 

to have an effect on the number of females caught but had no significant impact 

on males. Whilst other studies have reported differences in the operational sex 

ratio at different times within a breeding season (Hagstrom, 1979; Blab & Blab, 

1981; Meyer & Grosse, 2007), this has largely been attributed to the timings of 

male arrival and departure at breeding ponds. By having data for individual 

newts it may be possible to determine whether a reduction in male mass over a 

laying season is due to loss of mass by males who remain in the pond or a change 

in the demographics of the population over a breeding season. 

.. 

6.2 Trapping methodology 

The methodology of bottle trapping and digital photography to capture 

and identify newts in this study has proved to yield a great deal of useful data 

despite the laborious process involved. Whilst computer based image 

recognition systems have been developed specifically for T. cristatus (Matthe et 

al., 2008) they have yet to be tested comprehensively outside of laboratory 

settings. If this method proves reliable in a practical setting, more accurate 

systematic population surveys could be conducted. Other methodologies are also 

looking promising such as developments in eDNA recognition within aquatic 

environments (Buxton et al., 2017). As it is currently providing a useful and cost-

effective tool within presence-absence studies, T. cristatus eDNA surveys may 

become increasingly used to assess populations. Refining and improving 

accuracy of newt surveys is of great importance, particularly given the changes 

in approach to great crested newt licensing and surveying in regards to 

development.  Natural England’s Great Crested Newt District Licensing Scheme 

(Natural England,2019) requires district-wide surveys of T. cristatus distribution 

to assess impacts of potential developments on the species therefore requiring 

accurate surveys to ensure the appropriate level of protection is achieved.  
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6.3 Newt age, body parameters and senescence 

This study recorded maximum age estimates of 28 and 23 years of age for 

male and female newts respectively, which are substantially higher values than 

previous longevity estimates with a maximum of 17 years of age (Hagstrom, 

1977, 1980; Halliday & Verrell, 1988; Francillon-Vieillot et al., 1990). It is 

acknowledged that the methodology used to estimate age is not without error 

but these results still provide very promising information on the lifespan of great 

crested newts. The effects of senescence on individual fitness are becoming of 

interest and a recent study of senescence in great crested newts seemed to 

demonstrate effects of age on male sexual morphology (Palau Daval et al., 2018). 

Relative sizes of crest height, crest area and the area of the white caudal spot 

were all found to correlate with increasing age, with crest area showing a greater 

increase than the other two characteristics.  However, the oldest in the Palau 

Daval et al., 2018 study were only 5 years old and so it could be argued that this 

does not represent a real effect of senescence but of maturity. By being able to 

identify very old newts it may be possible to determine whether long-lived 

animals remain reproductively active – I demonstrated that there was an effect 

of age on male shape, which could suggest that male attractiveness may wane 

with old age but also provided a methodology in which this could be tested.  

This study was able to use age estimates to investigate age-specific effects 

on certain variables in detail. Both mass and condition scores were found to 

decrease across the breeding season with female newts losing mass at a faster 

rate than males. These findings are likely due to a range of factors including 

effects of breeding, a lack of feeding and senescence, which have all been seen in 

previous studies (Halliday & Tejedo, 1995; Arntzen et al., 1999). This study also 

founds that SVL measurements increased until plateauing and subsequently 

declining at around 16 and 22 years of age for males and females respectively. 

This supported previous suggestions that growth rates decrease with age 

(Arntzen 2000; Sever et al., 2001), however this was found to happen at a later 

age for newts within this study.  

Pigmentation change has been examined in great crested newts 

previously but has largely focused on younger life stages (Arntzen & Teunis, 
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1993). Analysis from this study has displayed that pigmentation development 

does continue and increase with age but this slows and remains relatively steady 

from around 17 years of age onwards. It was reassuring that it remained possible 

to identify individuals from the ventral spot patterns over a long period of time 

rather than the patterns being obliterated by deposition of pigment and merging 

of spots. Further study needs to identify animals over 20 years of age, in order to 

assess whether there is any loss of pigment in the oldest animals.  

It has been suggested that female newts may have the ability to 

discriminate between males of differing ages due to crest morphology (Baker & 

Halliday, 2000) and crest morphology changes with age (Palau Daval et al., 

2018). I have demonstrated that body condition varies with age, sex and ordinal 

day and so it would useful to study female mating preferences in this context.  

This study has used geometric morphometrics to confirm that the lateral 

profile of male newts does vary with age. Differences in crest shape were 

discovered between younger and older male newts with these characteristics 

subsequently being lost as age continued to increase. No differences in crest 

characteristics were found when related to condition, mass or SVL despite 

previous research suggesting these factors may be related (Baker, 1992; Baker & 

Halliday, 2000; Palau Daval et al., 2018). However, the small sample size means 

that further research is needed to examine these factors more thoroughly but the 

use of semilandmarks to quantify variation in shape may prove very useful in 

studies attempting to understand mate preference in newts.  

 

6.4 Further research 

It is hoped that the site will continue to be monitored in the coming years 

(only one sample was taken in March 2020) and the methodology employed in 

this thesis will continue to be applied to new data. This will allow a greater 

understanding of how this population may change in light of short-term, e.g., as 

the result of a very hard, cold winter, or over the longer term, e.g., in relation to 

climate change. Further population analysis using the Jolly-Seber method would 

be beneficial to look at other factors such as detection probability, survival rates 

and recruitment rates to provide an even deeper level of understanding into the 

intricate dynamics of this particular T. cristatus population. 
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Aside from the broader understanding of how populations change over 

long periods of time, identifying individual newts has been shown to provide 

opportunities to study populations in more detail. Time constraints prevented 

me from identifying the newts that had only been captured once or twice. 

Further analysis could provide age estimates for all individuals and so allow for 

age tables to be constructed for each year to determine any changes within and 

between breeding seasons.  

Gaining photographic data of crest morphology from a wider range of 

sampling events would also be useful to allow for deeper analysis of the factors 

relating to crest height in male great crested newts and how these factors may 

change throughout the breeding season. This study quantified the lateral profile 

of the male newts which is only one aspect of their morphology. Further research 

into a more extensive variety of characteristics such as size, shape and 

colouration would be beneficial to provide a more thorough understanding of the 

intricacies of male crest development. 

It would be interesting to assess the relationship between genetic 

relatedness and spot patterns in great crested newts. It is unclear whether the 

ventral pigmentation pattern reflects is an inherited trait or whether the 

deposition of spots is purely random.  
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