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Abstract
Changes in the climate appear to be affecting the reproduction phenology of many
taxa, especially amphibians. Sensitive organisms, like newts, could struggle to adapt
to ecological disturbances that occur as a result of these climate-induced
phenological shifts in the future. Shifts in the timing of migration of three species of
newt (Triturus cristatus, Lissotriton helveticus and Lissotriton vulgaris) had been found
in Kent in the south-east of England between 1996 and 2010 (Skinner, 2010). This
study looked to examine whether these shifts were a consequence of changes in
climatic variables through a series of statistical analyses including log-linear models.
It was found that T. cristatus and L. vulgaris had delayed arrival times at their
breeding ponds over the study period which were strongly associated with
increasing maximum temperature throughout the fourteen year study period. L.
helveticus had advancing arrival times, which were significantly linked to increasing
mean temperature over this time. Climate projections for the south of England for
2080 suggest that maximum and minimum temperatures are set to rise in the
summer by approximately 5.40C and 4.10C respectively. With results from this study
demonstrating that the shifts in phenology seen in the three newt species are
strongly related to increasing temperatures, it is recommended that further research
is carried out to investigate the trends of other populations in the south. There is also
a need to investigate the ability of newts to adapt to the changing climate by
examining the genetic variation of the populations.

Word count: 11,119
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1. Introduction
1.1 Research focus
Climate change is not a recent phenomenon. There have been many widespread
climate change events throughout the last several millions years but evidence
increasingly shows that, since at least 1750, humans have forced major changes to
happen more regularly (Alley et al, 2003). Abrupt changes in the climate, especially
those attributed to the human population, are particularly problematic for those
species that are long-lived, sedentary or sensitive to change (Alley et al, 2003). One
consequence of climate change for these species is alterations in their phenological
timings.
Phenology is defined as “the study of the timing of recurrent biological events,
the causes of their timing with regard to biotic and abiotic forces and the
interrelation among phases of the same or different species” (Lieth, 1974).
Phenological events can range from the interaction between prey and predator
emergence or the time of breeding by species and, in recent decades, there has been
increasing evidence that phenological changes are occurring throughout different
taxa. These changes are thought to be, at least partly, in response to escalating
climate change. Shifts in timing have been seen to a varying degree including
advancement of egg-laying by birds (Both and Visser, 2001) and earlier spring
flowering in plants (Cleland et al, 2007).
One consequence of alterations in timing of phenology is that they may happen
too quickly for a species to adapt, affecting its foraging capabilities. Visser and
Holleman (2001) found that the winter moth Operophtera brumata egg hatching was
becoming less synchronised with the bud burst of the oak Quercus robur. An increase
in spring temperatures meant that the bud burst was occurring earlier and so the
moth caterpillars were losing their food source, leading to a decline in the
population. The timing alterations in one species can go on to affect other
interactions between species or even entire ecological communities depending on the
degree of the phenological shift (Walther et al, 2002).
8

In theory, amphibians are particularly sensitive to climate change as they are
ectothermic as well as having seasonal activity patterns (Carey and Alexander, 2003).
A meta-analysis by Parmesan (2007) looking at phenology studies showed that out
of all the taxa examined in their study, amphibians had the most significant shifts in
their breeding timing especially compared to trees, butterflies and birds. It is
important to understand the interaction of amphibians with climate in order to
accurately predict how their behavior, life history and development may vary with
different climate scenarios. Changes in the climate are particularly important in the
timing of migration and reproduction in amphibians as these can rely on the
hydrology of their breeding ponds, especially in areas where ponds are likely to dry
up intermittently (Jakob et al, 2003). Amphibians could also be useful as biodiversity
indicators due to their sensitivity to the effects of the climate and could be used to
detect environmental change within ecological communities where climate effects
are likely (Todd et al, 2010).
Newts are no exception to the pattern of phenological changes seen in
amphibians and all over the world there is evidence that the climate is altering their
phenological trends (Beebee, 1995; Chadwick et al, 2006; Todd et al, 2010). Previous
research into the movement of newts shows a shift to earlier arrival at breeding sites
(Beebee, 1995 and Chadwick et al, 2006) and, given the potential role of climate
change in phenological shifts, it has been suggested that these increasingly advanced
arrivals are climate-linked. There is much evidence that increasing temperatures
have led to earlier phenological events in amphibians (Blaustein et al, 2001;
Chadwick et al, 2006; Kusano and Inoue, 2008; Scott et al, 2008) and some evidence
that increasing temperatures have led to later phenological events (Todd et al, 2010).
Very few studies have looked into the effects of precipitation on the timing of
reproduction but it has been shown that the amount of precipitation can affect the
output of reproduction and survival of amphibians (Carey and Alexander, 2003;
Griffiths et al, 2010).
The Durrell Institute of Conservation and Ecology (DICE) in Kent has been
collecting phenological data since 1996 on the migratory behaviour of three United
9

Kingdom native species of newt on a site just north of Canterbury. These species are
the smooth (or common) newt Lissotriton vulgaris (Linnaeus), palmate newt
Lissotriton helveticus (Razoumowsky), and the great-crested newt Triturus cristatus
(Laurenti). The data collected shows, overall, a trend of increasingly late arrival by
the three species to their seasonal breeding sites between 1996 and 2009 although for
one measurement of arrival, L. helveticus was arriving earlier (Skinner, 2010). The
research highlighted above has shown that temperature and precipitation affect the
breeding phenology of amphibians. Beebee (1995) and Chadwick et al (2006)
demonstrated that newts were arriving earlier at their breeding sites and not later as
shown by the data collected by DICE. In the case of Chadwick et al (2006), the study
was conducted in Wales so there could be local climatic variables involved which are
different to those in the south of England. However, Beebee (1995) conducted his
study in southern England with one area near the site used in this thesis. Therefore it
is expected that either precipitation patterns or interactions between rainfall and
temperature can explain the later arrivals of newts at the breeding sites examined in
this project.

1.2 Aims and objectives
The aim of the project is to investigate whether there is any relationship between
climatic variables and the trend in arrival time for the three species of newt. It will
look at the differences in arrival time between the three species and whether climatelinked changes in arrival time varied between the two breeding ponds. This will be
done by examining relationships of arrival times with temperature and precipitation.
The outputs from this study can be used to inform conservation management of
these newts, especially Triturus cristatus which is a priority species under the UK
Biodiversity Action Plan. The data can also be used to evaluate potential outcomes
for newts under their current management plans in order to allow easier integration
of climate change adaptation policies in the future (Heller and Zavaleta, 2008). Data
from this study can provide a baseline for future investigations and can be used to
determine where to direct resources for further research, especially in the south-east.
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This study has several objectives and hypotheses:
1) Determining which climatic data was most suitable for predicting the temporal change
in the migration of newts. The climatic variables used were maximum, minimum
and mean temperatures and total precipitation. More detail is given in Section
3.1 in the Methods.


Hypothesis 1: It is predicted that newts with delayed arrival time will
have strong relationships with increasing temperatures. Mean and
minimum temperatures are expected to be particularly important as they
had strong correlations with later arrival times in the Todd et al (2010)
study.



Hypothesis 2: It is also expected there will be correlations between arrival
time and rainfall. Griffiths et al (2010) found that newts in the south-east
of England were particularly sensitive to heavy winter rainfall events
which lead to low annual survival so it is expected that rainfall will also
have an effect on their phenology.

2) Investigating which time-scale was most important for explaining the temporal
variation in the migration of newts. Examples of time-scales used are the winter
months before arrival and the month before arrival at the breeding site by the
newts.


Hypothesis 3: It is expected that the newts will have stronger
relationships with climatic factors at more broad time-scales such as
winter and spring temperatures (Beebee, 1995; Griffiths et al, 2010).

3) Examining differences between the effects of climatic variables on the three species of
newt Lissotriton vulgaris, Lissotriton helveticus and Triturus cristatus. Differences
in arrival time by the different species which could be due to their reaction to
individual climatic cues.
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Hypothesis 4: It is expected that the three different species of newt will
react to different climatic factors due to variation in how far they
migrate. For example, T. cristatus is expected to be more sensitive to
climatic factors in its migration as the species can migrate up to a
kilometre away from its breeding ponds (Jehle et al, 2011).

4) Investigating the difference in migration timing between two different ponds at the
breeding site in Kent and what climatic factors might be causing the difference. The
two different pond systems are found in different habitats at the breeding site.
The first, the Snake pond, is a semi-natural pond in a small woodland copse
surrounded by arable fields. The second, the Garden ponds, are three small
ponds in very close proximity within the farmhouse garden which mostly
consists of a grass lawn.


Hypothesis 5: It is expected that the newts at the two pond systems will
have different shifts in phenology and relationships with climatic
variables. This is because, although the two pond systems are
reasonably close together, the newts at each pond are likely to have
slightly varied resource requirements and responses to the climate.

1.3 Thesis structure
Section 2 gives a brief introduction into global climate change, how this is impacting
the phenology of different taxa and the specific impact on the phenology of
amphibians. It then describes the biology and ecology of newts and their
conservation status in the UK. Finally, a brief description of the study site is given.
Section 3 describes the methods used to obtain the climatic data and arrival time data
of the newts. There is then a detailed description of the statistical tests including
identifying important climatic variables and time-scales and using general linear
models to determine what effects these had on the shifts in arrival time.
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Section 4 presents the results of the study from the preliminary analysis and the
general linear models.
Section 5 discusses the results of the study and examines how they might be used to
inform conservation management. Limitations and recommendations for further
research are also considered.
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2. Background
2.1 Global climate change
Many ecosystems and species are struggling to adapt to the changes in the
climate that have occurred since the 20th century. Article 1 of the United Nations
Framework Convention on Climate Change (UNFCCC) defines climate change as
“change of climate which is attributed directly or indirectly to human activity that
alters the composition of the global atmosphere and which is in addition to natural
climate variability observed over comparable time periods” (UNFCCC, 1992). Using
this definition, evidence shows that climate change has been occurring at least since
1750, when humans started increasing their use of greenhouse gases such as carbon
dioxide and nitrous oxide (IPCC, 2007). The last decade, in particular, has been one
of the warmest on record corresponding with an increasing trend in temperature
over the last 100 years (IPCC, 2007). Especially in the northern hemisphere,
precipitation is increasing and elsewhere the frequency of droughts is more
prevalent (IPCC, 2007).
Major changes in climatic variables are not just a recent phenomenon.
Widespread climate change events have happened throughout the last several
million years, but there is increasing evidence that humans have forced more regular
and extreme events (Alley et al, 2003). There is the ongoing slow change in the
climate which most organisms and ecosystems can adapt to but the more pressing
predicament is that of abrupt changes in the climate, recently attributed to humans,
which is problematic especially for long-lived, sedentary or particularly sensitive
species (Alley et al, 2003) and the communities they live in.
2.2 Climate change effects on phenology
One of the areas where climate change is having an increasing effect is in the
phenology of living organisms. Phenology is “the study of the timing of recurrent
biological events, the causes of their timing with regard to biotic and abiotic forces
and the interrelation among phases of the same or different species” (Lieth, 1974).
14

This covers many different aspects of seasonal activity ranging from the timing of
breeding to when migration of species occurs. In recent decades, increasing evidence
has shown that phenological changes have been occurring in many different taxa.
The effects of the climate on these changes in phenology have been studied in many
taxa across the world ranging from the appearance of butterflies in the spring (Roy
and Sparks, 2000) to the breeding phenology of red deer throughout the year (Moyes
et al, 2011). The consequences that changes in climatic variables can have on the
phenology of species could be minimal but for those species that are generally more
sensitive, like some amphibians, the changes in distribution or population dynamics
could be followed by significant population level-effects (Blaustein et al, 2001).
Many of the studies into phenology and climate change interactions have
been carried out on insects. Roy and Sparks (2000) studied the appearance of British
butterflies in spring and found that first appearance had advanced significantly in
the last two decades. Out of the vertebrate organisms studied, birds have dominated
with other species largely being overlooked. A study on the pied flycatcher (Ficedula
hypoleuca) by Both and Visser (2001) showed that its date of egg laying had also
become earlier in the last twenty years. In the case of tree swallows, Dunn and
Winkler (1999) found that their egg-laying date had advanced nine days in the last
thirty years in response to spring temperature.
One reason birds are so well studied in terms of the effects of climate change
on phenology is that many species are migratory and these species are viewed as
being particularly sensitive if seasonal events change. Foster et al (2010) found that
three winter resident bird species on an island in Texas were exhibiting patterns of
later arrival and earlier departure which reflects the increasing winter temperatures
in the area. This shortening of the birds‟ wintering season could be detrimental to
the birds as it means they may not stock up on the food necessary to migrate to their
summer grounds. Examples of other vertebrate species that have been affected by
climate change include the advancement of breeding phenology in red deer
including the oestrus date and when rutting was occurring (Moyes et al, 2011).
Marine ecosystems are also affected and Edwards and Richardson (2004) found that
15

many pelagic organisms were shifting their reproduction phenology in response to
climate change.
Plants have also been extensively studied in relation to climate change effects
on phenology, especially tree species (Badeck et al, 2004). Chmielewski and Rötzer
(2001) chose the leafing dates of four tree species in Europe for their study and
showed that across Europe, the increase of temperatures between February and
April over the last thirty years has advanced the growing season of these trees by
eight days. This advancement of breeding in trees is not just restricted to single
species. A study modelling the effects of climate change on whole forest ecosystems
in Europe included both moisture- and temperature-driven phenology in its
parameters. The authors found that for each of boreal coniferous, temperate-zone
deciduous and Mediterranean coniferous forest ecosystems, the phenology affected
the growth response and, therefore, the competitive outcome of species in any of the
given climate change scenarios used (Kramer et al, 2000). This highlights the fact that
climate change effects on phenology of single species can also affect the entire
community. Temperature also plays a key role in the flowering times of plants which
has economic and evolutionary consequences. Fitter et al (2002) found that some
plant species that were flowering earlier were naturally hybridising with species that
they would not have normally had the chance to encounter and vice versa due to
increases in spring temperatures in Britain. This affects the population dynamics of
the different species and potentially the interactions with pollinators which could
affect the ecosystem overall.

The majority of studies looking at climate change effects on phenology have
been undertaken in the spring focusing on the timing of breeding events. Most of the
studies looked at in this literature review found evidence of advancing phenological
events. Due to this evidence of advancement in a number of taxa, many authors have
drawn the conclusion that climate change is the cause through either changing
temperatures or changing levels of moisture (Visser and Both, 2005). One of the
longest studies available in the literature spanned 46 years of data (Fitter et al, 2002)
on flowering plants but many studies only have data for less than 30 years. Whilst
16

these show evidence that changing climatic variables could be influencing a shift in
phenology, they are not long enough time-periods to link the observed shifts to
„climate change.‟

2.3 Climate change and amphibian phenology
Amphibians are thought to be more susceptible to changes in climatic
variables than many other taxa (Parmesan, 2007). Climate change has the ability to
alter amphibian population dynamics and the timing of breeding events. It could
also increase their vulnerability to disease, change their distribution patterns and
affect their dispersal routes (Carey and Alexander, 2003; Carvalho et al, 2010;
McCaffrey and Maxell, 2010). In a meta-analysis by Parmesan (2007) it was found
that, of all the taxonomic groups examined, amphibians showed a greater shift to
earlier phenological events with these advancing almost twice as quickly as those of
trees, birds and butterflies. Although there may be discrepancies in different
methodologies or timescales (Beebee and Griffiths, 2005), especially as there are very
few long-term datasets on amphibians that are sufficient for climate change analyses
(Chadwick et al, 2006), the evidence from many studies supports this phenological
shift by amphibians and shows that amphibian breeding events do appear to be
getting earlier, especially in the spring. This could be due to amphibians‟
susceptibility to shifts in temperature and moisture as they have ectothermic
physiology and a reliance on water in which to lay eggs and prevent evaporation
from their skin (Todd and Winne, 2006).
One way to study the effects that changes in the climate might have on the
breeding phenology of amphibians is to look at the occurrence of spawning. Beebee
(1995) found that spawning dates in the south of England for the introduced edible
frog Pelophylax kl. esculentus (formerly Rana kl. esculenta) were negatively correlated
with average maximum temperatures in March which is, on average, the month
before they start to breed. The spawning dates advanced on average nine to ten days
with every 10C increase in maximum temperature which is a rapid change for a
relatively long-lived species. Similarly, the first spawning occurrence in the
17

common frog (Rana temporaria) across the United Kingdom was found to be
advancing by 5.1 days with every 10C increase in Central England Temperature
(Carroll et al, 2009). This study is also supported by Scott et al (2008)‟s study on R.
temporaria although their England-wide study found a slightly greater advancement
in spawning of 5.4 days. The two latter studies show a significant association
between advancement of spawning and increased temperatures but both have
relatively short study periods: nine years for Carroll et al (2009) and twelve years for
Scott et al (2008)‟s study. Therefore, although they are valuable additions to the
knowledge of how temperature may affect the breeding of R. temporaria, the results
could be confounded by a relatively small amount of data for studies looking at
shifts in phenology. With smaller datasets, the chances of finding significant results
can become greater and often results are false-positives. Further studies can help
reduce this risk.
There is evidence from Japan supporting earlier spawning in amphibians.
Kusano and Inoue (2008) looked at a number of datasets ranging from 12 year to 31
year periods. This study found that the first date of spawning was advancing in
correlation with the mean monthly temperature from the month just before the
breeding season for three amphibian species, the Tokyo salamander (Hynobius
tokyoensis), the montane brown frog (Rana ornativentris) and the Kinugasa flying frog
(Rhacophorus arboreus). This is one of the first amphibian phenology studies from
temperate East Asia and shows that shifts in the timing of amphibian breeding are a
global issue.
Very few studies have occurred outside of the spring breeding period.
However, Todd et al (2010) looked at a number of different amphibians in the
southern United States of America. Both of the two autumn breeding species, the
dwarf salamander (Eurycea quadridigitata) and the marbled salamander (Ambystoma
opacum) were arriving at their breeding grounds significantly later towards the end
of the thirty year study. However, the two winter breeding species, the tiger
salamander (Ambystoma tigrinum) and the ornate chorus frog (Pseudacris ornata) were
arriving at their sites earlier. The autumn breeding species‟ increasingly late arrival
18

was correlated with increasing over-night temperatures in the months before and
during their breeding season. The winter breeding species were also correlated with
increasing over-night temperatures but these were negative and increased
precipitation also affected these results. This shows that, although there is evidence
of correlations between changing climatic variables and phenological shifts, it is hard
to predict how climate change may affect different species.
There are some studies that do not reach a strong conclusion about the effects
the climate might be having on phenology, despite evidence from previous studies.
Blaustein et al (2001) studied four North American anuran species and found only
weak evidence that some species at different sites might be shifting towards earlier
breeding with increasing temperatures. They concluded that, although breeding
patterns should be monitored, climate change was probably not the reason that
many amphibian populations were declining. This could be a little nonchalant as
Beebee (2002) points out; although Blaustein et al (2001) could not find statistically
significant trends, even slight trends over time could prove detrimental to the
species. Therefore, although there might not be obvious links to climate change in
some species declines, it cannot be assumed that this is the case for all species.
However, it is due to studies like that of Blaustein et al (2001) that drawing
conclusions about the effects of climate change on amphibians has to be done
carefully as they illustrate that not all amphibian species may be negatively affected
by the alteration in climatic variables.
Research into how the phenology of amphibians is being affected by climate
change focuses mainly on arrival at breeding grounds in the spring. Beebee (1995)
was one of the earliest studies on this in the UK and found that the smooth newt
Lissotriton vulgaris was entering its breeding ponds in southern England significantly
earlier by the end of the seventeen year study period than at the beginning. There
was a strong negative correlation between the pond arrival date and the average
maximum temperature the month before arrival. Supporting this evidence is a study
by Chadwick et al (2006) which looked at the arrival of two species of newt at a pond
in mid-Wales. The study found that both L. vulgaris and Lissotriton helveticus had
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increasingly advancing median arrival dates at their breeding pond over a 25 year
period. These arrival dates were significantly correlated with average minimum
temperatures in preceding months.

2.4 Newt biology and ecology
There are three native newt species in the United Kingdom. These are the
smooth or common newt Lissotriton vulgaris (formerly Triturus vulgaris), the palmate
newt Lissotriton helveticus (formerly Triturus helveticus) and the great-crested newt
Triturus cristatus. L. vulgaris and L. helveticus are both small, brown newts with pale,
pink/orange bellies although L. helveticus are usually slightly larger. They are easier
to tell apart in the breeding season when L. vulgaris males grow a crest (see Figure
2.1). During the aquatic breeding season, they both have overlapping niches and eat
a variety of similar foods such as aquatic crustaceans. It does appear that L. helveticus
can survive slightly drier conditions than L. vulgaris and are more likely to be found
further from water. T. cristatus are larger and more colourful than the two smaller
newts.

b)

a)

c)

Figure 2.1 The three species of newt. a) Male Triturus cristatus, b) Male Lissotriton helveticus
and c) Male Lissotriton vulgaris in breeding season. (a) and b) taken by C. Simm, c) by K.
Upton)

The life history of the UK newts follows the cycle of hibernation, moving to
still (or relatively still) freshwater in February to breed and do most of their feeding
20

and then moving back onto land in June-July. All three species are generalists and
feeding whilst at their breeding grounds is an important part in attaining food
resources (Jehle et al, 2011). The newts feed mostly on invertebrates including
crustaceans (Griffiths, 1986) though amphibian eggs and larvae will also feature in
their diet. However, L. vulgaris and L. helveticus will avoid Bufo species as these are
less palatable (Jehle et al, 2011).
The adult newts usually have strong fidelity with particular breeding sites
and often return to where they were born (Malmgren, 2002). It is thought that they
find their migration routes by visual and olfactory cues. Newts are primarily
nocturnal and, due to the fact that they often migrate at night when it is cooler and
the air has more moisture, it is thought that they might also navigate using celestial
signs (Jehle et al, 2011). Migration generally occurs in straight lines and will follow
downward slopes where they exist as these usually indicate direction towards areas
with increased moisture (Jehle et al, 2011). The start of migration is usually initiated
by temperature and moisture combined. For T. cristatus, it is known that night air
temperatures need to regularly be above 4-50C for migration to occur (Jehle et al,
2011). Although newts have high fidelity to their breeding pond, there is often
migration between adjacent ponds that are very close by (Jehle et al, 2011). This
could be associated with increasing their foraging and reproduction capabilities,
especially if the ponds in the area are all quite small.
Little is known about the terrestrial phase of the newts as they are harder to
observe (Jehle et al, 2011) especially when they are building up resources before
hibernation. However it is known that migration distances to and from ponds is
limited by the availability of shelter from predators and the heat of the day to avoid
desiccation. It is very rare that the newts in the UK will overwinter in the ponds after
they have bred although during mild winters, L. helveticus and L. vulgaris can
occasionally be found in the water. T. cristatus are the most likely to find terrestrial
cover in which to hibernate (Jehle et al, 2011).
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2.5 Conservation status of newts in the UK
Of the three species of newt native to the United Kingdom, only T. cristatus is
regarded as threatened with a reduced distribution. Elsewhere, the three species are
found across Europe and are listed by the IUCN Red List as being Least Concern. L.
helveticus is found in Western Europe ranging from the Netherlands to the Czech
Republic. It is endangered in the Netherlands, Belgium and Luxembourg but is
common enough in the rest of its range to be considered unthreatened (Arntzen et al,
2008a). Threats to the species include eutrophication and pollution of breeding sites
and the introduction of predatory fish and crayfish. It also suffers from
desertification in the southern part of its range (Arntzen et al, 2008a). It appears on
Appendix III of the Bern Convention which protects it from exploitation throughout
its range, including in the UK (JNCC, 2011a).
L. vulgaris is found throughout most of Europe, although notably absent from
the Iberian Peninsula. It is under less threat than L. helveticus although they
experience similar localised threats. L. vulgaris is commercially sought after in Russia
and Eastern Europe but is not experiencing over-exploitation (Arntzen et al, 2008b).
Like L. helveticus it is listed under Appendix III of the Bern Convention and therefore
in Great Britain is protected from trade. In Northern Ireland, higher protection exists
including measures against killing, injuring and disturbance.
T. cristatus experiences the most protection out of the three species of newt
found in the UK despite the fact that its range across Europe spreads as far as
southern Scandinavia and western Siberia. It is known to be declining in some areas
of its distribution, one of which is the UK so, although it is listed as Least Concern on
the IUCN Red List, it has more protection across its range than the other two species
of newt (Arntzen et al, 2008c). The reason it is declining is that it is more sensitive to
water quality changes than other newt species found in Europe. Therefore pollution
and eutrophication of breeding sites are amongst the major threats for the species. It
is also at risk from habitat destruction and the increase of diseases like ranaviral
diseases and chytridiomycosis (Jehle et al, 2011). T. cristatus is listed on Appendix II
of the Bern Convention giving it protection from capture and killing, destruction of
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its habitat and any disturbance and trade. It is also found on Annexes II and IV of
the EU Natural Habitats Directive which promotes the creation of Special Areas of
Conservation (SACs) for the species listed and protects the species itself (JNCC,
2011b).
In the UK, specifically, T. cristatus has a national Biodiversity Action Plan
(BAP) which states the measures that need to be taken to conserve the species. BAPs
are the UK government‟s response to signing the Convention on Biological Diversity
(CBD) at the 1992 Rio Earth Summit (Jehle et al, 2011). All public bodies in the UK
are legally bound to regard conservation of T. cristatus when carrying out their work
including destruction and disturbance of habitat.
As yet, the impacts of climate change on the three species of newt are poorly
known. Chadwick et al (2006) and Beebee (1995) have shown that temperature and
arrival dates at breeding ponds are linked, with both their studies demonstrating
that the Lissotriton species have a trend of arriving earlier. T. cristatus is the rarest of
the three species in the United Kingdom and is in decline; however there has been
very little research into the effects of the changing climate on the species. Griffiths et
al (2010) did demonstrate that the increase in warmer, wetter winters has affected the
annual survival of the species but there has been little investigation into the effects of
the climate on the species‟ phenology. Measures against climate change do not
appear in the T. cristatus BAP, inluding the updated version from 2008. This
information is needed in order to examine any consequences of climate-driven
phenological changes such as effects on resource-availability and competition
(Chadwick et al, 2006). Only then can measures against climate change be
incorporated into conservation action for the newts.

2.6 Study site description
The study site for this project is four pond systems on a farm on the Blean
plateau which can be found about 3.5 kilometres north of Canterbury in Kent. The
ponds are scattered through a landscape that consists of a mixture of arable land and
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orchards interspersed with hedges and semi-natural woodland. The village of Tyler
Hill is close by to the south and there is a farmhouse on site but otherwise, there is
little human habitation (Griffiths et al, 2010).
The ponds themselves are between 200 and 800 metres apart which is close
enough for the newts to move between. The next nearest pond outside of the site is
more than a kilometre away which is further than the normal dispersal distance of
newts, allowing the site to be considered in isolation. Of the four pond systems, this
study only looks at two because, although all three species of newt have been found
at every pond over the last sixteen years, only two of the ponds have regularly been
home to Triturus cristatus making them comparable for this study.
The Snake pond is semi-natural in origin and is found in a little woodland
copse surrounded by arable fields. The vegetation around the pond is connected to
hedges that divide the fields. The pond is variable in its size and water depth due to
its reliance on rainfall meaning that in the spring/summer breeding period it is
normally between 160 and 270 m2 with a maximum depth of about 2m. The other
pond system used in this study is the Garden pond system. This consists of three
man-made ponds in the garden of the farmhouse but as these ponds are all within
2m of each other and the newts appear to move freely between them, they are
treated as one pond for this study. The largest of the ponds is 32m2 and the smallest
is 4.5m2 though they too depend partly on rainfall. The largest pond has a maximum
depth of approximately 1m. There are hedges about 3m away from the pond which
also border arable farmland (for pictures of the study site see Appendix 1.
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3. Methods
3.1 Obtaining climatic data
The climatic data explored in this study were chosen to cover a broad range of
climatic types. These data consist of minimum, maximum and mean temperature as
well as total precipitation. Temperature and rainfall are the two climatic factors that
are the most crucial to the survival of amphibians as they play major roles in
reproduction and breeding migrations (Todd et al, 2010). Many studies looking at
climate change effects on the phenology of amphibians completely ignore
precipitation despite the fact it is also crucial in pond hydrodynamics (Todd et al,
2010). It has also been suggested that some studies have found significant shifts to
earlier breeding due to just using one type of temperature data (Parmesan, 2007). By
covering all these variables, it can be ensured that crucial information is not missed.
Climatic data from 1995 until 2010 were obtained from the Meteorological
Office website. For temperatures, the Hadley Centre Central England Temperature
(HadCET) dataset (Parker et al, 1992) was used including daily minimum, maximum
and mean daily temperatures. These data are obtained from thirty stations within
the roughly triangular area of England enclosed by Lancashire, London and Bristol.
For precipitation, daily total rainfall data was used from the United Kingdom
regional precipitation (HadUKP), specifically South-east England data (Alexander
and Jones, 2001). These data were collected from rainfall stations across the southeast of England and then averaged out to produce a data series for the area. These
data were selected as they had the daily averages required for this study and come
from long-running datasets that are extremely reliable as they have been examined
carefully and any bias or inconsistencies have been removed (Parker and Horton,
2005).
The CET dataset has been used regularly for phenological studies in the UK
and is representative of much of the UK (Roy and Sparks, 2000; Chadwick et al,
2006). To ensure that the CET dataset was also representative for east Kent where
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this study occurred, data were also downloaded from the Meteorological Office
historical station data website
(http://www.metoffice.gov.uk/climate/uk/stationdata/) for Manston (63023‟ E
16061 N) on the Kent coast near Canterbury. These data are only monthly data and
therefore not suitable for the main analysis but a Pearson‟s correlation analysis was
carried out to compare it to the CET dataset for maximum temperature they were
found to be highly correlated (r=0.991, df=176, p<0.001).

3.2 Newt arrival data collection
The dataset for the arrival dates of the newts at the site in Canterbury was
obtained from Professor Richard Griffiths at the Durrell Institute of Conservation
and Ecology, University of Kent and builds on previous research done by Kathryn
Skinner who first noticed the shifting trends in phenology at this site (Skinner, 2010).
The response variable, arrival time, was measured in three different ways to allow
for consideration of any changes in breeding phenology. The first arrival week was
when the initial individual of the species was trapped. In order to take into account
any possible anomalous early arrivals or any potential bias from different
population sizes, the second measure was the week when 5% of the total number of
the species trapped at the pond that season had arrived. The third measure was the
mid-season week when 50% of the species trapped had arrived at the pond. Species
at the two pond systems, Snake pond and the Garden ponds, were analysed
separately due to the different habitats that these sites provide, which could lead to
diverse relationships with climatic variables. The dataset with these arrival
measurements for each of the three species can be seen in Appendix 2.
The arrival data for the newts was collected by using weekly funnel trapping
events in the pond systems at a site on the Blean plateau, just north of Canterbury,
Kent. A description of the site is described in Section 2.6. This trapping has been
undertaken every year since February 1996. Trapping started on the last Thursday of
February and continued until no newts were caught or the ponds dried up to the

26

point where trapping was no longer possible. Over the 14 year period, as a result of
variation in the arrival time of the newts, the trapping season varied in duration
from 19 to 28 weeks depending on the year. The traps used were funnel traps made
from 1L plastic bottles by cutting off the top and inserting it, neck first into the rest of
the bottle. This encourages the newts to swim into the trap but makes it hard for
them to escape again. These traps were placed at approximately 2 metre intervals
around the edge of the ponds. The Garden ponds had up to 26 traps between them
depending on water depth and the Snake pond had 33. Trapping was carried out on
a Thursday evening between 19:30 and 22:00 and the traps were removed, with
species being recorded, the next morning (Friday) between 7:30 and 9:30. The
variation in the timing of the setting and emptying of the traps was dependent on
sunset and sunrise. Data from 2011 was not included in this study due to a long
trapping season that continued after analyses were started.

3.3 Data analyses
3.3.1 Introduction
The data analyses were divided into three parts. The first two were
exploratory analyses to determine what trends existed in the data and which climatic
variables and time-scales were potentially important in explaining these trends, and
therefore represent variables for inclusion in the third stage of analysis. Firstly,
correlations were carried out between the year and each measure of arrival time in
order to determine whether there were any trends present which could inform
which measures of arrival time may be most suitable for further analyses. The
second stage of analysis was to correlate the climatic variables (average mean,
minimum and maximum temperatures and average daily rainfall) with arrival time
to see which of these were important and therefore would be included in the final
log-linear models (general linear model). Different time-scales (ranging from 90 days
to 30 days before arrival time) were also correlated against the three separate arrival
measurements in order to see if the newts had varied relationships with climatic
variables over broad time-scales, like winter and spring, and finite time-scales, like
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the month before they arrived. Finally, in the third stage of analysis, log-linear
models were carried out to establish which climatic variables at which time-scales
could explain the trends seen in the arrival times.
3.3.2 Part 1 of analysis: Correlations of years with arrival times
Graphs were produced using R version 2.13.0 (R Development Core Team,
2011) with trend lines to visually show whether the different measurements of
arrival times had positive or negative trends when plotted against year. These were
statistically analyzed using Pearson‟s correlation to determine whether the arrival
times were changing over time. The arrival time measurements chosen for further
analyses were those with a correlation coefficient greater than 0.25 in order to ensure
each species had at least one arrival time measurement at each pond for further
analyses.

3.3.3 Part 2 of analysis: Correlations of climatic variables and time-scales with
arrival times
Using the daily CET and UKP datasets, mean temperatures were calculated
for a total of 90 days, 60 days and 30 days preceding the week of arrival for all three
species in order to include winter and spring months in the analysis. The mean
values for the species arrival weeks at the two ponds were calculated separately.
This was repeated for all four climatic variables – minimum temperature, maximum
temperature, mean temperature and rainfall. The means were calculated in this way
in order to determine which timescales were most important in explaining newt
arrival times at the ponds.
Climatic exploratory data analysis involving scatter plots and univariate
linear regression analyses in R version 2.13.0 (R Development Core Team, 2011) was
used to look for relationships that would help determine which climatic data at
which time-scale would be most useful in further analysis. These analyses were done
on those arrival measurements that were found to have significant trends when
correlated with years in the first part of the analysis. Climatic variables and time28

scales that did not have significant relationships with arrival time were not included
in the general linear models.

3.3.4 Part 3 of analysis: General linear models
Once it was determined which climatic variables were most useful for further
analysis, log-linear models (general linear model) were used to determine if there
was a relationship between when the newts were arriving and the relevant climatic
variables and time-scales. As the response variable, the week of arrival of the newts,
was count data, a Poisson distribution was used or quasi-Poisson if the variance was
greater than the mean. The three different measurements of arrival time are
explained in Section 3.2.
The explanatory variables were time-scale, minimum temperature, maximum
temperature, mean temperature and rainfall. The different time-scales were included
in order to see which was most suitable for explaining variation in newt arrival time
and, therefore, the time-scale at which newts respond to climatic fluctuations. The
models were initially run including all the variables (maximal model), including
interactions between the different measurements of temperature and rainfall. Then
the models were simplified by removing non-significant factors until the simplest
explanatory model was found (Crawley, 2007). Models were compared using
Akaike‟s information criterion (AIC) (Akaike, 1974) which is a measure of model fit.
All statistics were carried out using R version 2.13.0 (R Development Core
Team, 2011).
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4. Results
4.1 Part 1: Relationship between time of arrival and year
The graphs plotted to show arrival trends of the newts throughout the
fourteen year period demonstrated that both Triturus cristatus and Lissotriton vulgaris
at both the Garden ponds and the Snake pond showed trends towards later arrivals
as time increased (Figures 4.1 – 4.4). For T. cristatus, the relationships were stronger
at the Garden ponds especially at the 5% arrival measure. For L. vulgaris, the Snake
pond had stronger positive associations than at the Garden ponds, especially for the
first arrival weeks.
Lissotriton helveticus (Figures 4.5 and 4.6), however, showed a different set of
relationships. Again, the patterns were similar at both ponds but the first arrival and
5% arrival weeks showed very little or no trend meaning that the arrival times have
remained constant over the fourteen year study period. The weeks of 50% arrival
showed a negative relationship with time meaning that by mid-season, the newts
were arriving earlier during the study period.
Pearson‟s correlation analyses were run for all of these relationships and the
results can be seen in Table 4.1. In order to have at least one measurement of arrival
time for each species at each pond, the arrival measurements that were selected for
further analyses were those with a correlation coefficient greater than 0.25 (whether
positive or negative). This method was chosen instead of using statistically
significant correlations as only two of the arrival measurements from all the species
were statistically significant. The outcome of this selection can be seen in the final
column in Table 4.1 and the arrival measurements suitable for further analyses are
highlighted in bold text. Only one measurement of arrival time was suitable for the
species at each pond except for T. cristatus at the Garden ponds and L. vulgaris at the
Snake ponds for which all three measures of arrival time showed strong variation
with climatic variables.

30

Table 4.1: Correlation analysis results for the trend of arrival time measurements
throughout the fourteen year study period. The final column shows those arrival time
measures that will be used in further analyses determined by a correlation coefficient greater
than 0.25. The rows highlighted by bold text are those arrival measurements suitable for
further analysis.
Pond

Species

Garden

Triturus
cristatus

Garden

Lissotriton
vulgaris

Garden

Lissotriton
helveticus

Snake

Triturus
cristatus

Snake

Lissotriton
vulgaris

Snake

Lissotriton
helveticus

Arrival week
measure

Positive or
negative trend

Correlation
coefficient (r)

Correlation
coefficient
> 0.25?

First
5%
50%
First
5%
50%
First
5%
50%
First
5%
50%
First
5%
50%
First
5%
50%

+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
-

0.443
0.814
0.351
0.105
0.259
0.131
0.105
-0.026
-0.333
0.100
0.147
0.533
0.603
0.501
0.338
0.009
0.044
-0.333

√
√
√
X
√
X
X
X
√
X
X
√
√
√
√
X
X
√

4.2 Part 2: Climatic variables and time-scales
Once it was decided which measurements of arrival time were to be used, it
had to be determined which climatic variables were likely to be the most informative
for explaining the trends seen in arrival times. Due to the large number of possible
explanatory variables, an exploratory analysis was conducted in order to see which
variables could be included in the full general linear models. This was done by
creating linear regressions to look for relationships between the climatic variables
and the time of arrival by the newts. The results of these regressions can be seen in
Table 4.2 for the Garden ponds and Table 4.3 for the Snake pond.
In the Garden ponds, the three different measures of temperature (mean,
minimum and maximum) had significant relationships with the time of arrival of all
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three species. Rainfall had no effect on any of the species. However, as one of the
hypotheses for this study was that the interactions between rainfall and temperature
could explain the shifting trends in arrival time, rainfall was included for interaction
purposes. L. helveticus at the first and 5% arrival weeks did not have any difference
throughout the years (Figures 4.5 and 4.6) and did not have any significant
relationship with any of the variables so they were excluded from later analyses.
Therefore the 50% arrival week was selected as the response variable for L. helveticus.

Table 4.2: Regression analysis results for the arrival time measurements at the Garden
ponds with climatic variables and time-scales. “NSD” indicates p>0.05, “*” indicates p<0.05,
“**” indicates p<0.01 and “***” indicates p<0.001. The “+” shows that the relationship is
positive.

Explanatory
variable
Mean
temperature
Minimum
temperature
Maximum
temperature
Rainfall

Time-scale

1st

90 days
60 days
30 days
90 days
60 days
30 days
90 days
60 days
30 days
90 days
60 days
30 days

NSD
NSD
NSD
NSD
NSD
NSD
NSD
NSD
NSD
NSD
NSD
NSD

Species arrival time measurements
Triturus cristatus
Lissotriton
vulgaris
5%
50%
5%

NSD
NSD
NSD
NSD
NSD
NSD
NSD
NSD
NSD
NSD
NSD
NSD

***+
***+
***+
***+
***+
***+
***+
***+
***+
NSD
NSD
NSD

NSD
NSD
NSD
NSD
NSD
NSD
NSD
NSD
NSD
NSD
NSD
NSD

Lissotriton
helveticus
50%

NSD
*+
**+
NSD
NSD
NSD
NSD
*+
**+
NSD
NSD
NSD
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Table 4.3: Regression analysis results for the arrival time measurements at the Snake pond
with climatic variables and time-scales. “NSD” indicates p>0.05, “*” indicates p<0.05, “**”
indicates p<0.01 and “***” indicates p<0.001. The “+” shows that the relationship is positive.

Explanatory
variable
Mean
temperature
Minimum
temperature
Maximum
temperature
Rainfall

Timescale
90 days
60 days
30 days
90 days
60 days
30 days
90 days
60 days
30 days
90 days
60 days
30 days

Triturus
cristatus
50%

*+
***+
*+
**+
***+
***+
***+
***+
***+
NSD
NSD
NSD

Species arrival measurements
Lissotriton vulgaris
1st

5%

50%

Lissotriton
helveticus
50%

**+
**+
***+
**+
**+
***+
**+
***+
***+
NSD
NSD
NSD

**+
**+
***+
**+
**+
***+
***+
***+
***+
*+
NSD
NSD

***+
***+
***+
***+
***+
***+
***+
***+
***+
NSD
NSD
NSD

NSD
NSD
NSD
NSD
NSD
NSD
NSD
*+
**+
NSD
NSD
NSD
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Figure 4.1: Graphs showing the trend over time for the three arrival week measurements of
the Garden pond Triturus cristatus. Hollow circles indicate the first arrival week, filled circles
indicate the 5% arrival week and triangles indicate the 50% arrival week.

Figure 4.2: Graphs showing the trend over time for the three arrival measurements of the
Snake pond Triturus cristatus. Hollow circles indicate the first arrival week, filled circles
indicate the 5% arrival week and triangles indicate the 50% arrival week.
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Figure 4.3: Graphs showing the trend over time for the three arrival measurements of the
Garden pond Lissotriton vulgaris. Hollow circles indicate the first arrival week, filled circles
indicate the 5% arrival week and triangles indicate the 50% arrival week.

Figure 4.4: Graphs showing the trend over time for the three arrival measurements of the
Snake pond Lissotriton vulgaris. Hollow circles indicate the first arrival week, filled circles
indicate the 5% arrival week and triangles indicate the 50% arrival week.
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Figure 4.5: Graphs showing the trend over time for the three arrival measurements of the
Garden pond Lissotriton helveticus. Hollow circles indicate the first arrival week, filled circles
indicate the 5% arrival week and triangles indicate the 50% arrival week.

Figure 4.6: Graphs showing the trend over time for the three arrival measurements of the
Snake pond Lissotriton helveticus. Hollow circles indicate the first arrival week, filled circles
indicate the 5% arrival week and the triangles indicate the 50% arrival week.
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4.3 Part 3: Species relationships with climatic variables
4.3.1 Triturus cristatus
At the Garden ponds, despite the obvious trend of delayed arrival for the first
and 5% arrival measurements of Triturus cristatus (Figure 4.1), none of the climatic
variables analysed were significantly associated with arrival time. However, the 50%
arrival week did have some significant relationships with climatic variables (Table
4.2). In the simplest model, the 50% arrival week (Table 4.4) had significant positive
relationships with month (p=0.034) and maximum temperature (p<0.001). This
shows that as the maximum temperature increased throughout the fourteen year
period, the week when 50% of T. cristatus arrived became later.
Table 4.4: GLM results for the 50% arrival week of Triturus cristatus at the Garden ponds. (*)
indicates p<0.05 and (***) indicates p<0.001.

Variable
Intercept
Month
Maximum temperature

Estimate
0.513
0.179
0.110

Week of arrival
Std. Error
z value
0.456
1.125
0.076
2.352
0.028
3.957

p value
0.261
0.019
<0.001

*
***

At the Snake pond, the only Triturus cristatus arrival time measurement used
was the 50% arrival week. Like at the Garden ponds, this had significant
relationships with minimum, maximum and mean temperature in the regression
analyses (Table 4.3). In the simplest model, the 50% arrival week was significantly
associated with month (p=0.036) and maximum temperature (p<0.001) (Table 4.5).
For both the Garden and Snake pond T. cristatus, the months were examined at finer
time-scales (30, 60 and 90 days before the arrival time). However, there were no
strong associations with temperature suggesting that it takes a prolonged period of
higher temperature to delay arrival time.
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Table 4.5: GLM results for the 50% arrival week of Triturus cristatus at the Snake pond. (*)
indicates p<0.05 and (**) indicates p<0.01.

Variable
Intercept
Month
Maximum temperature

Estimate
0.974
0.131
0.089

Week of arrival
Std. Error
z value
0.418
2.331
0.062
2.095
0.023
3.831

p value
0.020
0.036
<0.001

*
*
***

4.3.2 Lissotriton helveticus
Lissotriton helveticus at both pond systems were analysed using the 50% arrival
week measure (Tables 4.2 and 4.3). At the 50% arrival week, both ponds had
negative trends indicating that L. helveticus were arriving earlier throughout the
study period. The GLM carried out for the Snake pond found no significant
associations between arrival time and climatic variables suggesting something other
than climate explains this difference. However, at the Garden ponds, mean
temperature had a significant positive relationship (p=0.024) showing that with
colder mean temperatures, arrival time were earlier (Table 4.6).
Table 4.6: GLM results for the 50% arrival week of Lissotriton helveticus at the Garden ponds.
(*) indicates p<0.05.

Variable
Intercept
Month
Mean temperature

Estimate
1.070
0.091
0.100

Week of arrival
Std. Error
z value
0.436
2.457
0.078
1.158
0.044
2.264

p value
0.014
0.247
0.024

*
*

4.3.3 Lissotriton vulgaris
The arrival week measurement used for Lissotriton vulgaris at the Garden
ponds was the 5% arrival week (Table 4.1). As the arrival weeks did not have any
significant relationships with any of the climatic variables from the regression
analyses (Table 4.2), the model was only run with the interaction between rainfall
and the different measures of temperature separately. The simplest model was one
with a significant interaction between rainfall and the maximum temperature
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(p=0.027) which also showed a significant negative relationship with rainfall
(p=0.023) (Table 4.7).
Table 4.7: GLM results for the 5% arrival week of Lissotriton vulgaris at the Garden ponds
including the interaction between maximum temperature and rainfall. (*) indicates p<0.05.

Variable
Intercept
Maximum temperature
Rainfall
Max temp x rainfall

Estimate
2.763
-0.200
-1.18
0.126

Week of arrival
Std. Error
z value
1.099
2.514
0.127
-1.577
0.517
-2.277
0.057
2.217

p value
0.012
0.115
0.023
0.027

*
*
*

At the Snake pond, all three measurements of arrival had strong relationships
with climatic variables so they were all examined further (Table 4.3). The simplest
models (Tables 4.8-4.10) show that for all three measurements of arrival time,
maximum temperature was important for explaining the delayed arrival times at the
Snake pond with p<0.001. The first arrival and 5% arrival times also have strong
associations with month (p=0.029 and p=0.016 respectively) but neither of these had
any further relationships when the overall time-scale was broken down into the
more finite 90, 60 and 30 days.
The simplest model for the 5% arrival week for L. vulgaris at the Snake pond
also had a significant positive relationships with the minimum (p=0.007)
temperature (Table 4.9). Examining this in more depth using a Pearson‟s correlation
test showed that minimum and maximum temperature across the years were highly
correlated (p<0.001) which is why they are both explanatory for the trend in the 5%
arrival week.
Table 4.8: GLM results for the first arrival week of Lissotriton vulgaris at the Snake pond. (*)
indicates p<0.05 and (**) indicates p<0.01

Variable
Intercept
Month
Maximum temperature

Estimate
-0.320
0.199
0.151

Week of arrival
Std. Error
z value
0.355
-0.900
0.088
2.272
0.019
7.782

p value
0.374
0.029
<0.001

*
***
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Table 4.9: GLM results for the 5% arrival week of Lissotriton vulgaris at the Snake pond. (*)
indicates p<0.05, (**) indicates p<0.01 and (***) indicates p<0.001.

Variable
Intercept
Month
Minimum temperature
Maximum temperature

Estimate
-0.971
0.185
-0.248
0.299

Week of arrival
Std. Error
z value
0.412
-2.355
0.076
2.417
0.092
-2.693
0.056
5.111

p value
0.019
0.016
0.007
<0.001

*
*
**
***

Table 4.10: GLM results for the 50% arrival week of Lissotriton vulgaris at the Snake pond.
(**) indicates p<0.01 and (***) indicates p<0.001.

Variable
Intercept
Month
Maximum temperature

Estimate
0.856
0.111
0.097

Week of arrival
Std. Error
z value
0.281
3.048
0.060
1.839
0.015
6.538

p value
0.002
0.066
<0.001

**
***
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5. Discussion
This study determined whether there was any relationship between climatic
variables and the trends in arrival time for Triturus cristatus, Lissotriton vulgaris and
Lissotriton helveticus. It looked at differences in arrival time between the three species
and whether climate-linked changes in arrival time varied between the two breeding
ponds for the three species.

5.1 Trends in arrival times
Out of the three species, only Lissotriton helveticus had advancing arrival times
between 1996 and 2010 at its breeding ponds. This corroborates with other studies on
amphibians in the United Kingdom (Beebee, 1995 and Chadwick et al, 2006).
However, for this study, only the mid-season migration of L. helveticus had a strong
trend towards earlier breeding. The first arrival and 5% arrival weeks had very weak
trends over the fourteen year period suggesting that the earlier arrivals of L.
helveticus have not really changed which is similar to a study in the United States
where only one species at one site showed a strong statistical change in its breeding
times (Blaustein et al, 2001).
The other two species, Triturus cristatus and Lissotriton vulgaris showed strong
trends towards later arrival times at both the Garden and Snake ponds. For T.
cristatus, this trend was only statistically significant for the mid-season measurement
of arrival at the Snake pond but at the Garden ponds, all three measurements of
arrival had significant trends. For L. vulgaris, all three measurements of arrival time
had statistically significant delays in their arrival over time showing that all the
individuals were migrating later, not just those that were arriving later in the season.
This trend has been seen in North American amphibians (Blaustein et al, 2001; Todd
et al, 2010) but no published studies could be found that showed this trend in the
UK.
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5.2. Arrival time relationship with climatic variables
Based on previous research, it was expected that the strongest relationships
for arrival trends in this study would be with minimum and mean temperatures and
rainfall. However, most of the trends in arrival examined in this study had
significant positive relationships with the maximum temperature for the three
months before the arrival week. The three species did react differently to climatic
variables as predicted but maximum temperature was a constant throughout the
relationships with climatic variables.
This study shows that as the maximum temperature for the three month
period before arrival increased, the arrival time of two of the species became later.
For both Triturus cristatus and Lissotriton vulgaris, depending on the year, the three
month period covered January to April or February to May indicating that
maximum winter and spring temperatures were important for the timing of
migration. For the 5% arrival measurement in L. vulgaris at the Garden ponds, the
maximum temperature only significantly delayed arrival time when interacting with
rainfall during the three month period before arrival. Arrival time was negatively
associated with the amount of rainfall but positively correlated with the maximum
temperature. The three month period before the 5% arrival week covered January to
April indicating that the delay in arrival for the 5% arrival time was due increasingly
drier, warmer weather in late winter and early spring.
Whilst all three measures of temperature increased over the length of this
study, average maximum winter and spring temperatures had the greatest increase
which could be why there was such a strong relationship with both of the species
(for graphs of temperature trend over the study period see Appendix 3). These
findings are contradictory to the hypothesis that minimum temperature would be
important in explaining the change in arrival times. Todd et al (2010) suggested not
using maximum temperatures for nocturnal species because they will probably be
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less important in predicting the movement of these species but this study would
suggest that this is not necessarily the case.
Lissotriton helveticus was the only species without a relationship with
maximum temperature. The 50% arrival week of L. helveticus at the Garden ponds
was positively correlated with the mean temperature meaning that as the mean
temperature for the three months (January to April) before arrival decreased, the
arrival week became earlier. Mean temperature had the second strongest trend for
increasing temperatures in spring after the maximum temperature. Overall, springs
in the south-east of England have been getting drier and warmer (Maraun et al, 2008)
so it could be that L. helveticus, with their tolerance for drier conditions than the
other two species, are migrating earlier to avoid the increasing temperatures. With
increasing maximum temperatures and decreasing rainfall, the other two species
could be waiting for heavy precipitation events that will ensure that they can stay
damp for their migration journey.
There could be biological reasons for the differences in arrival trends. L.
helveticus juveniles are more likely to hibernate closer to the ponds than the other
two species. One study in Spain suggested that adults could hibernate as close as 150
metres away from the pond whereas T. cristatus has been known to migrate up to
one kilometre (Jehle et al, 2011). Therefore L. helveticus might not need to wait for as
much rain as T. cristatus to keep moist. The results from this study show that L.
vulgaris at the 5% arrival measurement had a negative relationship between arrival
time and rainfall which suggests that less rainfall during winter was delaying its
arrival which could be due to the same requirement for a damp environment in
which to migrate. Another biological possibility is that they are breeding earlier in
response to increased competition due to growing population size. Dunn and
Winkler (1999) saw this effect in tree swallows and it is possible in L. helveticus which
was reasonably common at the breeding sites.
Surprisingly, the first arrival and 5% arrival weeks for T. cristatus did not have
any strong relationships with climatic variables despite arriving increasingly later
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during the study period. Other factors such as competition or predator-avoidance
could be factors in this trend but further research is needed.

5.3 Differences between ponds
It was expected that there would be differences between the two ponds in the
shifts in breeding phenology and their relationships with climatic variables and this
hypothesis was confirmed. Although the two pond systems are not very far apart,
they are in different habitats so it is likely that the newts at each pond had slightly
varied requirements.
Triturus cristatus had stronger trends towards late arrival at the Garden ponds
than at the Snake pond but when these trends were looked at in relation to climatic
variables, it was found that for both ponds only the 50% arrival weeks had strong
associations with a climatic variable which, in this case, was the maximum
temperature. The similarity between arrival times and their relationship to
maximum temperature would suggest that the different habitats surrounding the
two ponds do not affect T. cristatus migration. However, as there were no
relationships between arrival times and climatic variables for the two other arrival
measurements (first and 5% arrival weeks), the effects of habitat on migration should
be researched further.
Lissotriton vulgaris had more delayed arrival in the study period at the Snake
pond than at the Garden ponds. Whilst all the measures of arrival used at both
ponds had strong positive relationships with maximum temperature there were
minor differences between the two pond sites. At the Garden ponds, the 5% arrival
measurement was predicted by an interaction between precipitation and the
maximum temperature. The reason for this could be that there is less vegetative
shade surrounding the Garden ponds meaning that drier seasons before migration
could results in later migrations, possibly because the newts require a prolonged
damp period before they will leave their hibernation site. At the Snake pond, the 5%
arrival week had a strong association with minimum temperature as well as the
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maximum temperature. This suggests that these newts were not only delayed in
arrival because of warmer daytime temperatures but also due to the increased
minimum temperature at night when they were more likely to migrate. Due to the
slightly different habitat at the Snake pond, the leaf-litter is most likely colder than
the gardens surrounding the Garden ponds and the newts might need it to be
warmer before they migrate through. However, there was no reference to
relationship between newt habitat and climate change in the literature which implies
the need for further research.

5.4 Implications of shifting phenology
The differences in the shifts in pond arrival time amongst the three species
indicates that they are responding to changes in the climate in different ways, all of
which are likely to have important ecological implications for the newt species. The
shift in breeding time means that the amount of time available for feeding is also
changing. For Lissotriton helveticus, the length of feeding time will increase allowing
the adults and juveniles more time to build up resources for hibernation later in the
year. For the juveniles in particular, this could increase survival chances (Chadwick
et al, 2006). For those newts arriving mid-season, more foraging time is critical as
they have less time to build up resources so it is advantageous for them to arrive
earlier. For Triturus cristatus and Lissotriton vulgaris the opposite is occurring. With
later arrival at breeding ponds, the length of time available for feeding could be
shortened which in turn could decrease their chances for survival, especially for the
juveniles.
In conjunction with changes in feeding time availability, there is a possibility
that the invertebrate prey that the newts depend on could also be shifting their
phenological activities. It is hoped that these shifts could happen in the same
direction as those of the newts but it is thought that the newts and their prey will
become asynchronous in their life-cycles which has negative consequences both for
the newts and the ecosystem they live in (Chadwick et al, 2006). However, little is
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known about how these interactions might be affected by climate change and further
studies into this are necessary.
Another potential problem is the interaction between newts and their
predators. Adult newts are less at risk from predators, especially at the site in Kent
as there are no fish but the newt larvae are preyed on by invertebrates such as water
beetles and dragonfly nymphs. There could be a change in temporal separation from
these predators which could be advantageous or not depending on whether the
predators are also shifting their phenological timings (Chadwick et al, 2006).
However, with L. helveticus arriving earlier and the other two species of newt
arriving later, the pressure of predation could increase, especially for L. helveticus as
there will be less choice for the predators.

5.5 Implications for future management
This study highlights that the timing of migration in newts is shifting and that
temperature and rainfall play a part in this. Further research is needed into this to
determine whether climate change is a major factor in causing these phenological
shifts but whether the climate plays a major or a minor role there are still
implications for future management, especially for Triturus cristatus, a priority
species in the UK. If there is a population decline due to phenological shifts, it
suggests that species are not able to adapt. This could be directly due to the
consequences of phenological shifts or that there are other negative factors (e.g.
introduced species) that are impeding their ability to adapt, the latter being easier to
counteract. As well as removing any negative impacts on the newts, it could also be
an advantage in the future to create or restore suitable habitat in areas less affected
by the effects of climate in order to allow newts to move to more suitable areas.
In the south-east of England, temperatures are predicted to increase
throughout the year. Projections for 2080 predict that mean daily maximum
temperature will increase by up to 5.40C in the summer in the south of England and
1.5 to 2.50C throughout the country in the winter. Mean daily minimum temperature
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is expected to increase between 2.10C and 3.50C in the winter across the country and
up to 4.10C in the summer in the south of Britain (Jenkins et al, 2009). Considering
the strong associations found between the shifts in migration timing and increasing
temperature, it is evident that newts are affected by climate and the temperature
projections could mean that amphibians in the south of England may have to adapt
quicker than elsewhere in the country. Adaptation relies on genetic variation which
means that further research is needed into the genetic ability of newts in the south to
adapt. Amphibians are not very mobile, and newts generally do not migrate for
more than a kilometre (Jehle et al, 2011). Therefore, if it is found that there is low
genetic variation in the populations of newts in the south, there may be a need for
translocations in order to boost adaptation ability.
There is also a need for the evaluation of the potential outcomes that the
shifting phenology of newts may create under their current management strategies
so that in the future, climate change adaptation policies will be more easily
integrated into the conservation of these species (Heller and Zavaleta, 2008). The
outcomes from this study could also help provide a baseline for further studies and
aid the determination of where to direct resources for future research in the south of
England.

5.6 Limitations of the study
This study only looked at a period of fourteen years which is long enough to
see that the changing climate is having an effect on the phenology of newts but it is
not long enough to confirm that climate change is actually causing shifts in
migration time. It is very likely that other factors could be affecting the newts,
especially as there were obvious trends towards delay in arrival time in Triturus
cristatus at the first arrival and 5% weeks which were not explained by a link to
climatic variables. One possibility for this is that using data from just two breeding
sites could be affected by population fluctuations which are magnified in small
populations, especially if the populations are declining (Carroll et al, 2009).
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Another limitation in the study was choosing to use periods of time that were
defined in relation to the arrival time of the newts (for instance, the maximum
temperature for the 90 days before arriving at the pond) (Chadwick et al, 2006). The
problem with this is that the climatic variables could be less independent as they are
calculated as a factor of the dependent variable (time of arrival). However, there are
also problems associated with using fixed periods of time (e.g. mid-January to midApril) which were seen in Chadwick et al (2006) when the migration of the newts
was surprisingly early and determining a link with temperature was confounded by
the fact that these temperatures changed dramatically after the mid-season
migration date.

5.7 Suggestions for future research
Future research is needed to determine whether this study is a true reflection
of the effects that the changing climate has on the phenology of newts and what the
potential consequences of this might be. This includes whether the newts are being
affected directly by the climate itself (for example, desiccation or reduced
reproduction) or whether there are ecological costs such as diminishing resources or
increased competition. At a basic level, more research is needed into how tolerant
newt species are to temperature and moisture changes and how they might adapt to
these, especially with the likelihood of drought increasing in the south of England.
All the life-stages need to be looked into in order to determine which stage might be
the most vulnerable to climate change.
There is also a need for increased studies into the interactions between newts
and their predators and prey, looking especially into whether the predator and preyspecies are also being affected by changes in the climate. Until it is understood how
these interactions may be affected by future change in the climate and environment,
it will be hard to plan conservation measures for the three newt species. It is also
important that more studies are done into the genetics of newts, including
examining limitations on their ability to adapt and how increased human activity
throughout the United Kingdom might be disrupting gene flow which could affect
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how well newts adapt to future climate change (Carey and Alexander, 2003).
Another genetic approach to research could be to estimate the variation needed to
respond to climate change and the available plasticity within a population.
Phillimore et al (2010) looked at this for Rana temporaria by using large-scale datasets
to compare temperature and first spawning dates in order to show that local
adaptation was important in how different populations responded to climate
change. Climate change models would also be beneficial if created specifically for
newts in the UK which would allow conservationists to pinpoint the areas most at
risk. This is especially essential for resource allocation as there is so much
uncertainty surrounding climate change projections especially for amphibians which
have very specific microclimate needs and limited ability to disperse (Lawler et al,
2010).
It is crucial that future research is used in conjunction with the conservation
policies protecting these species. The evidence from this study shows that newts are
shifting their breeding arrival times in relation to temperature and rainfall which is
worrying, especially with the projections of increasing temperatures and decreasing
rainfall throughout the UK. Efforts are needed to carry out more phenological
studies on newts in the UK in order to determine if other newt populations in the
south-east are exhibiting the same shifts seen in this study and if delayed arrival
times are just confined to the south-east. Given that there are no measures to protect
Triturus cristatus against climate change in its current Biodiversity Action Plan, and
Lissotriton helveticus and Lissotriton vulgaris are only partially protected in the UK,
policy makers and conservationists need to start using the evidence available to put
a plan of action into place before the climate predictions actually occur.
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7. Appendix 1
a)

b)

Figure A1.1: The differences between the habitats surrounding the two ponds.
a) is the largest of the Garden ponds and b) is Snake pond. (Photos by C.
Simm)
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8. Appendix 2
Table A2.1 The weeks of the three measurements of arrival for the Garden ponds
Year
1996
1997
1998
1999
2000
2001
2002
2003
2004
2005
2006
2007
2008
2009
2010

Week of first arrival
Great- Smooth Palmate
crested
1
1
1
1
1
1
1
1
1
2
1
1
1
1
1
2
2
2
3
1
1
4
2
2
2
1
1
3
2
2
4
2
2
3
1
1
3
1
1
2
1
1
1
1
1

Week of 5% arrival
Great- Smooth Palmate
crested
2
1
1
2
2
2
2
1
1
4
2
2
2
2
1
3
2
2
3
4
2
4
4
2
4
2
2
4
3
3
5
4
2
4
2
2
4
2
1
5
3
1
4
1
1

Week of 50% arrival
GreatSmooth Palmate
crested
4
9
9
7
7
9
9
5
7
8
12
10
12
9
6
11
10
7
11
9
7
7
9
7
12
8
7
8
6
6
11
8
8
8
10
7
11
6
4
9
11
6
9
10
10

Table A2.2 The weeks of the three measurements of arrival for the Snake pond. In
2005, no smooth newts were caught, indicated by a “-“.
Year
1996
1997
1998
1999
2000
2001
2002
2003
2004
2005
2006
2007
2008
2009
2010

Week of first arrival
Great- Smooth Palmate
crested
8
4
1
4
2
1
5
2
2
7
1
1
2
2
2
2
7
5
4
3
1
3
16
6
2
5
5
5
3
5
7
4
9
10
1
11
12
1
3
11
1
4
9
1

Week of 5% arrival
Great- Smooth Palmate
crested
8
8
4
5
3
3
6
3
3
7
1
3
4
2
2
4
4
3
4
3
3
3
16
6
6
5
2
5
3
5
7
6
9
10
2
11
12
1
3
11
3
7
9
5

Week of 50% arrival
Great- Smooth Palmate
crested
11
13
12
12
10
11
12
6
8
12
12
7
11
8
8
11
9
9
8
8
11
11
16
11
13
11
11
9
8
15
7
13
12
13
10
17
20
13
14
17
12
15
14
15
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10.

Appendix 3

Figure A3.1 Average spring (February to May) temperatures and rainfall over the
length of the study period.
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