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Abstract

Vernal pools are the known breeding grounds for a number of amphibian species. These temporary pools of water are
a destination for species' seasonal migration for mating purposes. This research established data tracking the migration
patterns of Eastern newts (Notophthalmus viridescens) within one such vernal pool habitat. The area of focus was
Sandy Bottom Preserve located near Asheville North Carolina within the French Broad River floodplain. Currently
the Eastern newt is not listed as a species of concern. These newts however are predators and secondary consumers
that maintain balance within the vernal pool and surrounding deciduous forest ecosystem. Data collection on
amphibian migration at this site spans intermittently back to 2004 with no studies focused solely on the Eastern newt.
Methods of data collection in this research included the use of dip nets, coverboards, and rain gauges, all common and
effective tools in previous studies on this site and in other similar ecological monitoring studies. The Eastern newts
migration patterns observed suggest female newts may enter this vernal pool later in the breeding season than the
males. This study established an Eastern newt specific migration data record and speculated about the influence of
environmental factors such as seasonality on their migration. The data collection period spanned from November 2019
until March 2020. Monitoring occurred weekly during this period and was heavily influenced by weather conditions.
The results of this study did not indicate any significant trends outside of the skewed sex ratio of newts observed and
the mean difference in length of the two sexes. This research contributed to an updated inventory of the general
amphibian population and may act as an indicator of changes in the migration patterns of the Eastern newt population
in Sandy Bottom.

1. Introduction

The Eastern newt (Notophthalmus viridescens) occupies a range spanning from Nova scotia west to the great lakes
and south into Northwest South Carolina, Georgia, and Alabama. Their diet consists primarily of worms, insects, small
crustaceans, amphibian eggs and larvae!. The Southern Appalachian Mountains of western North Carolina they inhabit
are a vastly heterogenetic topographic area that contains many microclimates. This topographic heterogeneity creates
a variety of climatic areas co-occupied by Caudata that are both predators and prey to the Eastern newt. This newt is
often the most abundant vertebrate in the North Carolina highland forested ecosystems®. Eastern newts are known to
have aquatic larval development and mating stages®. These alternating life stages situate Eastern newts as a constituent
of ephemeral wetland pools, maintaining prey populations along with influencing decay rates and nutrient cycling
between terrestrial and aquatic substrates. They, along with other amphibians, are often bioindicators of environmental
health®. The Caudata taxon in which N. viridescens belongs to has experienced a noticeable population decline in
recent decades due to a variety of environmental factors®®. This taxon exhibits a decline trend that is more rapid than
all other taxon on earth?. Over one third of the 6,300 known amphibian species are threatened with extinction'?. The
leading hypothesized causes of this decline in the southeastern United States includes climate altering urbanization
(habitat loss, fragmentation, road mortality), and climate change?3. Eastern newts are not listed as a species of concern



currently!2, Some of their prey species (ex: mole salamander larvae) are however dwindling rapidly in response to the
aforementioned environmental factors.

There has been extensive research into the contemporary decline of amphibian populations globally?. Drier summer
conditions due to climate change are considered one of the most probable reasons for this decline?. Drier patterns are
of special concern to amphibians' high permeable integument and vernal pool habitat which are dependent on regular
moist conditions to exist*. The sex ratio and mating success of N. viridescens is in part controlled by the availability
of refuge edge habitat for females away from behaviorally aggressive males®. In consistent dry conditions, the
availability of refuge edge habitat in vernal pools and population interactions of N. viridescens have been shown to
alter significantly®. Some research points to female newts alternating or avoiding breeding years if the aquatic
environment is assessed as unfit spatially for larval growth?®. The immediate shore of these vernal pools has also been
shown to be of importance in N.viridescens breeding habits, with most preferring open grassy areas edged by moderate
tree cover®. The effect of deforestation on habitat suitability is thought to heavily influence Eastern newts current and
future population numbers2,

Urbanization is also known to contribute to the diversion of water flow from the hydrophilic soils of vernal pools®.
The redistribution of this water results in declining periods of vernal pool temporal existence and limits habitat size
and breeding periods for N. viridescens®. This variability in vernal pool existence further stresses N. viridescens
populations and may be an indication to larger count of males per population’. High traffic roads are known to disrupt
the migration patterns of N. viridescens. This migration disruption further skews the sex ratio of available mates in
the ephemeral pools and increases female stress®. It is supposed that predation rates increase with dry conditions,
especially for the juvenile red eft during migration out of forested areas!. Despite N. viridescens non-concern listing,
this amphibian’s range is still limited by a low vagility and high habitat specificity requirements'’. Urbanization and
its climate altering effects further isolate populations and disrupt ecosystem dynamics.

Vernal pools can be defined as temporary fishless bodies of water that fill and dry seasonally with winter
precipitation rehydrating the soil®. N. viridescens is one among many aquatic amphibians whose phenology follow the
fill-drain cycles of vernal pools to ensure breeding success. Variances to this cycle have been shown to negatively
impact these populations breeding success?. The observation of amphibian migration patterns is crucial for vernal pool
conservation efforts and a better understanding of regular fill-drain cycles. Sandy Bottom Preserve is a wetland area
in the French Broad River floodplain containing one such vernal pool. This land area is owned by UNC Asheville and
located south of the city of Asheville in Western North Carolina. This delicate habitat is a known host of N. viridescens
along with many other sensitive amphibian species®. This location is unique in that it contains both a forested and
vernal pool habitat required by many amphibian species for successful breeding and juvenile life stages. This vernal
pool is a known Eastern newt breeding site, with documentation in the 2017 Mcleod study suggesting N. viridescens
as the most abundant amphibian population present. There have been no Eastern newt specific studies in Sandy
Bottom, so few specific details are known about their migration patterns, mating habits, or reasons behind the absence
of terrestrial juvenile red efts (Landon Ward, personal communication with Abigail Snow, 11/7/2019). The
establishment of this study allowed for a focused N. viridescens Sandy Bottom population analysis. The foundation
of detailed record on any and all herpetofauna is critical in understanding the fundamental implications of habitat
change and pertinence of conservation throughout wetland ecosystems.

N. viridescens maintain a role in population regulation of other species and reflect the health of their entire habitat.
This research served as a closer observation of N. viridescens migration patterns and their ecological role in the Sandy
Bottom vernal pool habitat. Data collection methods included the utilization of dip nets, coverboards, and monitoring
of three distributed rain gauges. Rainfall gauges are a routine tool utilized to quantify site specific precipitation totals*.
These three methods are common and were cited as effective in similar ecological studies®?. Dip nets are a standard
and effective tool utilized to understand aquatic breeding patterns and location of N. viridescens within a vernal pool*2.
The effectiveness of dip netting however is highly influenced by the skill of the data collector. Coverboards are a
typical passive data collection method?®.

This research considered previous studies to investigate Eastern newt migration patterns. The question of fluctuating
dry and wet conditions' effect on Eastern newt populations is pressing facing climatic changes in the near future®?.
This study aimed to gain a clearer understanding of the habits of N. viridescens throughout their breeding season
within the physical boundaries of an ephemeral pool. This study resulted in an updated Sandy Bottom Preserve Eastern
newt population and weather conditions catalog and provided insight on the migration habits of this specific
population.
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2. Methodology

The monitoring period of this study extended from November 2019 to March 2020. Data collection materials included
rainfall gauges, coverboards, and dip nets. Dip net sampling occurred for forty-five minutes on a weekly basis in the
vernal pool at varying depths. Coverboards were pre-existing and observed weekly. Rain gauges were distributed in
three separate locations throughout the wetland complex near pre-existing drift fences. GPS data was not collected
but utilized from a previous study to accurately distribute rain gauge locations. Two gauges were placed on the
Northern end of Parkway Crescent, the road dividing the property. One gauge was located at the Southern boundary
of the vernal pool parallel to an Eastern-facing slope, with the second located north and opposite of the pond, closer
to highway 191. The third gauge was placed South of Parkway Crescent and in line with the placement of gauge one
at the base of the Eastern facing slope. The differing locations of these rain gauges was intended to observe if
precipitation totals within the wetland complex varied significantly. These gauges were monitored weekly and data
was recorded utilizing in field paper copies along with Microsoft Excel. Previous research noted drier conditions at
the position of rain gauge three and it was expected that precipitation totals here would be less. Weekly ambient
temperatures were also recorded at the time of data collection.

Two nylon dip nets with four to eight-foot handles were utilized throughout the study and time spent using the dip
net was quantified. The inclusion of these nets allowed for aquatic data collection and observations of Eastern newt
mating and migration patterns. This method involves the sampler extending their arms as far as possible and
submerging the net entirely in the water. A raking motion in the direction of the sampler is completed until the net
reaches the samplers feet. The net is then is taken out from underneath the water for observations to occur. Dip net
samples were individually examined by hand for N. viridescens. If present Eastern newts were transferred to an
individual container for later analysis. The remaining leaf litter and aquatic life were returned to the vernal pool by re-
submerging and gently shaking the net. A typical dip net period lasted 45 minutes and sampled various depths within
the pool.

Coverboards were observed before the 45-minute dip net sampling period began. This study utilized the coverboard
set up described in Mcleod’s 2017 herpetofauna diversity inquiry at Sandy Bottom. Of the original 43 arrays of
coverboards in Mcleod’s research, 25 were utilized in this assessment of newt migration patterns. This discrepancy
occurred due to multiple arrays having decayed, been moved with weather events, or otherwise made unidentifiable.
The 25 that were utilized consisted of four boards varying in size. Coverboard observation consisted of manual lifting
of plywood coverboards, and then visually assessing if newts were present. If present, newts were collected, and all
measurements mentioned in the previous paragraph were noted. The boards were returned to their original position
with newts placed near the board to allow them to go underneath at a self-directed pace.

After the 45-minute period, sample specimens were weighed, observed, and measured on land. A pocket scale with
two petri dishes were utilized to approximate the weight (g) of each newt. The utilization of this scale was not uniform
throughout the study, resulting in multiple individuals having no associated weight recorded. Observed and noted
were N. viridescens readiness for breeding (breeding tubercles and tales on males), sex, or signs that breeding had
occurred (females swollen with eggs). Length (mm) was determined by placing each newt onto a metal ruler and
observing the stretch from tail tip to jaw. Individuals were then returned to the water.

Data was translated from paper in field copies to an online spreadsheet and analyzed at the end of the data collection
period. The relationship between newt position in the wetland complex and seasonality was examined in Microsoft
Excel utilizing a T-test. Additional analysis focused on the sex ratio of newts in relationship to seasonality. The
breeding readiness of each newt was also recorded. Individual regressions were completed to analyze the link between
total newt mass and sex, along with newt length and sex. An inquiry into the hypothesized difference in the number
of individuals captured per sampling session was completed utilizing a 95% CI G-test.

3. Results

Data in this study collectively represented an individual N. viridescens population exhibiting a skewed sex ratio. The
majority were male (65/81) with a minority of females (16/81) found throughout the study period. All newts collected
were encountered in the vernal pool, with most being located at the base of aquatic vegetation or feeding within
amphibian egg masses. All newts sampled displayed signs of readiness for breeding (Table 1). Supplementary data
from previous studies was utilized to assess seasonal migration patterns to and from the vernal pool. The specimens
were in their adult phase and no juvenile red efts were observed during this study (Figure 2). There was no significant
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difference in the number of individuals captured per session as assessed utilizing a 95% CI G-test (95% C1=6.85+3.97)
(Figure 1). Additionally, there was a visible trend of newt location and seasonality with newts being found terrestrially
from June until December (Figure 2).

There was no significant difference of mean newt weight between the sexes (P=.58, F=.31, df=1) (Figure 3). There
was however a significant difference in mean length between males and females (P=.01, F=6.79, df=1) (Figure4).
There was no significant difference in mean female and male abundance throughout the late winter and early spring
months according to a T-test assuming unequal variances (P two-tail=.18, df=3) (Figure 5). Noticeable is the almost
complete absence of N. viridescens within the month of January, followed by a spike in observations during February
2020 (Figure 5).

Table 1. Number of N. viridescens observed with breeding structures present

# Individuals Breeding Tubercles Breeding Tail Swollen with Eggs
M 65 65 65 N/A
F 16 N/A N/A 16

Table 1 is representative of the total number of Eastern newts encountered throughout the study within the vernal
pool and breeding structures presence. M represents the males, whereas F represents the females.
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Figure 1. N. viridescens captures per sampling session
Figure 1 displays the number of captures of Eastern newts throughout the vernal pool per sampling session (95%

Cl=6.85+3.97). Sampling session dates are graphed on the x-axis with individual data points representing the number
of newts collected. The y-axis is the number of individual newts captured per sample day.

706



45

40
35
30
25
20
15
: g -
¥ & &

5
0
N & & & & & A
R 6{60 c'}'so @&0 @Q Q&b > »
A C R A

Abundance of N.virdescens individuals

2019-2020 Months

m Coverboard mVernal Pool
Figure 2. Total N. viridescens abundance and distribution in relation to time of year

Figure 2 features the temporal and spatial distribution of Eastern newts throughout the summer, fall, winter, and spring
seasons. The x-axis is labeled with the months of sampling, with blue bars indicating newts found terrestrially and red
bars indicating newts found within the vernal pool. The y-axis is the number of individuals found per month. Data
displayed here is from all dip net collections and previous studies coverboard observations.
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Figure 3. Female and male N. viridescens mass
Figure 3 presents the difference in mass between female and male Eastern newts in this study. Newt mass (g) is

graphed on the y-axis. Data displayed on the x-axis accounts for the number of individuals of each sex weighed
throughout the study period and is not representative of the entire data set.
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Figure 4. Female and male N. viridescens length

Figure 4 represents the difference in length of female and male Eastern newts throughout this study period. Newt
length (mm) is graphed on the y-axis. Data displayed on the x-axis is the number of individuals both male (65) and
female (16) measured throughout the study period and is representative of the entire vernal pool dataset.
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Figure 5. Temporal distribution of N. viridescens within the vernal pool

Figure 5 features the temporal distribution of total Eastern newt abundance throughout the study period with weekly
data collection being grouped per month. Data displayed here is from all dip net collections.
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4. Discussion

This data demonstrates a short representative study of the Eastern newt population located within Sandy Bottom
Preserve. It indicates a large abundance of male individuals with no significant difference from the number of females
present in comparison with representative population dynamics from literature on the species. This study displays no
correlation between total newt abundance and seasonality. These results are likely inaccurate representations of the
relationship between the seasonality and migration due to the four-month duration of this study and single sampling
method selected. The data however can be accepted as a limited representation of the population dynamics of this
location's N. viridescens inhabitants. The inclusion of more on land coverboard observations might result in a higher
number of individuals observed, along with the extension of the observation period from late fall into the early
summer. Often N. viridescens were observed at shallow depths that the large dip net was unable to effectively collect
from, a previously thought skew in the datum to favor newts observed in deeper waters. This hypothesis was however
not supported by the 95% CI G-test that the dataset was subjected to.

The data analysis in this study did include a cross comparison of weight and length between males and females and
found only a significant difference in the length of N. viridescens sexes. The entire data set is exceedingly small, and
further analysis would require a larger sample size to produce meaningful results. The moderately significant
difference of mean length between each sex was expected, as other studies have recorded a relatively consistent
Eastern newt body size with males averaging slightly longer®. The mean difference in length between male and female
individuals may suggest slight female stress due to an overabundance of males present’. One study suggests female
newts will reduce weight and alter foraging habits to avoid the high number of male individuals during breeding
season’. This correlates with our finding of females having a lower average body weight and length than males and
could explain their general absence during the time of data collection.

It is likely that the absence of soil temperature data, infrequency of data collection (once per week), and length of
observation period significantly influenced these results. Future research could expand the period of data collection
and incorporate outside NOAA climate data to more accurately address the influence of these factors. This season was
particularly warm, and experienced typical rainfall totals''. Precipitation is considered to play a larger role in the
migration patterns of Eastern newts than temperature and could explain why no noticeable difference in migration
were observed®®. If the newts were not experiencing drought in this season, it is unlikely that an observable change in
their migration behavior would occur®’. The entire data set is bias towards male individuals and explains little about
the habits or physiological traits of females. This skew can be explained by the population dynamics of newts favoring
a larger male sex ratio, and a female that tends to avoid conglomerations of males®. Interestingly, data points taken at
night instead of mid-day resulted in a higher female to male ratio. Other studies suggest a temporal separation of
foraging as female’s strategy to avoid high stress high male environments’. Future studies could sample at varying
times of day to assess this conjuncture.

The newts remained within the vernal pool throughout the study, something typical of their six-month long breeding
period'®. They begin migration in late fall and extend breeding into early summer, a process that is highly aquatic and
consistent with our results of solely aquatic encounters from December to March. The absence of terrestrial individual
observation could be explained by this phenomenon as well*. Additional sampling methods such as additional
coverboards, drift fences with pitfall traps, and longer or variable dip net sampling periods could allow for a better
understanding of this newt population. The spatial distribution of the Eastern newt could be accounted for by GPS
mapping of specimen encounter locations. Sex ratio throughout the mating season could be better observed through
an extended monitoring period. As suggested earlier, the absence of the red eft stage at this site is still unexplained
and could be addressed by these additional sampling methods. The implications of this data in wetland conservation
could be expanded by such future inquiries.

The results of this research provide an understanding of the Eastern newt population at Sandy Bottom Preserve, and
a snapshot of their interaction with ambient conditions. There is useful insight to the effectiveness of dip net survey
methods and frequency of survey periods. Imperative to the legitimacy of this study is work expanding the methods
utilized and time spent observing Eastern newts. The correlation suggested in the introduction of this study between
eastern newt behavioral patterns and suitable habitat availability cannot be supported by the data of this research alone.
This work serves to establish a larger catalog on Eastern newt behavior patterns and suggest inquiry into their
relationship to changing habitat availability.

It is critical to remember the reliance of many amphibian species on the presence and flooding of ephemeral pools
such as Sandy Bottom Preserve. This water table is sensitive to rainfall patterns and times of drought have been shown
to negatively impact amphibian breeding success’. The possible reduction of this area over time could create high
stress environments for the Eastern newt and alter their reproductive behaviors’. Sandy Bottom is among few areas in
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Western North Carolina that can support vernal pools and the myriad of amphibians which utilize them as reproductive
grounds'®. The conservation of this area has implications for maintain populations of the Eastern newt as well as
species of high concern.

This data provides insight to a short period and a generally average newt population. N. viridescens in this area are
not yet suffering population decline but exhibit marginal indicators of high stress environments. Human activity
known to further the effects of habitat destruction could over time increase the stress experienced by these newts
which in turn may have a cascade effect on the ecosystem in which they inhabit. It is pressing that research continues
to observe the patterns of these and other amphibians. This Southern Appalachian region is known globally as a
biodiversity hotspot and requires consistent conservation and monitoring efforts to maintain this position for a plethora
of species.
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