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Abstract

The eastern hellbender (Cryptobranchus alleganiensis alleganiensis) has experienced
widespread declines due to anthropogenic effects. Extreme hydrologic events have
recently increased in severity and frequency due to climate change, posing a threat to
stream ecosystems; however, there is a lack of research on how these events, such as
major floods and hurricanes, impact aquatic species such as eastern hellbenders. In the
fall of 2024, Tropical Storm Helene devastated Western North Carolina, bringing floods up
to 20 feet above base flow, washing debris and pollutants through waterways. This study
assessed pre- and post-Helene eastern hellbender populations from nine reaches across
the Upper French Broad Watershed. Sites were sampled prior to the storm in 2023 and
2024 and after in the summer of 2025. All substrates six cm or larger were checked using
diurnal snorkel surveys, ensuring all life stages were considered. Pre- and post-Helene
population estimates were analyzed using paired t-tests to compare estimated
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abundances of hellbender age classes across all sites, as well as total estimates by site.
The adult abundance significantly declined, with an average of one less adult per site.
Adult decline raises concern about reproductive and recovery rates. The effects of Helene
were site-specific, indicating that further investigation is necessary to identify factors
responsible for population changes. Our results suggest that disturbances like Helene may
decrease populations, threatening species already at increased risk. This data provides a
baseline understanding of hellbender response; however, more research must be done to
track population change over time and expand on the different factors influencing
populations.

Introduction

Extreme hydrologic events such as high precipitation, flooding, and hurricanes have
increased globally and are predicted to continue in frequency and intensity as global
warming progresses (IPCC et al., 2023), posing a major threat to freshwater ecosystems
(Talbot et al., 2018). The IPCC reported that the increase in frequency of heavy
precipitation will be nonlinear, with heavy precipitation likely doubling and tripling in the
frequency of 10-year and 50-year events, respectively, leading to an increase in flood
frequency (IPCC et al., 2023). Regular and predictable flooding is a common disturbance
that many ecosystems depend on (Dolloff et al., 1994). Extreme flooding events are
historically destructive, with heavy precipitation increasing erosion and sedimentation,
and high winds sweeping trees into waterways, obstructing or redirecting flow. These
effects can severely alter river channel morphology, lead to habitat loss, and introduce
alien species (Anufriieva & Shadrin, 2017; Dolloff et al., 1994). Increased flooding is
another threat contributing to the biodiversity crisis, leading to rapid declines in
biodiversity and populations (Talbot et al., 2018; Western, 1992). As anthropogenic
impacts increase, habitat loss is raising concerns for biodiversity due to competition for
limited resources. When alien species are introduced, endemic populations are at risk of
being outcompeted for habitat or food. Extreme events can occur naturally, but
anthropogenic climate change has increased their frequency and intensity (Ledger &
Milner, 2015; Talbot et al., 2018).

As climate change projections continue to grow, it is necessary to understand the
impacts these events may have on riverine ecosystems (Talbot et al., 2018). Much of the
research on flooding follows events, lacking pre-flood reference data (Poff & Zimmerman,
2010). From the available research, macroinvertebrate populations decline in diversity and
abundance as flooding rates from precipitation events increase (Poff & Zimmerman, 2010;
Strickland et al., 2024). Fish have been found to display a similar trend of lower diversity
and abundance following flooding events (Dolloff et al., 1994; Talbot et al., 2018). All
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studies indicate that pre-disturbed stream conditions were relevant in predicting response
time and resilience to flood events (Poff & Zimmerman, 2010; Strickland et al., 2024).
While research exists about generalized organisms, there is little research available on
how specific and rare species respond to floods.

A prime example is the eastern hellbender (Cryptobranchus a alleganiensis). The
eastern hellbender is North America's largest fully aquatic salamander that grows up to
70cm long. This long-lived (up to 29 years) late reproducting species breathes through its
skin, requiring clear, cool streams for habitat (Nickerson & Mays, 1973). Ranging over 13
states, hellbender populations have been declining and have been reported extirpated
from their historic range in Alabama, Illinois, Indiana, and Ohio (Phillips and Humphries
2005; Burgmeier et al., 2011; Freake & DePerno, 2017). Hellbenders are considered
indicator species for healthy freshwater habitats due to their sensitive skin and are
currently at great risk of population decline (Foster et al., 2009; Nickerson & Mays, 1973).
Another major factor shown to impact population rates is the lack of recruitment (Wheeler
et al., 2003). Studies have found populations predominantly or completely composed of
adults with little to no indication of younger generations to replace them (Burgmeier et al.,
2011; Freake & DePerno, 2017). There is little to no data reporting on how hellbenders
respond to extreme weather events. It is understood that long-lived species with delayed
maturation and low annual recruitment rates are particularly vulnerable to anthropogenic
exploitation and extinction (Congdon et al., 1994; Musick, 1999; Unger et al., 2013).
Unpredictable recruitment allows catastrophic events to rapidly decrease their population
size (Coulson et al. 2001; Unger et al., 2013). Hecht et al. found that while studying
population structure in the Little River, larval rates were lower in years with high flooding
(2009). They compared these results with Nickerson et al.'s findings of low to no sightings
of hellbenders after the flood in 2003 in the Middle Prong of the Little River (2007). They
predicted that the increase in precipitation events may lead to higher hellbender mortality
or passive transport (Hecht-Kardasz et al., 2012; Nickerson et al., 2009). Both articles
indicate a strong need for further research to continue analyzing how increased flooding
may continue to influence hellbender populations. They predicted that the increase in
precipitation events may lead to higher hellbender mortality or passive transport (Hecht-
Kardasz et al., 2012; Nickerson et al., 2009). Both articles indicate a strong need for further
research to continue analyzing how increased flooding may continue to influence
hellbender populations.

In the fall of 2024, Tropical Storm Helene swept through Southern Appalachia. Helene’s
destructive path broke through riparian buffers, increasing debris and sedimentin
waterways, and raising water levels 18 feet above base flow within the French Broad River
(USGS Rosman). My goal was to understand how Tropical Storm Helene affected eastern
hellbender populations. The specific objectives of this study were 1) to estimate
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hellbender populations within the Upper French Broad Watershed, 2) to analyze
population differences pre- and post- Helene to predict population impact. To achieve
these objectives, we sampled sections of the Upper French Broad watershed after major
Tropical Storm Helene. This data was compared to pre-Helene samples at the same sites
to analyze population differences before and after the major flood event.

Methods

Study area

The field research team and | conducted our survey in the Upper French Broad River
Watershed (UFBRW), Transylvania County, NC. The UFBRW has a drainage area of about
1190 square kilometers and flows north through the Blue Ridge ecoregion. Based on the
2011 USGS data, the land cover is 88% forest cover, 6% development, and 5% crops
(USGS, 2011). Itis important to mention that there has been some expected land use
change over the past 15 years, following the USGS report.

We surveyed at nine sites over 16 days between June 4th and July 29th, 2025. Two
passes were conducted at each site on multiple days within a week. To ensure continuity,
we modeled our sampling protocol after pre-Helene data collection in 2023 and 2024 and
selected dates to align within a week of the previous year's dates.

At each site, we found the survey reach using GPS coordinates. We then marked the
30-meter reach, dividing it into three 10-meter subsections. Snorkeler team size ranged
from four to ten. Snorkelers lined up across the zero-meter transect line and assigned
lanes to survey, guaranteeing the whole width of the river was covered. Regardless of team
size, all available habitat was checked. Rocks six cm or larger were lifted to check for
hellbender presence and ensure detection of all hellbender life stages. We returned all
rocks to their previous locations after lifting. To reduce invasiveness, we used divelight to
check for hellbender presence under large rocks with crevices without lifting the rocks
when possible to prevent unnecessary disruption.

Any hellbenders we captured were placed into a dip net or mesh bag and processed.
We measured the total length of the individuals using a ruled half PVC pipe, and weighed
their mass using mesh bags and spring scales appropriate for the size of the animal. We
defined age class by larvae: pre-metamorphic (still with gills), juvenile: ungilled
metamorphs <20cm, subadult metamorphs: 20< 30cm (before sexual maturity), adults:
>30cm, considered sexually mature (Bodinof and Hopkins, 2018; Diaz et al., 2022). Age
classifications are separated into four classes to most accurately understand the
population age. When visible, sex and sex characteristics were recorded. Adult
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hellbenders were checked for passive integrative transponder (PIT) tags from previous
years. If no PIT tags were found, one was implanted behind the back, left leg, along the tail.
All captured hellbenders were returned to capture sites, and coordinates were recorded.

Statistical Analysis

We estimated population size using the larger of the two estimates from the passes.
Due to the low recapture with PIT tags, mark and recapture population estimates could not
be used. We tested for differences in the means before and after Helene using a paired T-
test (Gillette et al. 2006). Due to reduced statistical power from low replications, we used
an alpha value of 0.10 to decrease the likelihood of a type Il error (Dayton, 1998; Gido et al.,
1999).

Results

Over the 2025 summer surveys, 36 individuals were found across nine sites compared
to the 42 from the 2023-2024 studies. Using a PIT tag scanner, we identified two individuals
for recapture between passes and one identified from 2024 at the original tag site.
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Figure 1. Overall mean hellbender population estimates across sites. Mean population
estimates did not statistically decline from pre- to post-Helene (P = 0.206)

Across all sites, total hellbender population size did not significantly decline pre- and
post-Helene (P = 0.206, Figure 1). The mean and standard deviation population of
helloenders per site was 4.44 + 3.06 pre- and 2.44 + 2.67 post-Helene. Most of the sites
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show a decline in populations; however, sites five and eight show an increase in
population, indicating variance in site resilience. To further understand populations, we
analyzed overall populations by age classification.

Adult populations significantly declined from pre- to post-Helene estimates (P = 0.069,
Figure 2), with a pre-Helene mean of 1.67 + 0.77 and a post-Helene estimate of 1.15 +
1.03. All other age classes, larva, juvenile, and sub-adult, showed a decline in estimates,
but no significant difference in populations (all P = 0.19, Figures 3, 4, 5).
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Figure 2. Mean and standard deviation of adult hellbender population estimates pre-
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and post-Helene. Average population significantly declined from pre- and post-Helene (P =
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Figure 3. Average larva populations pre- and post-Helene show no statistical
significance (P =0.645)
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Figure 4. Average juvenile populations demonstrate a decline from pre- and post-
Helene but no statistical significance (P = 0.19)
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Figure 5. Average sub-adult populations show a slight decline pre- and post-Helene,
but no statistical significance (P =0.51)

Discussion

My results suggest that adult populations significantly declined after Tropical Storm
Helene, raising concerns for future populations. While there was no statistically significant
decline in other life stages, the decline in adults alone has the potential to critically harm
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these populations. Hellbenders are considered adults when reaching sexual maturity at
approximately five years old (Nickerson & Mays, 1973). The presence of younger age
classes brings hope for the population to be replenished and recover from Helene;
however, Freake & DePerno found that larva population survival rates are about 10% in the
firstyear (2017). With low survival rates, younger populations may not reach adulthood to
replenish populations. Additionally, recent studies have found that many populations are
composed of older and larger adults, signaling a lack of successful recruitment and
possible extinction (Diaz et al., 2022; Unger et al., 2013; Wheeler et al., 2003). With
recruitment rates reaching concerning low levels and a loss in the reproductive population,
there is reason for concern that if other age classes do not successfully reach maturation,
we may see serious declines in recruitment.

Surprisingly, the larva populations did not show a significant decline in population after
Tropical Storm Helene. While there was a slight trend, there was no clear decrease in
populations, contradicting previous research conducted by Nickerson et al., who found
larva populations decreasing after major flooding due to high conductivity and flow (2009).
The lack of statistical significance may be due to low capture rates overall; with increased
sample sites, we may see clearer trends. Another factor impacting statistical significance
was the difference in site populations and responses to the storm.

Population estimates differed across sites, indicating a need for further research on
additional factors impacting populations by site. The natural flow of rivers leads to a more
optimal habitat for specific species and overall resilience to natural fluctuations and
storms (Dolloff et al., 1994). Some additional factors impacting populations at varying
levels by site include habitat loss, debris removal, movement rates, and riparian damage.
When comparing sites, it is necessary to mention the presence of machine debris removal
visible at four of the nine sites. There were visible impacts of these machines, including
cracked rocks and tire tracks spanning the river. Because we were unable to sample after
Helene, but before the machinery and after the machinery, we are unable to confirm what
damage was caused by what factors. This makes it difficult to extrapolate the degree of
impact when comparing populations among sites with or without debris removal. The
debris removal creates an additional factor in analyzing populations that must be
continually monitored to understand their impacts and make recommendations for
potential future efforts for our rivers.

Biological significance is crucial to consider when examining rare species, particularly
those with already declining populations. Overall, we are observing a decline in
populations at most study sites, which is concerning, particularly in adult populations. As
extreme hydrological events continue to increase, this data provides a baseline
understanding of hellbender response to major flooding events.
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Recommendations

We recommend monitoring of the populations at these sites to track age class and
reproduction rates to better predict how populations respond. Additionally, factors such
as riparian damage, riparian size, and land use should be researched to determine how
sites respond differently to flooding. If factors can be identified, restoration practices can
be focused on the correlated factors to attempt to build stream resilience to protect
populations. These specific sites have a unique additional factor of heavy machinery
debris cleanup. While we were unable to analyze the impact of debris removal due to a
lack of post-Helene pre-debris cleanup data, these sites provide a location to track habitat
and population changes following debris cleanup, providing data to inform future
restoration efforts.

Acknowledgments

I want to express my absolute gratitude to my mentor, Dr. David Gillette, for his constant
support and guidance. Thank you to Reed Rossell for being an amazing field advisor and
help. This project would not exist without the previous research of Ben Dalton with the
North Carolina Wildlife Resources Commission, the financial support from Defenders of
Wildlife, Center for Biological Diversity, the North Carolina Collaboratory, and the UNCA
Undergraduate Research Program. | also want to thank Tess Bryant, Halle West, Zach
Grady, and all our volunteers for their tireless work in data collection.

References

Bodinof, C. M., & Hopkins, W. A. (2018). Loss of catchment-wide riparian forest cover is
associated with reduced recruitment in a long-lived amphibian. Biological
Conservation, 220(0006-3207), 215-227. https://doi.org/10.1016/j.biocon.2018.02.012

Burgmeier, N. G., Unger, S. D., Sutton, T. M., & Williams, R. N. (2011). Population status of
the Eastern Hellbender (Cryptobranchus alleganiensis alleganiensis) in Indiana.
Journal of Herpetology, 45(2), 195-201. https://doi.org/10.1670/10-094.1

Coulson, T., Mace, G. M., Hudson, E., & Possingham, H. (2001). The use and abuse of
population viability analysis. Trends in Ecology & Evolution, 16(5), 219-221.
https://doi.org/10.1016/s0169-5347(01)02137-1

Dayton, P. K. (1998). Reversal of the burden of proof in fisheries management. Science,
279(5352), 821-822. https://doi.org/10.1126/science.279.5352.821



Capstone, Spring 2026 - 10

Diaz, L., Unger, S. D., Williams, L. A., & Bodinof, C. M. (2022). Resource selection patterns
of immature Eastern Hellbenders in North Carolina, USA. Ichthyology & Herpetology,
110(2), 398-408. JSTOR. https://doi.org/10.2307/48839602

Dolloff, C. A., Flebbe, P. A., & Owen, M. D. (1994). Fish habitat and fish populationsin a
Southern Appalachian Watershed before and after Hurricane Hugo. Transactions of the
American Fisheries Society, 123(4), 668-678. https://doi.org/10.1577/1548-
8659(1994)123%3C0668:fhafpi%3E2.3.c0;2

Freake, M. J., & DePerno, C. S. (2017). Importance of demographic surveys and public
lands for the conservation of eastern hellbenders Cryptobranchus alleganiensis
alleganiensis in southeast USA. PLOS One, 12(6), e0179153.
https://doi.org/10.1371/journal.pone.0179153

Gido, K. B., Schaefer, J. F., Work, K., Lienesch, P. W., MarshMatthews, E., & Matthews, W.
J. (1999). Effects of Red Shiner (Cyprinella lutrensis) on Red River Pupfish (Cyprinodon
rubrofluviatilis). The Southwestern Naturalist, 44(3), 287-295. JSTOR.
https://doi.org/10.2307/30055224

Gillette, D. P., Tiemann, J. S., Edds, D. R., & Wildhaber, M. L. (2006). Habitat use by a
Midwestern U.S.A. riverine fish assemblage: effects of season, water temperature and
river discharge. Journal of Fish Biology, 68, 1494-1512. https://doi.org/10.1111/j.1095-
8649.2006.01037

Hecht-Kardasz, K. A., Nickerson, M. A., Freake, M., & Colclough, P. (2012). Population
structure of the hellbender (Cryptobranchus alleganiensis) in a Great Smoky Mountains
stream. Bulletin of the Florida Museum of Natural History, 51(4), 227-241.
https://doi.org/10.58782/flmnh.cwvf8586

IPCC, Seneviratne, S.1., X. Zhang, M. Adnan, W. Badi, C. Dereczynski, A. Di Luca, S. Ghosh,
I. Iskandar, J. Kossin, S. Lewis, F. Otto, I. Pinto, M. Satoh, S.M. Vicente-Serrano, M.
Wehner, and B. Zhou, 2021: Weather and Climate Extreme Events in a Changing
Climate. In Climate Change 2021: The Physical Science Basis. Contribution of Working
Group I to the Sixth Assessment Report of the Intergovernmental Panel on Climate
Change[Masson-Delmotte, V., P. Zhai, A. Pirani, S.L. Connors, C. Péan, S. Berger, N.
Caud, Y. Chen, L. Goldfarb, M.l. Gomis, M. Huang, K. Leitzell, E. Lonnoy, J.B.R.
Matthews, T.K. Maycock, T. Waterfield, O. Yelekci, R. Yu, and B. Zhou
(eds.)]. Cambridge University Press, Cambridge, United Kingdom and New York, NY,
USA, pp. 1513-1766, doi: 10.1017/9781009157896.013.

Ledger, M. E., & Milner, A. M. (2015). Extreme events in running waters. Freshwater Biology,
60(12), 2455-2460. https://doi.org/10.1111/fwb.12673

Nickerson, M. A., & Mays, C. E. (1973). The Hellbenders: North American “Giant
Salamanders.” Milwaukee Public Museum, Milwaukee, WI, 1.



Capstone, Spring 2026 - 11

Nickerson, M. A., Pitt, A. L., & Prysby, M. D,. (2009). Effects of flooding on Hellbender
salamander, Cryptobranchus alleganiensis Daudin, 1803, populations. Salamandra,
43(2), 111-117.

Nickerson, Max & Pitt, Amber & Prysby, M.D.. (2007). Effects of flooding on Hellbender
salamander, Cryptobranchus alleganiensis Daudin, 1803, populations.. Salamandra.
43.111-117.

Phillips, C. A., & Humphries, W. J. (2005). Family cryptobranchidae: Cryptobranchus
alleganiensis (Daudin, 1803): Hellbender. In Amphibian Declines: The Conservation
Status of United States Species (pp. 648-651). University of California Press.

Poff, N. L., & Zimmerman, J. K. H. (2010). Ecological responses to altered flow regimes: A
literature review to inform the science and management of environmental flows.
Freshwater Biology, 55(1), 194-205. https://doi.org/10.1111/j.1365-2427.2009.02272.x

Strickland, B. A., Patrick, C. J., Carvallo, F. R., Kinard, S. K., Solis, A. T., Reese, B. K., &
Hogan, J. D. (2024). Long-term climate and hydrologic regimes shape stream
invertebrate community responses to a hurricane disturbance. Journal of Animal
Ecology, 93, 823-835. https://doi.org/10.1111/1365-2656.14086

Talbot, C. J., Bennett, E. M., Cassell, K., Hanes, D. M., Minor, E. C., Paerl, H., Raymond, P.
A., Vargas, R., Vidon, P. G., Wollheim, W., & Xenopoulos, M. A. (2018). The impact of
flooding on aquatic ecosystem services. Biogeochemistry, 141(3), 439-461.
https://doi.org/10.1007/s10533-018-0449-7

Unger, S. D., Sutton, T. M., & Williams, R. N. (2013). Projected population persistence of
eastern hellbenders (Cryptobranchus alleganiensis alleganiensis) using a stage-
structured life-history model and population viability analysis. Journal for Nature
Conservation, 21(6), 423-432. https://doi.org/10.1016/j.jnc.2013.06.002

USGS. (2026). StreamStats National. Usgs.gov. https://streamstats.usgs.gov/national-
beta/

Western, D. (1992). The Biodiversity crisis: A challenge for Biology. Oikos, 63(1), 29.
https://doi.org/10.2307/3545513

Wheeler, B. A., Prosen, E., Mathis, A., & Wilkinson, R. F. (2003). Population declines of a
long-lived salamander: a 20+-year study of hellbenders, Cryptobranchus alleganiensis.
Biological Conservation, 109(1), 151-156. https://doi.org/10.1016/S0006-
3207(02)00136-2



