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* Amphibian decline and diversity

* What are Hellbenders???

* How are Hellbenders doing???

* Where are Hellbenders???

* Impact of land use on occupancy

* Conservation implications and future research
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mphibian declines

* Highest proportion of species
threatened with extinction AMPHIBIAN DECLINES
(Cushman 2006) .

* Major threats (Beebee and
Griffiths 2005)
* Habitat destruction
* Diseases
* Invasive species
* Exploitation
* Climate change

* Amphibians are particularly
vulnerable

* Good indicators of
environmental conditions

mphibian Classification and Di ity

ARKiVE

* Includes three major Orders

- Anura (Frogs and Toads) %
- Gymnophiona (Caecilians) 7

- Caudata (Salamanders)

* Anura = greatest diversity 6,824
species

* Caudata = 707 species
* Gymnophiona = 206 species

Caudate Phylogeny

Plethodontidae Derived

Amphiumidae

Rhyacotritonidae

Ambystomatidae

Dicamptodontidae

Salamandridae

Proteidae

Sirenidae

Hynobiidae
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Cryptobranchidae  primitive ﬁ O

Courtesy: Rebecca Hardman




Family Cryp anchidae

* Crypto- “hidden”, -branch “gill”, - idae “family”

* Two genera (Cryptobranchus and Andrias)

Bishopi ssp. — Federally Endangered

Alleganiensis ssp. — under review

**Research by Paul Hime

revealed unknown diversity**
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May 24th, 2008, Blue River
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Hellbender Total Length: 1990s

Calfkiller River: 4 hellbenders; 40.2 — 54.5 cm
Duck River: 3 hellbenders; 45.4 — 55.5
Collins River: 42 hellbenders; 40.8 — 54.5
Buffalo River: 28 hellbenders; 11.1 — 60.8

Calfkiller, Collins, and Duck rivers were sexually mature (Eastern Highland
Rim streams)

By contrast, 25% (n = 7) from the Buffalo River were juveniles (111 mm —
253 mm). Western Highland Rim stream

# Hellbenders
found

Collins River Wi IGrundy

Calfkiller River  White

Elk River Franklin 1.00(0.70)

Stones River Rutherford 1.10 (0.50)

RichlandCreek Gile: 0.50 (0.31)

Duck Rive Coffee 12.14(7.30)

Bedford 15.11 (9.40)

Little Sequatchie Marion

Totals
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Cherokee NF Population Size Structure

Hiwassee River Tellico River

Tumbling Creek

Little River Deep Creek

Total length (cm)

Noland Creek

Total length (cm)
Total length (cm)

L

-

Historic Range 4 Undergoing federal status
[ Eastern subspecies assessment

r  Ozark subspecies

0 250
H

Courtesy of Dr. Cathy Jachowski




The use of species distribution models (SDM) and environmental
DNA to evaluate the distribution of the Eastern Hellbender
(Cryptobranchus a. alleganiensis) In Tennessee

Jeronimo Si e State University
Iliam Sutton — Teni State University

Stephen Spear — The Wilds

Michael Freake - Lee University

Step1 Step 2 Step 3 Final Goal

* Guide sampling
efforts and depict
areas of highest
conservation

concern
* Ground truth our
Occupancy habitat model and
Modeling evaluate model
accuracy

Field Sampling

* Use occupancy
modeling to further|

SFEC!ES . evaluate the status

Distribution of C. alleganiensis

Model (SDM) within its range in
Tennessee

Step A Occurrence data + Use SDM to focus Use detection and
2lep A Environmental sampling effort letection data
Covariates
) Use envirenmental DNA Incorporate
Ste p B Maximum PY sampl| perfect detecti
Algorithm
llegani Jetection Corrected site
and non-detection occupancy estimates

study area
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Map of ecoregions and eDNA sampling sites within the C. alleganiensis range in Tennessee|

o 165 3% 660 Miles
s
Legend Missour Kentucky
« eDNA sampling sites 8 Southwest Appalachians ecoregion Vioine
O range Plains ecoregion
Blue Ridge ecoregion . Interior plateau ecoregion Atkansas SoiiCaribe
Ridge and Valley ecoregion Adjacent states
Soutn
Central Appalachians ecoregion Mississep | panama Georgia Garolina




Environmental information

Distribution data

Potential distribution

**Now | know where to

focus my sampling effort**

Presence data

153 occurrence points 1950 — 2015

Stream flow
Hillshade
Elevation
Precipitation
Land cover
Geology
Stream order
Temperature

Across Tennessee

Step 1
-@‘&

Species
Distribution
Model (SDM)

Algorithm

w
study area

Field Sampling

Use SDM to focus
mpling effort

non-detection

Occupancy
Modeling

Use detection and
data

Incorporate
mperfect detection

Corrected site
occupancy estimates

O Low
[ Medium
I High
I Very high
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Final Goal

«Guide sampling
efforts and depict
areas of highest
conservation
concern

*Ground truth our
habitat model and
evaluate model
accuracy

eUse occupancy
modeling to furthe
evaluate the status|
of C. alleganiensis
within its range in
Tennessee




Environmental DNA
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Step 1

Species
Distribution
Model (SDM)

Occurrence data +

Step A

Maximum Entropy
St

Ste :-) C Potential distribution of

C. afleganiensis within
study area

Field Sampling

Use SDM to focus
sampling effort

Use environmental DNA
sampling

C. alleganiensis detection
and non-detection

Step 3 Final Goal

«Guide sampling
efforts and depict
areas of highest
conservation
concern

*Ground truth our
habitat model and
evaluate model
accuracy

Occupancy
Modeling

eUse occupancy

modeling to furthe
evaluate the status|
of C. alleganiensis
within its range in
Tennessee

Use detection and
non-detection data

Incorporate

mperfect dete:

ll

Corrected site
occupancy estimates
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Occupancy model

Naive vs. Corrected occupancy

Modeling techniques described R
by MacKenzie et al. (2002, 2003) BSTIMATING STE OCCUPANCY, COLONIZATION, AND LOCAL

EXTINCTION WHEN A SPECIES IS DETECTED IMPERFECTLY

* Single species e
* Single season

29 models

Detection (observation covariate)
->Julian date

Occupancy (site covariates) ->
elevation, geology, Strahler
order, land cover, and ecoregion

e

AIC, -> evaluate model SEL e PR Bt S o s
performance

Results — Habitat Model

Covariate Percent contribution (%)

Strabler order

e 004 2 Geology
pridrssat
Precipitation

Temperature
Landcover

Elevation

Slope

Hillshade

Stream flow direction

Jsesnite ot

{ vt ansties =

Results — Habitat Model

Ecoregion Suitable stream area per suitability category (km?)
Low Medium High Veryhigh __ Total (km?)

Central Appalachians 3.09 174 0.13 0.00 4.96
Blue Ridge 29.72 12.07 7.80 5.02 54.60
Southwest Appalachians 19.33 1127 275 0.13 33.48
Ridge and Valley 46.75 25.59 22.63 1.91 96.89
Southeastern Plains 3.59 224 0.99 0.76 7.58
Interior Plateay 102,19 0,64 69.94 1l 224,88

2
Total (kin?) 20468 103.54 104.25 9.93 42239 Total (km?)
= L = it 8

Percent of each suitability category per ecoregj
Central Appalachians 62.39 35.03 2.58

Blue Ridge 5443 22.10 14.29 9.19
Southwest Appalachians 57.73 33.65 8.22 0.39
Ridge and Valley 48.26 26.41 23.36 197
Southeastern Plains 47.36 29.51 13.09 10.04

45.44 22.52 31.10

Interior Plateau

*12% of total available stream *75% of suitable streams fall within

area is predicted as suitable low and medium category
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For size reference

New Orleans = land area 439 km~2

Corpus Christi = land area 416 km~2

sults — Field Sampling

MaxEnt Suitability Category
Low Medium High  Very high Total (¥)
Detection (#) 9 12 19 25 65
Non-detection (¥) 59 66 65 29 219 |
Total (%) 68 78 84 54
Detection (%) 13.2 154 22.6 46.3 229
Non-detection (%) 86.8 84.6 77.4 53.7 77.1

Ecoregions

Detection

Results — Occupancy modeling

Non-detection

Blue Ridge 34
Interior Plateau 17
Ridge and Valley 10
Southwestern Appalachian 4
Central Appalachian 0
Southeastern Plains o]
Total

36

139
29
12

Total Naive Occupaney (%)
70 48.6
156 10.9
39 256
16 25
1 0
2 0

Occupancy (psi)

Detectability (.)

K
CRALfm19 ecoreg_3 X 5 .
CRALfm6 ecoreg_3 survey 384.91 6 1.49
CRALfm29 X11_STD ecoreg_3 384.99 6 1.50
CRALfm24 () ecoreg_3 385.07 5 1.65

4/10/2018
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Results — Occupancy (post hoc analysis

.
69.2 +0.07%

per ecoregion

+

426+0.11% 542+0.24%

42.2+0.15%

ot P SR R Vel
Ecoregion

72.4 £0.10%

25.1+0.10%

Corrected occupancy
Percent Occupancy

E 55.5+0.24%

40.9 £0.24%

TP Ev e e Voo oA
Ecoregion

E Detection  Non-detection Total Naive Occupal
Blue Ridge 34
Interior Plateau
Ridge and Valley
Southwestern Appalachian
Central Appalachian
Southeastern Plains
Total

Occupancy (psi)
CRALfm19 ecoreg_3
CRALfm6 ecoreg_3
CRALfm29 X11_STD
CRALfm24 () ecoreg_3

Discussion
« Limited available habitat for the species
within its range in Tennessee

 Ecoregion is a strong determinant of
occupancy and detection
* Geomorphology
* Hydrology

* Where are the stronghold populations?

* Ecoregion and occupancy = Proxy for effect
of land use practices
* Legacy effect
* Current effect

* eDNA was an effective tool
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nclusions and Conservation Implications

Habitat degradation seems to be the MVP of hellbender decline

Future conservation of the species may rely on prioritizing
populations and areas of highest conservation need
* Where would you focus your conservation efforts?

Future research
* Compare microhabitat between areas with declining
populations functional populations.
* Quantify sediment input over time
* Further evaluate effect of land use

CONSERVATION TOOLBOX

4/10/2018

A4
SDA #EENIFA
= Sy

* Jessica
« Thais Lopes
* Private Landowners
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If you were a policy maker, what

would do to improve hellbender
conservation in Tennessee?
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