INTRODUCTION

Amphibians worldwide are facing a severe problem of biodiversity
decline. In California, 22 out of 69 salamander, frog, and toad species
are facing conservation risks. With multiple underlying environmental
factors, the effects of climate change and 1t induced snowpack reduction
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I obtained snow water equivalent (SWE) data from Cal-Adapt and
computed the average and range for the period from January to April.
Both current and future values were based on HadGEM2-ES model.

Data Analysis
With BV and SWE, I used Maxent, a maximum entropy modelling
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To Be Or Not To Be: The Fate of Ten Amphibians in Sierra Nevada in a Warming Climate

Species Response under Projected Climate and Snowpack Levels

1 1 and und - od method, to make predictions on current species distribution and 4;* : pe o Vo O%
. . . : . : . . - " & O o A, o
are still controversial and undetermined. projections into future climate scenarios. I ran with replicates for both W %o corrent Prediion. %° S
Current studies infer that climate change 1s indirectly driving the decline predictions and projections and used average AUCs, variable O ) ook ¥ , o . Currnc?
g . . . . . . . . . . . . . ccurrence v Abeence Occurrence N 04527 Occurrence o8 Q . ‘fbsence
of amphlblan blOleGI’Slty in California. The snowpack in Sierra Nevada COIltI‘lbllthIlS, and thresholds to make comparison and create blnary R 0 B Batachonens s b s el s 0 o, @%0 —
serves as a source of water supply which replenishes mountainous maps. o el TR et L 08 % i " S o ° ;O% S
. . . . . . : D B osi ‘ " + -muscosa (7] \—«'+/%++ B v O SNC e) 09
streams and lakes laying inside amphibian habitats in summer. RESULTS-1 PR o s s v 2 CRseme 505 0w g e 1 Jy 505 ws 5 o s :
. . . . . = N N e SNC . ‘o s L N Q) - Sy oo AN = = .
Observations and projections support in the future a warmer winter and % %%
spring temperature, more precipitation falling as rain and less as snow . |
pring temp ’ pretip S 7 Model Performance under Current Climate and Snowpack Levels )
reducing amount of accumulated snow after wet season, and earlier . i & & ol
. . < . . . . AUG: for the Predictions of Current Amphibian Distribution . % £ g '!i"'
snowmelt in spring. Sensitive to climate warming, the reducing size of L
. . . .y - 1 0977 556 Rep 4.5_2050 Projection Rep 4.5 2070 Projection %
snowpack 1s presumptive to become another factor linked to amphibian . 0.962 h955 0950 0.962 o Rep 45 205 Projecton kep 45 2070 rogection A nep s ross aresenn VR s A Pt
. . . . . 0.929 ’ Binary maps _ Binary maps A Absence Absence o Binars mans
blOdlverSIty deCIIHe. Oﬂ:& 0.898 0.904 0.901 020 Absence - i Absence b R- boyli i R. boylii o :]:sp;ce a . AbsI::nce
v 0.856 0.851 0.869 0.869 ggﬂr-i‘(l):sze - ? 5 !' ﬁg‘“ﬁ‘:“ 51 - &} | 5@‘14%3 gca;:: o ﬁeag %P ﬁeas |
w - 5 ‘ . o 5 ) e A e oo oo
OBJ ECTIVES 08 0.771 S0 5 1015 20km hi’). 3 5.0 5 10 15 20km % \? 51-840-4923 5 0 s 51@0‘4831 0 5010 15 20km - 40.5172 0 5 10 15 20km - }0‘516680 510 15 20km
0.75 O C———— X O w———— ’} o B oo BN O - —
. R 0.7
1. How well would the model perform given current climate and 0.672 (
0.65 0.634 y : 5 " )
snowpack levels? $ _. e
. . . 0.6 : l% a
2. How would species response under projected climate and snowpack 0.55 Y Rep 8.5.2050 Projection st e E
levels 1n 2050 and 207079 0.5 2::1::?30 Projection k ::l:j';:;om Projection & « Bmm:'zm B“‘“":‘z:; % R'cp 8.5_2050 Projection ‘;H,- R'cp 8.5_2070 Projection
. . & N W & & & § & & & . . s : ay o= — B h” B e
3. How would the two RCP levels influence the projection outcomes? & & &5 = <« & S & & = e 2 L S T el s
%o@b Q,-QO Q\Q;@,O ~ v \ad @O < < H. platycephalus e H.platycephalus %\( 1 \ B o4 - 04298 | - -‘05661 - ?0819
Y"& A B Training AUC ®Test AUC = -0'4:6 o 5 10 15 20km g 0.4?3 6 5 10 15 20km M.E Y ‘* ;&0-52»489 ’A‘ 2“0-8;4907 @ ; - -0.1883 B o7
H O EE . N -::"." R. siemrae 500 0 R. sierrae 5 0 5 10 15 20km 5.0 5 10 15 20km S 0 5 10 15 20km
MATERIAL & METHOD o oo O L BEAN = == =m  m e mm AN = == =m
Contribution of Environmental Predictors to Current Species Distribution Plethodontidae Ranidae Bufonidac
Sierra Nevada Region 200.00
. : s
I used Sierra Nevada Conservancy (SNC) Region map to define the 25 160.00 %
= %
Stlldy arca. g g 120.00 §-’.’~ REFERENCE
A g © = &
StUdied SpeCieS Lg é 80.00 - . Current Prediction X :
: . e 5 = — o Binary maps » Carey, C., and M. A. Alexander. 2003. Climate change and
. N [ urren . Current Prediction oo . . . . .
: pleed 10 spec1es. from 5 families: Ambystoma ma.cr()dac.lylum’ H0-00 1 l l - A :mz:mmum i ’ Occurrence ° o Binary maps amphibian declines: 1s there a link? Diversity and
Batrachoseps gregarius, Hydromantes platycephalus, Taricha sierrae, o I SNC Boundan - o e Distributions 9:111-121.
Anaxyrus boreas, Anaxyrus canorus, Rana muscosa, Rana sierrae, Rana ' BV] BV2 BV5 BV6  BVI2 BVI5 Bvyy SWEav SWE ra gy Sl 0 B e _ .o _ Cayan, D. R., E. P. Maurer, M. D. Dettinger, M. Tyree, and K.
.. g nge | . . (. . D 5005 015 20w : . o
. . O Hayhoe. 2008. Climate change scenarios for the California
cascadae, and Rana boyli. B R. sierrae 0.66 7.55 36.46  12.01 0.96 31.65 2.04 6.45 2.21 8 Y Climatic Ch 87.21‘%_42
C B R. muscosa 85.83 9.79 4.38 region. Climatic Change o7 '
Species Occurrence Data ' | ' - - . o o
Geospatial Innovation Facility. 2018. Cal-adapt. California
B R. cascadae 16.97 1.54 34.27 37.25 9.97
I collected historical occurrence data using specimen records in the mR. boylii 1127 218 1130 38 089 4925 140 1792 193 5, o Energy Commission, California, USA.
Museum of Vertebrate Zoology from 1950 to 2000, removed ® A. canorus 3.93 18.02 11.86 7.45 0.23 1.44 55.66 1.40 . Graham, C. H., anq R. J. Hljmans. 2006. A comparison of
, , , M A. boreas 3.33 13.42 7.48 9.32 16.94 18.96 8.49 4.61 17.44 Y methods for mapping species ranges and species richness.
occurrences without coordinates or outside SNC, and checked BT sicrrac o 748 | 700 | 873 o0 | 333 o *\.& o 3 Global Ecology and Biogeography 15:578-587.
. o . . cp 4.5_20350 Projection » cp 4.5_ rojection
environmental outliers and geographical errors with GIS. .g. platycephalus sg; (1) éf g g . izj 2 2 ; 285,9011 330,1358 212,3962 P S %, o rs o recin e P Hijmans, R. J.. S. E. Cameron, J. L. Parra, P, G. Jones, and A.
? - SICEATIUS : ' : : : : : : : ot et Binarymaps Binarymps Jarvis. 2005. Ve high resolution interpolated climate
Environmental Data A. macrodactylum 0.83 145 568 4751 035 | 43.02 056 0.6l oo . B o B A e P
Time I I and Proiection S ) e w  ae e - - \ surfaces for global land areas. International Journal of
ime Interval and Projection Scenarios S .- S . R S | Climatology 25:1965-1978.
Current climate levels were averages from 1960 to 1990 and snowpack CONCLUSION i O =) Phillips, S.J., M. Dudik, and R.E. Schapire. 2018. Maxent.
L : Verision 3.4.1. Center for biodiversity and Conservation at the
levels were averages from 1950 to 2000. I made projection 1n 2050 and . . .
; 1 Key environmental variables: ) American Museum of Natural History, New York City, New
2070 under RCP 4.5 and RCP 8.5. The 2050°s levels were averages ' ' » 3 d York, USA.
from 2041 to 2060 while those for the 2070’°s were from 2061 to 2080. a. Average snow water equivalence from January to April N 5. . Phillips, S. J., R. P. Anderson, M. Dudik, R. E. Schapire, and
Data Sources b Precipitation seasonality ‘X | M. E. Blair. 2017. Opening the black box: an open-source
o Rep 8.5_2050 Projection ‘&Q Rep 8.5_2070 Projection Rep 8.5_2050 Projection Rep 8.5_2070 Projection release of Maxent. Ecography 40:887—893.
I used 7 bioclimate variables (BV) from WorldClim: annual mean c. Annual precipitation = p—— —— . Thomson, R. C., A. N. Wright, and H. B. Shaffer. 2016.
temperature (bv_1); mean diurnal temperature range (bv_2); maximum d. Mean diurnal temperature range B oo —— o e \ California AIfnphlil}ian and Reptile kSlpeccziies olffSpecial Concern.
e gt ) ) 5 0 s 10 15 20km s 0 s 10 15 20w 5 0 s 10 15 20km s 0 s . University of California Press, Oakland, California.
temperature of the warmest month (bV_.S.), minimum temperatur'e .of .the 2. Two groups that need conservation attention: o 0  ——— o o t.
coldest month (bv 6); annual precipitation (bv 12); precipitation . . . . )
. - . . - a. High-elevation endemic species
seasonality (bv 15); and precipitation of the driest quarter (bv 17). . . . Ambystomatidae Sulamandvidae
. . . , . b. Species from the family of Plethodontidae
The 7 BV were mitially used in Graham and Hijmans’s research in s N o . - ]
- - - - - : €W species iteraction due to change ot range.
2006. In this project, model using these 7 BV as climate variables pe! g g | ACKNOWLEDGEMENTS
outperformed other models that combined temperature seasonality, RCP4.5 1s more bearable than RCP8.5 for most species.
precipitation of wettest quarter, and precipitation of the coldest quarter 5. Future studies should fully cover the current range for potential I thank Michelle S. Koo, Museum of Vertebrate Zoology and Patina K. Mendez for their help with the research.

as climate variables.

declining species to project their fate more accurately.
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