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Introduction

Observations about the geology, flora, and fauna of the Crater Lake area have been
occurring since long before the formation of the National Park in 1902. Human interaction in
this area has been traced as far back as the eruption of Mt. Mazama. \ditivtdief white
settlers to the area in the 1800s, the park presented an early opportunity for these people to
conduct research in this unique environment. This careful examination of the area continues to
this date, continuously presenting researchdfs mew opportunities to learn about the
interactions taking place in the natural environment inside the park.

Today some of the interactions observed within the park are a direct result of
anthropogenic modification of the ecosystem. One particuladydsting modification has been
the introduction of fish species intodter Lake itself. Documented as first occurring in 1888,
the practice of stocking fish in the lake occurred until 1941 (Girdner, 2002). During this period,
nearly 2 million fish compsing five species were introduced to Crater Lake; though today only
two species persist, rainbow tro@r(corhynchus mykisand kokanee salmo®fcorhynchus
nerka (Girdner, 2002).The subsequent introduction of the signal crayfidfc{fastacus
leniusalus klamathens)sn 1941 has also been an ecological modification of interest in the
park.

Within Crater Lake there are two nativdasaander species, which coexigthin the
caldera. These are the Mazama néwaricha granulosa mazampeand thd_ong-toed
salamanderAmbystoma macrodactylymBoth species have documented observations dating
back to the late Icentury. Abundance was first described by B.W. Evermann i, 58@
study of both species has been ongoing. Much of the researatydrpWwas been focused on the
Mazama newt, and theredbeen no recent systematic survey oflthegytoed salamander
within the Crater Lake caldera since the 2l century.

This projectwas implementetb fill the information gap, and systematicasiyrvey
Longtoed salamanders within the Crater Lake Caldera. Particularly of intexgathistorical
comparison of abundance, as park redists had describewealth of observed specimeins
theearly 2" century. (Farner and Keezer, 1953). Withititeoduction of potential prey species
as mentioned above, and the current research being conducted regarding the relationship between
these species and the Mazama newt, this prbgpedexamine the poorly understood



relationship between these speaes thdongtoed salamander. Particularly this study
examing the impact of crayfish on tHengtoed salamandetistributionand compared present
distribution to historical observations from early"2@ntury naturalists such as Farner and
Keezer 1953; Campbell, 1929; Evermann, 688arner; 1946, Funkhouser, 1949; Heath, 1938;
Slevin, 1928; and Vincent, 1947.

Methods
Site Selection

Siteswereselected for two main criteria: historical observations and known
crayfish prevalence. LoAged sadmanders were deribed historically to persist Red Cloud
Cliff (Cloudcap Bay)Eagle Coe, and Wizard Island (Evermar896).Thereforethese sites
werereexamined during this surveydditional sites were selected to determine the edges of
Long-toed salamander distribution, and in areas of known crayfish habitatlsh.of all survey
locations is included in the Appendix®.

Survey Methodology

Surveys were timed in order ¢toeate a rate of capture (number of individuals
found/time). Based on information obtained from Farner & Keezer (16683urveys focused
on the area between one and two meters from t
overturned, with particar attention being given to areas where moisture was found under rocks.
Long-toed salamanders found were then collected and placed in a bucket with water. Once the
timed survey was complete these specimens were examined. Individuals were weighed and
measured (snouvent, snoutail). Additionally, a DNA sample was taken to augment
concurring research being done on the species to determine genetic variation between caldera
collected samples and those found elsewhere in the park. This sample was diytsakaty a
small tissue sample from the tail. Once sampling was complete specimens were released back
into the survey area.



Results

Data regarding seasonal crayfish surveys was provid€idigr Lake National Park
researcherScott GirdnerMark Buktenica, and David Hering. This data was used to compare
Long-toed salamander habitat to the known distribution of crayfish within the Crater Lake
caldera. We found that in known crayfish sites L-toed salamanders were ratservedand
vice-versa (Figure 1).
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Figurel - Red Markers represent crayfish observed in 2015, Green Markers represeffioeon8alamanders found in 2015



It was also observed that capture rate of crayfish declined in areas nedgéiseof
salamander observations.
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Figure2 - Capture Rate (Individuals/Time in minutes) of both Salamanders and Crayfish

Comparing the results from this studyhistorical documents, Lorped salamandersayhave
decreased imnge. Traditionally found at Red Cloud Cliff (Cloudcap Bay), Eagle Cove, and
Wizard Island, individuals were only observed in the areas surrounding Eaglel@mgethis
survey;Wizard Island and Cloudcap Bay ammnknown habitat for crayfishBased o our
observations, Longped salamanders were constrained to the Southwest corner of the caldera.
Despite a small range, density was quite high, with a capture rate as high as 0.6 (25 specimens
found in 14 minutes). In many of these high density armaasy more specimens could have

been collected had the time at the site been extended.

Size and weight measurements are included in the Appendl), @nd are summarized in
Figure 3 below.



Snout-Vent Length (mm)Snout-Tail Length (mm)NVeight (g)
Samples Measurefl 46 46 44
Mean 51.73913048 98.5 3.29782608
Standard Deviatiof 4.81402941y 11.0890336L 0.84577095)

Figure3 - Summary Measurements of Collect®gecimens

Size and weight data did not show variation between sites, and appeared to show a
healthy distribution of different sizes and weights of the individuals captured.

Discussion

Based on the observational dataained during this survey it appears that the Limegl
salamander may exhibit risk factors brought on by encroachment of invasive species.
Comparing past and present survey nofithns, it a
the Crater Lakealdera. With the lack of salamanders found on Wizard Island and at Cloudcap
Bay (though historically found at these sitea)d the abundance of crayfish found in these
locales, it can be suggested that these are correlating fadterew of the distibution data of
both species seems to show that the two species do not cohabitate within the caldera. Further
studies empirically documenting a predator/prey relationship could provide causation to this
phenomenon. Paired with more robust abundancebddtdrom markrecapture studies of both
species, a Lotk&olterra model could be built to predict the impact of this relationship moving
forward.

It may also be safe to assume that within this range, abundance majdualecreased
over the past onleundred and twenty years sirfast catalogued by Evermann (1896). During
his surveyse describedthe LoAaigoed sal amander to be fAexceedi n:
Al mM] ore than a hundred speci mens were coll ect
Someti mes as many as a dozen or fifteen were f
1896). The recensurvey in the summer of 2015 seemed to lack this level of abundance. A high
density of individualsoundunder a single large flat rock was four or five individuals and
perhaps one or two Mazama Newlalicha granulosa mazampe

Though not empirical, this data is highly suggestive, and offers the opportunity for
further research and tracking of the hatotfathe species. By conducting annual or biennial
studies using this survey as a template, researchers could observe trends in changing habitats of
the Longtoed salamander. By creating a more robust data set, evidence could be obtained to
help decisiormakers manage inva® species within the caldera and, if deemed necessary,
develop and implemeptrotective measures for the Letmpd salamander.
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Appendix

A-1 (Site Locations and Rate Ghpture)

. . ' UTM ZN 10T
Site Name - Abbreviatg Number LTS Four Time Searchel Number of Surveyol Rate LOC X LOC Y
Chaski 1 17 8| 4 0.5312%$572123 4751174
Cloudcp-1 0 10 3 0] 576982 4754721
Cloudcp-2 0 20 3 0] 577021 475433}
Coudcp-3 0 20 3 0] 577026 475424
Cloudcp-4 0 10 3 0] 576952 475385
Eagle 1 22 30 3| 0.244444440569714 4751804
Eagle Re 25 14 3] 0.59523809p569619 4751834
Eagle 3 7] 25 4 0.01 569797 4751771
EPHNTM 1 0 10 3 0] 576243 4752354
NEDGE 0 12 3 0] 568381 4752954
PHTM-1 0 10 1 0] 574224 4751064
PHTM-2 0 10 1 0] 574122 4750874
S Skell Pd 1 15 2| 0.03333333B568227 4753454
SK SP-1 0 30 2 0] 568190 4754004
SK SP-2 0 30 2 0] 568199 475418
SK SP-3 0 30 2 0] 568229 4754244
SK SP-4 0 30 2 0] 568252 475439(
SKELL 1 0 12 3 0] 56819¢ 475383
SKELL 2 0 25 3 0] 568214 4753644
SKELL SP48 0 10 2 01 568194 4754134
SK SP-5 0 25 2 0] 568424 4754664
SK SP-6 0 15 2 0] 568633 475575}
Snowcave 0 10 3 0] 572978 4750711
Steel E 0 15 3 0] 572504 4758644
Steel W 0 15 3 0] 572219 475866¢
Wizard Is 0 8| 3 0] 569298 4753894
Eagle 4 5 23 3] 0.07246376p568816¢ 475235]
Eagle 5 0 30 2 0] 568304 4753174
Eagle 6 2 10 4 0.0 569469 4751891
Eagle 7 14 15 4] 0.23333333B569033 475217
Eagle 8 2 23 41 0.0217391p568816 4752351
Eagle 9 1 13 41 0.01923076p56868% 4752511
Eagle 10 1 17 41 0.01470588p568493 475278
Eagle 11 0 20 2 0] 568304 4753174




A-2 (Length and Weight Measurements)

Sample Number |Snout-Vent Length (mnm)Snout-Tail Length (mnjWWeight (g

150728-1 56 105 3.4
150728-2 51 12Q 4.1
150728-3 51 1085 3.2
150728-4 55 11d@ 4.2
150728-5 54 107 4.4
150728-6 50 103 3.5
150728-7 58 111 4.7
150728-8 53 102 4.2
150728-9 60 121 5
150728-10 54 1127 4.7
150728-11 49 102 3.7
150728-12 51 102 3.5
150728-13 59 117 4
150728-14 47 81 2.4
150728-15 als 92 3
150728-16 55 105 4
150728-17 51 105 3.7
150728-18 54] 101 3.6
150728-19 61 114 4.9
150728-20 57 106 4.2
150728-21 55 115 3.5
150728-22 43 85 2.4
150729-1 47 88 2.6
150729-2 53 o4 3
150729-3 46 84 3
150729-4 a4 78 1.9
150729-5 57 o8 3.9
150729-6 48 87 2.4
150729-7 43 88 2.2
150729-8 47 84 2.5
150729-9 54] 99 2.7
150729-10 58 113 4.6
150729-11 50 93 3.3
150729-12 47 88 2.7
150729-13 52 93 3.2
150729-14 51 92 2.3
150729-15 52 95 3
150729-16 54 96 2.9
150729-17 45 849 1.6
150729-18 59 104 3.6
150729-19 53 95 2.9
150729-20 46 84 2.1
150729-21 52 o4 2.5
150729-22 55 101 2.7
150729-23 als o4 3.1
150729-24 47 76 2.7
Mean 51.7391304B 98.4 3.297826

Standard Deviationf 4.81402941fy 11.0890336p 0.84577]




A-3 (Written Notes)
















