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1. INTRODUCTION

The work described herein for the Wood Frog Occupancy and Habitat Use Study (Wood Frog
Study, fo short) was conducted according to Section 10.18 of the Revised Study Plan (RSP)
approved by the Federal Energy Regulatory Commission (FERC or Commission) for the
Susitn@dWatana Hydroelectric Project, FERC Project No. 14241. The Wood Frog Study focused
on auditory surveys ofcalling male wood frogs Rana [Lithobate$ sylvaticg, including
deployment of acoustic monitorgluring the spring breeding seasamd on habitat occupancy
modeling using the results of those surveys

A summary of the development 6fhi s st udy, together with the
(AEA) implementation of the study through the 2013 study season, was presented in the Initial
Study Report (ISR) that was filed with FERC in June 2014 (ABR 2014a, 2014b, 2014c). As
required under FERCs r egul ati ons for the I ntegrated Lic
AEAGs ndAoverall progress in implementing the :
including an explanation of any vari @xl).e from

Since filing the ISR in June 2014, AEA has continued to implement the FpRfved plan for
the Frog Study. For example:

1 A second year of auditory surveys and acoustic monitoring of calling male wood frogs
was conducted in spring 201#llowedby habitat occupancy modeling

1 On October 21, 2014, AEA held an ISR meeting for tr@oWFrogStudy and the other
studies in the wildlife program.

I n furtherance of 't he nex tStudydlamDetermihatiofBIR meet i
expected in 201&his report contains a comprehensive discussion of results of the Frog Study
from the beginning of AEAO6s study program in
describes the methods and results of the Frog Study and explains how the studyeskgettiv

forth in the FERGapproved Study Plan have been met. Accordingly, with this report, AEA has

now completed all field work, data collection, data analysis, and reporting for this study.

2. STUDY OBJECTIVES

The goal of the Wood Frog Study is to charazgethe use of thBroject aeaby breeding wood
frogs to facilitate an assessment of potential impacts on wood frogs from development of the
proposed Project.

The study has four objectives, as outline®BPSection 10.18.1:

1 Review existing data on hahituse and distribution of breeding wood frogs in a broad
region surrounding thstudy area

1 Estimate the current occupancy rate for breeding wood frogs in suitable habitats in the
study area through a combination of field surveys and halgtatpancymodeling.

Susitnal Watana Hydroelectric Project Alaska Energy Authority
FERC Project No. 14241 Page 5 October 2015
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1 Collectinformation on current habitat occupancy and habitat usedbleestimaion of
the habitat loss and alteration expected to occur from development of the Project.

1 Sample frogs opportunistically for the presence of the chytrid fungubkdkdieen linked
to amphibian population declines. (At the request of state and federal management
agencies, AEA agreed to sample for the chytrid fungus to opportunistically take
advantage of planned fieldwork and thereby provide some baseline inforroatithe
potentialoccurrence of the fungus in teudyarea before development.)

3. STUDY AREA

As established by RSP Section 10.18.1,stuely area includkthose water bodies and suitable
wetland habitats in the proposed Project area in which habitat Habgiat alteration, and
disturbance could potentially occur. The study area encontptsseeservoir inundation zone,
associated areas for the dam and camp infrastructure, and the potentiakr@atessridors
(Gold Creek, Chulitna, and Denali corridp@nd material sitesF{gures 3-1 and 32). Field
sampling in 2013vasfocused on the reservoir zone, dam and camp area, Chdétmidor, and

a small portion of the Denatorridor (ABR 2014a) In 2014, field sampling was focused on the
Gold Creelkcorridor andon theDenali West and Denali East corridmtions (ABR 2014c)

3.1. Study Area Variance

As described in Section 1.4 of the I1&Rerview when the ISR was filed, AEA explained that it

had decided to pursue the study of an additional alternative nartirésdented corridor

alignment for transmission and access from the Denali Highway to the proposed dam site.
Referred to the fADenal. East Option, o0 this ar
2014 (Figure 2). The Denali Corridor surveyed in 28 and reported on in the ISR and in 2013

figures and tables in this report is essentially equivalent to the Denali West Corridor surveyed in
2014.

In addition, Section 1.4 of the ISR noted that AEA was considering the possibility of eliminating
the Chuliha Corridor from further study, so no surveys were conducted in that corridor in 2014
for the Wood Frog Study. In September 2014, AEA filed with FERC a formal proposal to
implement this change. Thus, this report reflects a change in the study areargarariolude

the Chulitna Corridor (Figure-3). Removalof the Chulitna Corridor resulted in minor changes

to the2014 study area buffer around tl@&old CreekCorridor. Although the Chulitna Corridor

was dropped from further study in 2014, lakes within the Chulitna Corridor that were surveyed
for the APA Project in the 1980s were surveyed again in 2014 and those data are included herein
for comparativepurposes.

4. METHODS AND VARIANCES

The methods for eh of thecomponents of th&/ood Frog Study are presented in this section.

Susitnal Watana Hydroelectric Project Alaska Energy Authority
FERC Project No. 14241 Page 6 October 2015
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4.1. Auditory Field Surveys

AEA implemented the methods describedhe Study PlafRSP Section 10.18.4.1)with the
exception of the variances explained below (Section 4ahd)prevously in Section 4.1 of ISR
10.18 Part A (ABR 2014a)

As indicated in the Study Planetause the study area is large and the calling period of breeding
male frogs is short, this study did not involve a comprehensive survey of all potential frog
breedinghabitat present in the study area. Instead, observers surveyed for frogs in suitable
habitats that were stratified into two habitat types (water bodies and wetlahds3tudy team
used a Geographic Information System (GIS) to compile the full list odifdessampling
locations (48in 2013and221in 2014 by reviewing available information from existiftglS

data layergNational Hydrography Dataset [NH@Rhd National Wetlands InventofWI]) and

by conducting additional interpretation of aerial imageryportions of the study area for which
recent imagery was availabl&he study teanselected suitabléndividual water body and
wetland habitats foauditory samplingoy (1) identifying area with emergent vegetation; (2)
removing shoreline wetland polygons adjacent to water bodies (and just including the water
bodies); (3) removing locations within 2&0©of another stiable location{4) includingsampling
locations onCook Inlet Region Workg Group CIRWG) landsin 2014 for which accessvas

not permitedin 2013 and (5) including higtelevationareasn 2014 that werérozen during the
field-samplingperiod in 2013Next, the study teamselected sampling locations20in 2013and

131in 2014 by stratifying equally byarea @ccess roadr dam/camp ai@reservoir zone [2013
only]) and then randomly selectirapproximately qual numbersof each habitat typewater

body, wetland)within eacharea In 2014,sampling locations were stratifidy access corridor
(Gold Creek or Denali), except that availablewater bodies an@vetlands m the Denali East

and West access corridaptiors were selectedhecauseelatively few were availablein those
corridors The study teamncluded the remaining location28 in 2013 and 90 in 2014 as
alternative sampling locations, if needed.

The study teanconducted grountiased auditory surveys of the randomly selected water bodies
and wetlands in the study arearing the early spring breeding season for wood frdgs,
accepted survey time for this species (Gotthardt 2004; PLP .2Béfgre the surveys began,
observers trained by listening to digital audio files of the breeding calls of male woodUJpgs.

to three reficate surveys were made by trained observers at each watepbuaailand during

May 30'June 8, 2013, and May 229, 2014 In addition to these surveys, incidental detections
of wood frogs were documented during data collection efforts for other s{utkésly ground
based bird surveys), which provided additional information on the occurrence of frogs in the
study areaThe study teameached thaurvey sites by helicopter atitenon foot by navigating

to predetermined sample sites using hhall Globd Positioning System (GPS) receivers. The
field observerdistened for calling frogsduring 5-min samplingperiods along the margins of
each water body or wetland sampledd&ierminewheter or not frogs were callingAt small
water bodies and wetlandssimgle observation point was sufficient to deteaiting frogs but

for large water bodies and wetlands, multiple observation points were needscetowhether

frogs were calling Up to four observation points were located and sampled for large water
bodies and wetlands, with distances of up to 500 m (1,64@ifty designatedetweenadjacent
samplingpoints to achieve adequate survey coverage.

Susitnal Watana Hydroelectric Project Alaska Energy Authority
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Due to variability in the calling frequency of male wood frogs even during the peak of the
breeding seasofPLP 2011),at leasttwo, and occasionally threejsits were needed to detect
frogs at some water bodies. The secamdthird surveys at each site ere conducted by a
different observer who generally did not have knowledge of the survey results frdirsthe
survey.Because this study involved the wuse of a
however,additional surveys werenot neededlf frogs weredetected on the first survey (i.e., that

site was removed from further sampling; Mackenzie and R2§05). Surveys were conducted
only under favorable weather conditions (e.g., light rain or no rain, air temperature higher than 4°
C [39° F], and wind spee@5 kph [15 mph]). Observers spent a minimum of 5 min at each
survey location listening for callgn frogs, but terminated the surveponerif frogs were
detected.

Habitat and environmental characteristics (size and depth of water body or wetland, substrate,
presence and type of emergent aquatic vegetation, water quobétacteristicgpH level,
disolved oxygen,specific electrical conductivit(EC)], ice cover, surrounding terrestrial
vegetation, water and air temperature, precipitation, cloud cover, wind speed, time of day, beaver
activity) were recorded during the field surveys digein the devieopment of a Projeespecific

model to estimateccupancy based on the habitat characteristics of the occupied water bodies or
wetlands.

41.1. Variances

The Study Plan(RSP Section 10.18.4.proposed thathe potential water bodies and wetland
habitatsto be ssmpledwould be identified from interpretation of aerial photos or rersetesing
imagery and from the preliminary mapping of vegetation, wildlife habitats, and wetlands. From
that set of water bodies and wetlands, habitats were to be categorized aséaaugingor low
probability of supporting breeding frogs (based on likelihood of supporting fish and presence of
emergent vegetation). Lastly, tBéudy Plamproposed to select 10 sampling regions, two in each

of the threepotentialaccessoad corridors ath four in the reservoir zone and dam and camp
facilities area. In each sampling region, 12 potential water bodies or wetlands were to be selected
through a stratified random process.

Sever al factors af f e cimplanentthe samghg apgrgachtdeseribedls a b i
in the Study Plan (1) currentmapping of vegetation and wildlife habitats wast yet available
before the2013 and 2014 field seasos began; (2) existing wetland information (e.g., NWI
mapping) did not cover the entire study ared dasnot of sufficient accuracy and resolution for

the study (3) data were not availabtegarding theoresence of fisin water bodies and wetlands
before field surveys begaand @) permission for access @WRWG lands was not granted

2013 precluding sampling in most of the Gold Cré&&kridor and parts of the Chulitr@@orridor

and the western portion of the reservoir zone in 20TBerefore,the study teandevised an
alternative approach to selecting sampling locatid29 in 2013 and 113in 2014)that still
incorporated random selection of suitable sampling,sateslescribed in Section 4.1 aboVais
selection process fulfilled the original intent of the study plan to select sampling locations in a
random manner throughout the studgaa

In addition, the Study Plan(RSP Section 10.18.4.included the distribution of field survey
timeseach daywhich were originally planned for the period from approximatetlpQf 2200

Susitnal Watana Hydroelectric Project Alaska Energy Authority
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but were conducted from approximated@:00 to 2000 (2013) ad 09:30 to 1930 (2014)
instead due to logistical challenge3he data from acoustic monitors showed thatsampling
times were appropriate for the study, adescribed below in Section 5Bhe acoustic monitors
provided excellent results for evalurgg the times of day when frogs were calling.

As explained above,hé applicable study objectives were achieved with these modified
approaches.

4.2. Occupancy Modeling and Habitat Associations

AEA implemented the methods described in the Study HRSP Section 10.18.4.1)vith no
variances, as described previously in Section 4.2 of ISR 10.18 Part A (ABR 2014a)

Because frogs were not always detected duringrbsampling sessions when they were present,

the study team used occupancy modeling to adjustobserved occupancy rates for non
detections (Mackenzie et al. 2002). Occupancy modeling uses resurveys of the same locations to
estimate a detection rate (p) and then uses the estimated detection rate to calculate an adjusted
occupancy ratTlkre ecshbhsenmaved (Qhnapved) occupancy
wetlands was adjusted to account for those frogs present but not detected, thereby producing a
corrected occupancy rate for the water bodies and wetlands in this study.

Occupancy modeling Iso allows the user to compare various models with different
specifications of detectability and occupancy parameidrs.study team used a removal design
in which locations were not revisited after frogs were detect=ijlting inlimited statistical
power to estimate detectabilitgarametersit was assumed therefore,that detectability was
constant for all surveyis 2013 In 2014 the study teartested two model types for detectability
one assumed that detectability was constémt all surveys andthe otherassumedthat
detectability diffeed betweercorridors (Denali and Gold Creek}he latter was added to the
analysis because of the large differences observed in seasonal phenology between the Gold
Creek and Denali corridors in 201%he study tea comparedour covariates for occupancy

(1) area (dartamp area plusreservoir zone vs. accesgoad corridors) in 2013r corridor
(Denalivs. Gold Creek)n 2014 (2) water typg(wetland or water body)3) water depth@L.5 m

[4.9 ft] or >1.5 m) and (4) percent of hibernation habitat (visual estimate of the percent of
herbaceous cover, low shrubs, and tall shrubs within 50 m of the shoraliea)was included

in 2013 because the sample was stratified by aweaereascorridor was includedin 2014
because the sample was stratified diyrridor and the corridors had different elevatranges.

The other three covariates were chosen because they were expectedetonostbiologically
important based on field observations and the results of othelestidith the available sample
size,the analyses would only support a limited number of covariates.

The study team tested all possible combinations of tFmseoccupancycovariates (without
interactions), including an intercephly model, and with two detectability modelsn 2014

(constant and corridagryesulting ina total of 16 different models for th013 resultsand 32

different models for the2014 results Model calculations wereonductedwith a desktop
computer using the singlkeason analysiformat and custom modelilding featurs of the

software program PRESENCHines 2006)

Susitnal Watana Hydroelectric Project Alaska Energy Authority
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The different models for each yearwere compared using informatidheoretic methods

(Burnham and Anderson 2002). For each model, the study team -calculatetkatke

Information Criterion corrected for small sample sizes (AJ@d)ich compares model fit and

penalizes models for the number of parameters to determine the most parsimonious model (the
best fit with the fewest number of parametef$)e number of dferent locations was used as the

effective sample siz&Ehe Al Cc values were used to calcul a
the probability that each model is the best model in the candidate set (Burnham and Anderson
2002).

42.1. Variances

No variance$rom the methods described in the Study Riemeimplementedn 2013 or2014.

4.3. Acoustic Monitoring

AEA implemented the methods described in the Study R&ettion 10.18.4.1with no
variances.

The study teamused Wildlife Acoustics Song Meter SM2BAT+ platfamvith SMX-II
microphone to record frog calls mto 32GB (Class 4 SDHC) data cards. The monitors were
internally powered with rechargeabl®@-cell batteries Imedion 9,500 mAh Five acoustic
monitors were deployea tincrease accuracy in calculajithedetectability of calling frogsThe
monitors were deployedt a subset of water bodiaad wetland®n state federal and, in 2014
only, onCIRWG landsknown to be occupied by frog&lthoughthe monitorsvere programmed

to record fullspectrum audio recarths for the first 30 min of each hour around the clabk,
study teamanalyzed onlythe first 10 min of each houAnalytical results indicated that this
subsamphg adequatelyxharacterized thealling activity within the hour

In 2013 he study teamsed the proportion of-Bin periods with frogs calling as an independent
estimate othe ability to detect frogs at a given locatiassuminghat frogs were preseribue

to battery failures for several monitors in 2014, howevexag not possible tderive a similar
estimatefor that yearbecause of the small sample sipégained The validity of this estimate
relies on severassumptions:(1) individual observers were able to detect foglling at least as
well aswerethe acoustic monitorg2) the presence of observers did not lower the probability of
frogs vocalizing; and3) the locations chosen for acoustic monitoring were representative of all
locationsat whichfrogswerepresent. For each location surveydé study teandetermined the
hour of the dayin which the visit occurred and callated the proportion of-fin periodsin
which frog calls were heard on acoustic monitors during that hdhe study teanthen
calculated the mean of all these proportions for each visit as a secomkndeet estimate of
detectability.

4.3.1. Variances

No variancegrom the methods described in the Study Rlane implementeth 2013 0r2014.

Susitnal Watana Hydroelectric Project Alaska Energy Authority
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4.4. Chytrid Fungus Bioassay

Sampling and laboratory assay methods for the chywmgus (Bd) were identified through
consultation with U.S. Fish and Wildlife Service (USFWS) representatives in Alaska, who
recommended that Tara Chestnut, an expert with the U.S. Geological Survey (USGS) in
Portland, Oregon, be contacted for sampling protocols (Appendix A). Biologists fresie

nitrile gloves and sprayed boots with a d€rcentbleach solution at each sampling location to
prevent potential contamination among sites.

The study teansaptured seven frogs in 2013 by hand opportunistically and swabbed the skin of
the abdomen, imer thighs, and undersides of foot webbing for a total of 25 times with a sterile
cotton swab, after which the frog was released unharmed. Swabs were placed in tubes that were
refrigerated until all seven samples were shipped on dry ice to the USGS Mliogybi
laboratory in Reston, Virginia. The lab analyzed the samples using a quantitative polymerase
chain reaction (QPCR) technique to test for the presengd foingus.

Samplingfor the chytridfungus(Bd) was not conducted in 2014 (sgection4.4.1).
44.1. Variances
No variances from the methods described in the Studywites implemented 2013.

Because of the small sample size obtained in 20%£37(), opportunistic capture and swabbing of
adult frogs to sample for the presence of amphibian chytrid fuiiRfdB Section 10.18.4.2) was
dropped from the field effort in 2014, as was discussed and agreed to in the technical meeting on
March 6, 2014 (see meeting notes heréttp://www.susithawatanahydro.org/wp
content/uploads/2014/03/2008-06TT_Wildlife_MeetingNotes.pdfand was discussedurther

with USGS 6ee AppendiA in ISR 10.18 Part A Dropping the opportunistic sampling of frogs

for the pesence oBdin 2014 was a study plan modification described in Section 7.1.2 of ISR
10.18 Part C (ABR 2014c); the study plan objective to sample frogs opportunistically was
fulfilled in 2013.

5. RESULTS

Cumulative @ta developed in support of the Stu@pmpletion Report for 2013 2014 are
available for download dittp://gis.suhydro.org/SIR/1Wildlife/10.18Wood Frogs/

FROG_10 18 2013 2014 _ABR.gBROG_2013_ 2014 AcousticMonitors
FROG_10_18 2013 _2014_ABR.gHROG_2013_2014 IncidentalObs
FROG_10_18 2013 2014 ABR.g8ROG_2013_ 2014 SamplingSites
FROG 10 18 2013 2014 ABR.gBROG_2013_StudyArea
FROG_10_18 2013 2014 ABR.g#ROG_2014 Actual_Field_StudyArea
FROG_10 18 Acoustic_Monitoring013 2014 ABR.xlIsx

= =4 =4 -8 8 19
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5.1. Auditory Field Surveys
5.1.1. 2013 Sampling

As described irsection 5.1 ofSR 10.18 Part A(ABR 2014a}he study team surveyed a total of

90 different wetlands and water bodies for the presence of wood ifrd313 (Table 5.11,

Figure 5.11). Additional water bodies and wetlands £ 17) were visited but were excluded

from the analyses for various reasons (e.g., water still frozen or insufficient water depth). Frogs
were detected at 37 of the 90 locations (41.1 percent) on the first \abie(®.12) including 35
locations where frogs were heard calling and two locations where frogs were not heard but egg
masses were found. The latter two locations were treated adetertions in occupancy
modeling howeverbecause frogs were not detettesing the normal survey method. The study
team conducted a second survey visit at 50 of the 53 locations where frogs were not detected on
the first visit, producing detections at 8 more locations (16.0 percent). A third visit was
conducted at five of thd2 sites where frogs were not detected on the first and second visits,
producing detections at two more locations (40.9 percent). Overall, frogs were heard or egg
masses were observed at 47 (52.2 percent) of the 90 locations sahatlledS( 12, Figure5.1-

1). Therefore, the naive estimate of frog occupancy (assuming 100 percent detectability) was
52.2 percent.

5.1.2. 2014 Sampling

The study team surveyed a total bd4 different wetlands and water bodies for the presence of
wood frogsin 2014 (Table 5.13, Figure 5.12). Additional water bodies and wetlanfis= 31)

were visited but were excluded from the analyses for various reasons (e.g., water still frozen or
insufficient water depth). Frogs were detected at 14 of the 104 locations (13.5 percent) on the
first visit (Table 5.14). The study team conducted a second survey visit at the 90 locations where
frogs were not detected on the first visit, producing detections at 7 more locations (7.8 percent).
A third visit was conducted at three of the 83 sites whexgsfwere not detected on the first and
second visits, with no additional detections. Overall, frogs were heard or egg masses were
observed at 21 (20.2 percent) of the 1@dations sampled (Table 541 Figure 5.12).
Therefore, the naive estimate of frogcupancy (assuming 100 percent detectability) was 20.2
percentacross all locations sample

5.2. Occupancy Modeling and Habitat Associations
5.2.1.  Occupancy Modeling
5.2.1.1. 2013 Sampling

The best model of frog occupancy contained only one variable: water depth. Based on the
Akaike weight, this model had a 31.9 percent chance of being the best model in the candidate set
(Table 5.15). The next three competing models contained water demthoae of the other
variables butin all cases, the 95 percent confidence interval (Gor)the other variable
contained zero, suggestitigat variablesother than water deptidded little to the modeAfter

water depth was included, no statistical evidewas found to indicatéhat occupancy rates
varied by area, by watdrodytype, or with increasing hibernation habitat.
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The estimated detectability from the best model was 60.6 percent (95 percent C8.81.8%4
percent; Table 5:2). The model results indicated that, if frogs were present in a pond, the study
team would, on average, detect them 60.6 percent of the time with one visit, 84.5 percent of the
time with two visits, and 93.9 percent of the timi¢h three visits.

The estimated occupancy for shallewater habitats was 36.8 percent (95 percent C.I. =120.8
56.5 percent) and the estimated occupancy for-deder habitats was 81.8 percent (95 percent

C.l. = 44.496.2 percent; Table 5P). As wouldbe expected, these estimates were slightly
higher than the naive estimates of 31.0 percent and 70.8 percent, respectively. The sample
included 42 shallovwvater habitats (46.7 percent) and 48 degper habitats (53.3 percent).
Assuming that this ratio isepresentative of the entire areampledin 2013 the overall
occupancy estimatgas 63.4 percent (Table 51).

5.2.1.2. 2014 Sampling

The best model of frog occupancy contained only one occupancy varmatity depthsimilar

to 2013) and one detectability vaile (corrido® Gold CreekCorridor or Denali Corridor
optiong. Based on the Akaike weight, this model had a 16.5 percent chance of being the best
model in the candidate set (Table -6)1 The secondbest model which contained the same
variables plus hib@ation habitat asreoccupancy variablehad a 13.Gercentchance of being

the best model in the candidate sBte confidence interval for hibernation habitat contained
zerqg however, suggesting thidie variable added little to the modd&lhe thirdbest modelwhich
included water depth and corridor as occupancy variables fandvhich detectability was
constant across all sitdsad a 13ercentchance of being the best model in the candidate set.

The first secondand thirdbestmodelsall included depth and corridor as variab)dsut the first
and secondnodek assumd that detectability differe between corrida and occupancy was the
same whereas the third model assuntbdt detectability was the same between corridors and
occupancy differé (Tables 5.2, 5.2-3). Because lte two groups ofmodek gave different
occupancy estimateone estimatefrom each group(best modeland third-best model)is
presentedo acknowledgéehis differencan interpretation(Tables 5.2, 5.2-3).

The estimated detectability from the best modet, which detectability differed between
corridors, was 56.6 percent (95 percent C.I. =71903 percent; Table 5:2) in the Gold Creek
Corridor. This model indicated that, if frogs were pressrda samping sitein the Gold Creek
Corridor, the study team would, on average, detect them 56.6 percent of the time with one visit,
81.2 percent of the time with two visits, and 91.8 percent of the time with three insits.
contrast, dtectability was estimated be just 16.@ercent(95 percent C.I. = 5i%8.7 percent;

Table 5.22) in the Denalicorridors (West and East options combinedihe model indicated that,

if frogs were preserdta sampling siten the Denalicorridors, the study team would, on average,
detect them 16.0 percent of the time with one visit, 29.4 percent of the time with two visits, and
40.7 percent of the time with three visits.

The estimated detectability from théird-best model with constant detectabilityn both
corridors was54.6percent (95 percent C.1.22.6 83.2percent; Table 5:3). The model results
indicated that, if frogs were presaita sampling sitehe study team would, on average, detect
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them54.6 percent of the time with one visit9.4 percent of the time with two visits, a®d.6
percent of the time with three visits.

Based on he results of the best modelith different detectability between corridorg)et
estimated occupancy for shalloemater habitats wa47.9 percent (95 percent C.= 5.943.1
percent) and the estimated occupancy for deafer habitats wagl.9percent (95 percent C.I. =
19.2 96.5 percent; Table 5:2). As would be expected, these estimates were higher than the
naive estimates @.6 percent an®4.7 percent, resgctively. The sample includesB shallow

water habitats55.8 percent) andl6é deepwater habitats44.2 percent). Assuming that this ratio

is representative of the entire aszanpled in 2014the overall occupancy estimdiased on the
best modelwas 39.3percent (Table 5:2).

Based on the results of the thivdst model, with constant detectability between corridors, the
estimated occupancy for shallemater habitats was 21.5 percent (95 percent C.l. £49.5
percent) in the Gold Creek Corridor an® fercent (95 percent C.l. =41 16.2 percent) in the
Denalicorridors. The estimated occupancy for deepter habitats wa88.2 percent (95 percent
C.l. =32.590.5percent; Table 5:3) for the Gold Creek Corridor and 28.7 percent (95 percent
C.l. = 12.054.3 percent) in the Denalorridors. The sample included 21 shallemater habitats
(55.3 percent) and 17 deemter habitats (44.7 percent) in the Gold Creek Corridor and 37
shallowwater habitats (56.1 percent) and 29 deeter habitats (43.9 percent) in the Denali
corridors. Assuming that these ratios are representative of the entiaeof both the Gold Creek
and Denalicorridors, the overall occupancy estimates based orhilstbest model is 40.8
percent in the Gold Creek Corridor and 11.3 percent in the Demaltiors (Table 5.23).

5.2.2. Habitat Associations
5.2.2.1. 2013 Sampling

Occupancy modeling was the primary tool to assess habitat associations with breeding male
wood frogs and watedepth was the most important habitat variable. Frogs were detected at a
total of 13 of 42 (31.0 percent) locations with shallow wabgrg m) and 34 of 48 (70.8 percent)
locations with deep water (>1.5 m). The remaining habitat variables were summiyized
locations where wood frogs were detected, not detected, and across all sampling locations (Table
5.2-4). The only othewariable that exhibited aignificart associatiorwas dissolved oxygen
(mg/L), with lower levels being found where frogere detecte (Table 5.24).

5.2.2.2. 2014 Sampling

Occupancy modeling was the primary tool to assess habitat associations with breeding male
wood frogs and water depth was the most important habitat varele 2013 Frogs were
detected at a total of 5 of 58 (8.6 percdatations with shallow wateiQl.5 m) and 16 of 46

(34.8 percent) locations with deep water (>1.5 m). The remaining habitat variables were
summarized by locations where wood frogs were detected, not detected, and across all sampling
locations (Table 5:5). The only other associatisrof significance were watdrody type (more

frogs detected at small ponds with emergent vegetétiam other watebody type¥, dissolved

oxygen (higher levelswere found where frogs were detectedhich was the oppositef the

pattern observed in 20L3andspecific EC (lower levelsverefound where frogs were detected;
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Table 5.25). Although substrate type and emergent vegetation type did not exhibit statistically
significant differences in wood frog presenBex0.05), alnost all detections were in areas with
emergnt sedges (90.percen)t and all detections were in areas with organic substrates (Table
5.2-5).

5.3. Acoustic Monitoring

5.3.1. 2013 Sampling

Acoustic recordings from the five monitors provided a sample of 2,dfh5ntevals that were

used to quantify when frogs were heard calling. Calling activity varied by date and time of day
(Figure 5.31). The results demonstrated that the surveys weretiwat to capture the peak of
calling activity in the study area; frogs weralimg when the acoustic monitors were deployed
on May 31 and calling activitwasdeclinng by the end of the survey period on Jé@-igure
5.3-1[top]). A very strong diurnal pattern of calling activity was evident. Calling activity peaked
near 0100, then activity dropping dramaticallp a low early in the morning (0B0) and
increased throughout the remainder of the dagure 5.31 [bottom).

Based on the timspecific results from the acoustic monitors, the site visits should have had a
detecability of 60.8 percent, which was essentially identical to the estimate of 60.6 percent from
the occupancy modeling. This concurrence provides additional evidence that the occupancy
modeling provided a reasonable estimate of detectability and indibatesctupancy rates were
adjusted appropriately.

5.3.2. 2014 Sampling

Acoustic recordings fronthe five monitorsprovided a sample of 442min intervals that were
used to quantify whefrogs were heardalling. Unfortunately, bur monitors experienced battery
malfunctions during most of the sampling periedbstantiallyreducing the overall sample size
in 2014 As in 2013, alling activity varied by dateandtime of day(Figure 5.3-2). Although the
data on seasonal changes afling rates were sparse, e results demonstrated the surveys
were welttimed to capture the peak of calling activity in the study;dregs were callingvhen
the acoustic monitoraere deployed on May 28ndcalling activity declingl by the end ofthe
suvey period on May 2 (Figure 5.3-2 [top]). As in 2013, astrong diurnal pattern of calling
activity was evidentwith the lowest ratesf calling occurringin the morning (6:00i 10:00;
Figure 5.32 [bottom]) whenair temperaturesvere low (Figure 5.3-3), followed byincreasing
calling ratesduring the late morning and early afternoonFigure 5.32 [bottom]) as air
temperatures increased (Figure-8)3Because of the small sample size of recordings obtained
in 2014, theacoustic monitoringesultswere not used to calculatetectability.

5.4. Chytrid Fungus Bioassay

Swab samplescollectedfrom seven frogsaptured opportunisticallin 2013 were sent to the
USGS Reston Molecular and Environmental Microbiology Laboratory in ResioginM, and
tested fo the presence of chytridiomycosiBd) using standard gPCR protocols (Boyle et al.
2004). All seven samples tested negativeBiirNo samplesverecollectedin 2014 geeSection
4.4.7).
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6. DISCUSSION

Amphibian populations appear to have been decliniogdwide for several decades (Blaustein
and Wake 1990; McCallum 2007gading to elevated levels of concern about the conservation
status of a large number of amphibian speciethodigh populationgppear tobe healthy in
Alaska (Gotthardt 2004, 2005goncern has been expressed about the conservation status of
wood frogs in Alaska (ADF&G 2006Because mphibians were not included in the original
Alaska Power Authority Susitna Hydroelectric ProjéétPA Project) environmentalstudy
program in the 1980&formationon the occurrence of wood frogs in the upper Susitna drainage
was lacking andheir statusn thestudyareawas unknownrat the time this study began.

6.1. Distribution and Habitat Use

A review of the literature shows thatoad frogsare widely distributedhroughoutnorthern
North America andhat,in Alaska they occur fromSoutheast Alaska throughoedntral Alaska
to the crest of the Brooks Range (MacDonald 2010). Closer tettioky area they havebeen
documented in Denali Natial Park and Preserve, near Healy, and in the lower Sus@ireage
(Cook and MacDonald 2003; Anders?d04;Gotthardt 2004, 200F4okit and Brown 2006

Wood frogs were widely distriied throughout the areas sample®@i3and throughout the
Gold CreekCorridor in 2014.The distribution of frogs atigher elevation sites in thBenali
East and Westorridoroptiors was moredispersedhowever. Wood frogs may be reaching their
elevatioral limits in this region because of tlienited time available for breedinghe highest
potential samplingites(approximately 9001,100 m [2,9583,609 ff above sea levglwvere still
coveredby snow and ice durinthe 2014survey periodandthus werainavailable for sampling

Wood frogs occued in a variety of habitatsampled in 201&nd 2014 rangingfrom alpine
tundra to forested wetlandsee photographs in Appendix.B)ood frogs are known to inhabit
diverse vegetatiosommunities in Alaskancluding tundra, open forests, grassy meadows, and
muskeg (MacDonald 2010Not surprisingly the habitat associationsf wood frogs are diverse
soa summary oknown habitat associatioms presented beloand relatd to thefindings of this
studyandother similar studies

Waterbody types in thestudy arearangedfrom those havingadequate water to sample, but
insufficient waterdepthto allow frog larvae to metamorphose (i.e., the poodsvetlandsvould
dry out too earlyin the seasonto deepwater lakesMore frogs were detected at small ponds
with emergent vegetation thaat other wateibody typesin 2014 likely because emergent
vegetation is important for the attachment of egg mg$§saace 1997)

Water depth was the most importdrbitat factor analyzedin this studyin 2013 and 2014
which was consistent with thresultsof a similar study in southwestern Alaska,which water

depth was an iportant habitat factor (PLP 2011). In both studiggalling male frogs were
detected more frequdy in habitatsvherewaterwas deeper thah.5 m.

Water depth may benportant because deepeater bodiesetain water andften maintainrmore
consistent watequality characteristics during the egg and larval growth stages (Knapp et al.
2003).In Denali National ParkHokit and Brown (2006jound that wood frogs had theghest
breeding activitydefined as eggs or larvae)sites with 51 to 7percentf the site <50 cm (1.6

ft) deep but with a maximum depth of 1 to 2 m (3.3 to 6.6 Etfferences in sampling methods,
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sampling times, and characterization of water body depths, however dmnedétecomparisorf

their resultswith this study difficult. Water depth may be one of many factors influencing where
wood frogs choose to bregaidging flom thefindings of Herreid and Kinney (1966)n which

96 percenbf wood frog eggs and larvae died before reaching metamorphosis because of lack of
fertilization, freezing, desicaain of eggstemperatureelated abnormalities, and predation.

Hibernation habitathlerbaceous, low shrubnd tall shrub vegetation within a-B® radius of the
shoreline)was not associated with frog detectability in this stud2013 or 2014in contrast to

the results reported by PLP (201i) which wood frog ocapancy increased as surrounding
hibernaion habitat increasedncreased availability of vegetation that provides suitable habitat
for hibernatiorwithin 50 m of breeding pondaaybe animportantfactorinfluencing occupancy

of water bodiesn some areaslthoughseasonamovement®f wood frogs up t&00 m or more

away from breedingpondshave been documentaa Maine (Vasconcelos and Calhoun 2004,
Baldwin et al. 2006 The PLP (2011) study was conducted in a tundra area with much less tree
cover than irthis study area. Differences in habitat occupancy and vegetative cover may help to
explain this difference between studies.

Emergent and aquatic vegetation in water bodies provides a substrate for frogssgs and
escape cover from aquatic predataswell as helping to increase dissolved oxygen in the water
(France 1997; Babbitt and Tanner 1998)hough the extent of reergent vegetatiodid not
differ significantly between ponds with and without frog detew (P = 0.10 in 2014 frogs
were neveretected atocations withoutemergent vegetation and werearly alwaysdetected
(90.5 percent at locations withemergentsedgs. Dissolvedoxygen levels(8.53 mg/L) were
similar between sites occupied atisenot occupied by frogsn 2013 whereas 2014 they
were higher at occupied (8.63 mg/L) vs. unoccupied (7.28 mg/L) Siteslevels in this study
were similar to thoseobserved in a study in Southeast Alaska (approximately 9.0 mg/L;
Carstensen et al. 2008hdwerewithin the range ofmeanvalues fromnew (4.9 mg/L) and old
(10.5 mg/L)beaver ponds in Alberta (Stevens et al. 20b&yeased concentrations aésblved
oxygen were thought todbe importantin the latter study beose they were correlated with
enhancd larval growth rates of wood frogs old beaver pondslthough the authors cautioned
that this mayhavebeenan artifact ofotherlandscapdeatureqStevens et al. 2006).

Other aspects of water ditp such aspH may be important for breedirgjte seletion by wood

frogs A studyin Quebec reported that egg mass density and hatching success were negatively
correlated with pH, although hatching success was still fairly @ghand 80 percent in ponds

with pH of 4.3 and 4.7, respectively; Gascon and &ah986). Another study near Juneau,
Alaska, measured pH levels ranging from 4% 5.5 in ponds wher&arval wood frogswere
present(Carstensen et al. 2003Yew and old beaver ponds in Alberta containing wood frogs
had pH levels of 7.6 and 7.8, respeely (Stevens et al. 2006)he pH valuesn the studywere

very consistent throughothe sampling locationsy;73 atoccupied sitesind 5.72 atinoccupied

sitesin 2013; 6.55 at occupied sites and 6.51 at unoccupied sites i), 26thdn the range of

other studies where wood frogs bred successfully.

Electrical conductivity a measure of water quality related to salinity, was found to be
statistically significant in this study the 2014results but these differencesvidentlywere not
biologically meaningful.The difference betweeritass where frogs were detected amere not
detectedvas<1 uS/cm, and it is thought that conductivity should not limit tadpole presgnce
values<3,000 uS/cn{Smith et al. 2006).
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Other habitat vaiables measured inthis study did not show clear relationship with frog
occupancy including beaver activity substrate, ice covegnd water temperatureFish are
known predators of frogsHecnar and McCloskey 1997but data on fish presence and
distribution in thewater bodies and wetlands sampled irs tstudy were not available for
analysis

6.2. Occupancy Modeling

Accurate habitat occupancy estimates are adjusted for the detectability of organisms in the
environment. Detectability in this studyashigh in 2013 at60.6 percent from the best model
and60.8 percent from the acoustic monit¢gse Section 6.3 belgwDetectability wasariable

in 2014 at56.6 percenin theGold CreekCorridorand16.0 percenin the Denalicorridorsfrom

the best modelor at54.6 percent overaftom the thirdbest model The estimated detectability

in a study in southwestern Alaska (26.6 percent; PLP 2@&E) lower than this study amday

have resulted from differences firog densiy, habitat characteristics, survegnditions, or the

timing of surveydetween studies

The high detectability in this studyuring 2013indicates a robust study desighfrogs were
presentat a sampling sitehe study teamvould detect them 60.percentof the time with one
visit, 84.5 percentof the time with two visits, and 93 Bercentof the time with three visits
(based on the best modeBimilarly, in 2014, f frogs were preserdt a sampling sitéhe study
team woulddetectcalls in the Gold Creek and Denali corridgrsespectively,56.6 and 16.0
percent of the time with onasit, 81.2and29.4 percent of the time with two visitsnd 91.8nd
40.7 percent ofhte time with three visit¢pbased on the best modeBasedon thethird-best
mode] frogs would bedeteced .6 percent of the timaith one visit, B.4 percent of the time
with two visits, and 0.6 percent of the time with three visits

The best modslof frog occupancyn this study in 2013 and 20Xkbntained only the variable
water depth, with deeper wateps having higher occupancy. The estimated occuparky13
for shallowwater habitats(36.8 percen), deepwater habitatg81.8 percen}, and all locations
(63.4percent suggest a widespread distribution of frogs in the areas surveyed ind20d&Hd
camp areayreservoir nundationzone, ChulitnaCorridor, part of the Denali corridsy In the
Gold Creek and Denali corridoms 2014 respectivelythe estimated occupaneyas 21.5 and
4.9 percentn shallowwater habitats68.2 and 28.7 perceim deepwater habitatsand 40.8
percent andl11.3 percentfor all locations The third-best modelsuggestd a widespread
distribution of frogs in the Gold CreeRorridor and a more limited distribution in the Denali
corridors.

The study teandetected fewr frogs in2014 inthe Denalicorridors than in the Gold Creek
Corridor. Occupancy modeling provided two different interpretations ef2til4 datg both of
which hadstatistical supporbut for which occupancy estimatediffered The best model had
very different detection rates between corrid@gerhaps because of differenceghrtiming of
surveys)resulting in occupancy rates that just varied with water déji thirdbest model had
constant detectability between corridors but different occupeateg both by water depth and
corridor (perhaps because of differences in habitats by corriédi)oughit is not possible to
reach alefinitive conclusion aboutvhich interpretation is correttecause of the limited number
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of detections in the Denatorridorsin 2014 it is clear that water depth is very influential the
occupancyateof wood frogs in this study.

Few studies have astatedoccupancy rates of wood frogs in Alaska. The naive occupatey

in Denali National Parlkand Preservevas estnated at 45percent(Hokit and Brown 2006)
which was generallysimilar to an adjustedoccupancy estimate of 49ffercentin southwest
Alaska (PLP 2011)although adjustment of the Denali Park estimate would likely have resulted
in a higher occupancy ratén comparisonthe adjusted overall occupancy ratesthis study
ranged from39.3 40.8 (2014) t063.4 percent (2013)racketing the results fromtoseother
studiesn Alaska.

6.3. Acoustic Monitoring

The use of eoustic monitoringdevices allowed the study teamto collect information to
characterizeéhe calling activity of breeding male wood frogs throughdhe surveyperiodand
throughoutall hours ofthe day.Frogs called throughouhe suvey period May 30 June 9,
2013;May 20i 29, 2014 and incidental observatioity otherwildlife field crews noted calling
frogs (May 28/ June 14, 2013and May 26i June 14, 2014. These resulténdicatedthat the
auditory surveys were wellimed, at least fofocations atlower elevatios in 2013 (dam and
camp area, reservoir zoremdmost of the Chulitn&orridor) and 2014 (Gold CredRorridor).
Locations at higher elevations the Denali corridas;, however,still were snowcovered and
many water types were either frozen or just beginning to thaw dimengurvey perioth each
year, although much more water was open in 2014 than in the unusually late spring.in 2013

Supplementatlata fromacousticmonitors deployed iboth corridors between Ma&0 and June
8, 2014 showed a dclinein calling activity for detectors in the lowefevation sites (i.e., Gold
CreekCorridor) and a decreasing or variable rate of calling activity in the Demraidors. Egg
masses in the early stages of developmenrt $ locations), along with young tadles 6 = 1)
were discovered in the Gold Creek Corridor, also suggestinghthaiuditorysurveys were well
timed to detect calling frogs indhcorridor.

The information for the higheelevation sites in 2014 (Denali corridoptiors) is less clear
however,for severakeasons(1) the twoacoustic detectordeployed therevere installed at later

dates (May 24nd26) thanin the Gold CreelCorridor because it was necessary to sample the
lower-elevation sites first and allow the higkelevation siteso thaw;(2) the detectors collected
limited data during theawuditory survey period because of bajtdailures, and most dataene
obtainedduring May 30June 8,after theauditory surveyswvere canpleted and (3) the two
detectors in th Denalicorridors produced disparateesults, in thatalling frequency decreased

over time at one detector and was variable over time at the other, making it unclear whether the
Denali corridos weresampledvhen most frogs were calling.

Diurnal patterns of frogalling activity in 2013 showed a pattern of high calling rates throughout
the late morning and afternoon, with peak calling activity occurring betwe®d @hd 0200.
Frog calling activity in 2014 showeddaurnal pattern of high calling rates throughout thelyear
afternoon and evening, although all of the datatie period o00:00i 15:00 came frona single
detector located ithe Gold CreekCorridor. Additional dateobtainedafter the auditory surveys
finished in 2014 (May80i June8) reinforcedthis pattern which wassimilar in overall shape to
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that from2013, although 2014 values were generally at lower levels (lower percentlges).
lowest rates of calling activity in 2014 correlated with some of the lowest temperatures of the
day, which occurredbefore aoustic surveydegan

The auditory surveysampling times between approximately@and 2000 in 2013 mainly fell
within the period of high calling activity, helping to explain the high detectability of the surveys
that year The sirveytimes between appxrimately 0930 and 1980 in 2014 fell within both low

and high periods of calling activity observed in 2014, with later sampling times having a higher
percentage of calling frequency. The low frequency of frogs calling in the morning and early
afternoon m 2014 mayhelp toexplainthe lower detectability valuesbtainedin 2014 than in

2013.

An additional use of the013acousticmonitoringdata was to calculatihe detectability 0.8
percent) of frogs calling whethie study teanactually sampled and compare that to the estimate
from occupancy modeling60.6 percent) Concordance between these respitsvided strong
evidence thathe occupancy modeling provided a reasonable estimate of detectabilityhatnd
the occupancy rates eve adjusted appropriatelyThis concordance is key to producing
meaningful habitat occupancy results for eventual ugstimaing the potentialhabitat loss and
alterationthat mayoccur from development of the Project.

6.4. Chytrid Fungus

Bdis a chytrid fungus that causes the disease chytridiomycosis in amphibians. Since it was first
discovered in amphibians in 1998, it has devastated amphibian populations around the world,
including in North AmericgAdams et al. 2007, Olson et al. 201BYl is sometimes aonlethal

parasite and some amphibian species and some populations of susceptible species are known to
survive infection. The fungus is widespread and ranges from lowland forests to cold mountain
tops, and is typically associated with host mortality ighhaltitude environments and during

winter, with greater patlgenicity at lower temperatureBdis believed to spread mainly through
contact between infected frogs or with infected watd&FWS originally requested that
opportunistic sampling for the pexsce ofBd be added to the Study Plan out of concern for the
potential spread of the fungus through increased road access in the study area.

Wood frogs have been identified as a species stibtpo infection byBd, and itwas first
detectedin Alaskain a dead wood frodound in the Kenai National Wildlife Refuge in 2002
(Reeves and Green 2QU8eeves 2008 Anather positive detection dd occurrednear Dyea in
Southeast Alaska in 2006 and was associated with the apparefit dievestern(boreal)toads

in that region(Juneau EmpireMay 21, 2006)Bd wasdocumentedn borealtoads Bufo boreay

and redlegged fogs Rana aurora in another study irwestern Canada arfsbutheastAlaska
(Adams et al. 2007Although Bd was not detected in this study, the small sample size of swabs
obtained in this studis considerednadequate to confirm its absengsequivocally

7. CONCLUSION

During 20131 2014, AEA completechuditory surveys and acoustic monitoring of calling male
wood frogs to document the distribution, habitat use, and occupancy of wood frogs in water
bodies throughout the study area during the spring breeding s@asostatus of wood frogs in

Susitnal Watana Hydroelectric Project Alaska Energy Authority
FERC Project No. 14241 Page 20 October 2015



STuDY COMPLETION REPORT Wo0D FROG OCCUPANCY AND HABITAT USE (STuDY 10.18)

the Project area was unknown prior to this study and few studies habéshsth occupancy

rates of wood frogs in Alaska. A total of 90 randomly selected wetlands and water bodies were
surveyed for the presence of wood frags2013 and 104 wetlands and waterbodies in 2014
Frogs were found to be widely distributed in the araseyed over a variety of habitat types
from tundra to forested wetlandghe field work, data collection, data analysis, and reporting for
the Wood Frog Studysuccessfully methe first, second, and fourtstudy objectives in the
FERGapproved Study Pie the third objective will be addressed in the draft license application
for the Project, using information obtained in this stullye results of taWood FrogStudy are
reported herein and earlier by AEAER 2014a, 2014b, 2014cWith this report, AEAhas now
completed Study0.18, Wood Frog Occupancy and Habitat.Use
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9. TABLES

Table5.21. Number dfrogsurvey \sits toWaterBodies andietlands in th2013 SidyArea.

Location First Visit Second Visit Third Visit

DaniCamp Areand
ReservoiZone

Water body 28 9 0

Wetland 21 9

Total 49 18 0
Corridors

Water body 28 21 4

Wetland 13 11 1

Total 41 32 5
Grand Total 90 50 5

Table 5.2. FrogDetectionn Shallowand Deepvater Habitats in 2013.

First Visit Second Visit Third Visit Overall
Not Not Not Not

Location Detected| Detected| Detected| Detected| Detected| Detected| Detected| Detected
Shallow wate

(<15 m) 8 34 3 29 2 3 13 29
Deep water . N

>1.5m) 29 19 5 13 i i 34 14
Total 37 53 8 42 2 3 47 43
Notes:

a 15m=409f1t
b. Two locations warneluded where egg masses were observed but no frog calls were detected.
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Table5.23. Number dfrogsurvey \sits toWaterBodies andietlands in th2014 SidyArea.

Location First Visit Second Visit Third Visit
Gold Creek Corridor
Water body 18 14
Wetland 20 15
Total 38 29 0
Denali CorriddDptions
Water body 54 49 0
Wetland 12 12 3
Total 66 61 3
Grand Total 104 90 3
Table 5.4. FrogDetectiorin Shallowand Deegvater Habitats in 241
First Visit Second Visit Third Visit Overall
Corridor Not Not Not Not
Location Detecteq Detecteq | Detecteq Detected | Detecteq Detecteq | Detected Detected
Gold Creek |Shallow watg 1 20 2 18 0 0 3 18
(<1.5 m)
Deep water 8 9 2 7 0 0 10 7
(>1.5m)
Total 9 29 4 25 0 0 13 25
Denali Shallow watq 1 36 1 35 0 3 2 35
(<1.5 m)
Deep water 4 25 2 23 0 0 6 23
(>1.5m)
Total 5 61 3 58 0 3 8 58
Total Total 14 90 7 83 0 3 21 83
Notes:

a. 1.5m=409ft.
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Tableb.1-5. OccupancynodelSelectionResults forPresence ofWood Frogsin 2013

Modet a2+ LI K Alcé AAI°Cd yi

d (Water Debt(.¥ 162.35 3 168.63 0.00 0.348
d (Water Depth, Habig()) 161.71 4 170.18 1.55 0.160
d (Water Depth, Water Typg), 161.97 4 170.44 1.81 0.141
d (Water Depth, Arga),) 162.00 4 170.47 1.84 0.139
g (Water Depth, Water Type, Habitat), 161.51 5 172.22 3.59 0.058
d (Water Depth, Area, Hahitéd), 161.61 5 172.32 3.69 0.055
d (Water Depth, Area, Water Typg), 161.84 5 172.55 3.92 0.049
d (Globalp (.) 161.48 6 174.49 5.86 0.019
d (Habitatp (.) 168.78 3 175.06 6.43 0.014
d (Water Type, Habitaf)) 168.53 4 177.00 8.37 0.005
d (Area, Habitap)(.) 168.75 4 177.22 8.59 0.005
d (Area, Water Type, Habfiét), 168.48 5 178.87 10.24 0.002
d (Area)p(.) 172.59 3 179.19 10.56 0.002
a.p) 175.18 2 179.32 10.69 0.002
d (Area, Water Type{,) 171.93 4 180.40 11.77 0.001
q (Water Typ&{.) 174.81 3 181.09 12.46 0.001
Notes:

a. (= occupancy variabfes detection probability; Water Depthdepthi# 1.5 m (4.9);ftHabitat = proportion of shoreline

containing hibernation habitat; Waterviatedoedy onetland; and Areaam camp, aneservoir arearoadcorridors.

@ ~0o oo o

Negative 2 times thelikglihood value.

Number of estimable parameters in thirapping model.
Akai keds | n,fcarectachfor snmathsar@pteisitee r i o n

Difference in value between th@fAh@ current model and that of the best approximating model.
Akaike Weight = Probability that the current model (i épgrexesting model in the candidate set.
p (.) indicates thadtdction probability was held coastassll locations in the model.
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Tableb.1-6. TopOccupancymodelSelectionResults forPresence ofMoodFrogsin 2014

Modet a1l | K| acé | aAa1°d  yf

q (Water Depth), p (Corrid| 11225 | 4 | 120.65 0 0.1645
qQ (Water Depth, Habitat), 110.42 | 5 | 121.03] 0.38 0.1360
q (Corridor.,m Water Depth), 112.72 | 4 | 121.12| 0.47 0.1300
q (Water Type, Water Dept h| 10855 | 6 | 121.42| 0.77 0.1119
q (Water Type, Water Dept h| 11119 | 5| 121.80| 1.15 0.0925
q (Corridor, Water Depth, 111.70 | 5 | 122.31| 1.66 0.0717
q (Corridor, Water Type, W 11197 | 5| 12258| 1.93 0.0627
d (Corridor, Water Depth), p (Corridor) 11225 | 5 | 122.86| 2.21 0.0545
q (Corridor, Water Depth, 110.36 | 6 | 123.23| 2.58 0.0453
g (Corridor, Water Type, W 11053 ]| 6 | 12340 275 0.0416
gd (Cor r i doMater D¥pthtHabitat) TpyGoridor) 108.53 | 7 | 123.70] 3.05 0.0358
g (Corridor, Wap(@orridolype, W 11119 | 6 | 124.06] 341 0.0299
gq (Water Depth), p (.) 120.24 | 3 | 126.48| 5.83 0.0089
q (Water Type, Water Depth| 11997 | 4 | 12837 7.72 0.0035
g (Water Depth, Habitat), 120.17 | 4 | 12857 7.92 0.0031
q (Corridor, Water Type), 12198 | 4 | 130.38| 9.73 0.0013
Notes:

a. (=occupancy variakpes detection probability; Water Depttiepttrf1.5 m (4.9;fHabitat = proportion of shoreline
containing hibernation habitat; Waterwateerody onetland; an@orridor Gold Creek or Denali Corridors

Negative 2 times thelikglihood value.

Number of estimable parameters in the approximating model.

Alai ke d6s | nf eaorrected forsmall @mpletsieer i o n

Difference in value between th@fAt@ current model and that of the best approximating model.
Akaike Weight = Probability that the current model (i) is the best approximatoandidded sethe
p (.) indicates thattdction probability was held coastasll locations in the model.

@ ~0oaoCo

Table5.21. ModelEstimates ofWood Frog €upancy anietectionProbabilityin 2013rom theBestModel

Variable Estimate SE 95% C.I.
Occupancy
Shallowvater(<1.5 m deep) 0.368 0.095 0.2080.565
Deepwatei(>1.5 m deep) 0.818 0.131 0.4440.962
Overal 0.634 na na
DetectiorProbability
Overall 0.606 0.129 0.3480.816
Notes:

a. 1.5m=409ft
b. Occupancy based on weighterhge of parameter estimates.
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Tables.22. ModelEstimates ofVood Frog €upancy anfetectionProbabilityin 2014 frorthe BestModel

Variable Estimate SE 95% C.I.
Occupancy
Shallowvate(<1.5 m deep) 0179 0.08 00590431
Deepwatei(>1.5 m deep) 0719 0245 01920965
Overal 0.393 na na
DetectiorProbability
Gold Creek Corridor 0.566 0.256 0.145%0909
Denali Corridor 0.160 0.082 0.0550.387
Notes:

a. 15m=49ft
b. Occupancy based on weighted average of parameter estimates.

Table5.23. ModelEstimates ofWood Frog €upancy an@etectionProbabilityin 2014 frorthe Third-bestModel

Corridor Variable Estimate SE 95% C.I.
Occupancy

Gold Creek Shallowvate(<1.5 m deep) 0.215 0.106 0.0740.495
Deepwatei(>1.5 m deep) 0.682 0.165 0.3250.905
Overahl 0.408 na na

Denali Shallowvate(<1.5 m deep) 0.049 0.031 0.0140.162
Deepwatel(>1.5 m deep) 0.287 0.113 0.1260.543
OveraH 0.113 na na

DetectiorProbability
Overall Overall 0546 0.179 0.2260.832
Notes:

a. 15m=4.9ft
b. Occupancy based on weighted average of parameter estimates.
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Table 32-4. Habitat Characteristics of Wd3ediesand WetlandahereWood Frogsvere Detecteand NoDetectedn 2013.

. . . Wood Frog Detectien
Habitat Type / Variable Description P-value
Detected Not Detected Overall

Watetbody Structure

Watetbody type (%) Big lakes (> 20 acres) 21 2.3 2.2 0.158
Small ponds w/o emerger 27.7 11.6 20.0
Small ponds w/ emergent 44.7 41.9 43.3
Seasonally flooded ponds 25.5 44.2 34.4

Beaveactivity (%) No 91.3 76.7 84.3 0.157
Yes 8.7 23.3 15.7

Aquatic Habitat Characteristic

Emergentand submerger

vegetation (%) 22.6 (4.2) 32.7 (5.2) 27.5(3.3) 0.132
Emergent vegetation (%) | Grass 6.4 14.0 10.0 0.15&
Sedge 80.9 62.8 72.2
None 12.8 23.3 17.8
Substrate (%) Boulder 4.3 2.3 3.3 0.179
Gravel 0.0 7.0 3.3
Mud/silt 14.9 233 18.9
Organic 80.9 67.4 74.4

Aquatic Features

Ice cover (%) 36.7 (5.6) 26.1 (5.0) 31.7 (3.8) 0.165
Water temperature %) 7.0 (0.6) 5.7 (0.8) 6.4 (0.5) 0.175
Susitnai Watana Hydroelectric Project Alaska Energy Authority
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Wood Frog Detectien

Habitat Type / Variable Description Detected S —— overall P-value
Water depthg Shall oow (O 1 27.7 67.4 46.7 <0.001
Deep (> 11/5) 72.3 32.6 53.3
Water Quality
Dissolved oxygen (%) 64.77 (2.77) 70.63 (3.50) 67.57 (2.22) 0.193
Dissolved oxygen (mg/L) 7.96 (0.38) 9.16 (0.46) 8.53 (0.30) 0.047
Specific EC 0.039 (0.006) 0.040 (0.008) 0.039 (0.005) 0.950
pHe 5.73 (0.10) 5.72 (0.12) 5.73 (0.07) 0.932
Terrestrial Habitat within-B0Radius
Herbaceous (%) 18.0 (1.9) 26.4 (3.2) 22.0(1.9) 0.029
Dwarf shrub (%) 12.7(2.2) 11.4 (2.6) 12.1 (1.7) 0.709
Low shrub (%) 21.2 (2.1) 22.4 (2.4) 21.8 (0.6) 0.709
Tall shrub (%) 28.5 (2.3) 27.7 (3.6) 28.1 (2.1) 0.847
Trees (%) 19.0 (2.6) 12.8 (3.1) 16.4 (2.0) 0.130

Notes:

a. Parenthetical values in table cells indicate 1

b. P-value from ebjuare test (otlevalues are frorests for two independent samples).

c. Measured on first visit.
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Table 2-5. Habitat Characteristics of Wdediesand WetlandehereWood Frogsvere Detectednd NoDetectedn 204.

Wood Frodetectiort
Habitat Type / Variable Description P-value
Detected Not Detected Overall
Watetbody Structure
Watetbody type (%) Big lakes (> 20 acres) 4.8 1.2 1.9 0.01&
Small ponds w/o emergel 0 18.1 14.4
Small ponds erhergents 95.2 65.1 71.2
Seasonally flooded ponds 0 15.7 125
Beaver activity (%) No 76.2 68.7 70.2 0501
Yes 23.8 31.3 29.8
Aquatic Habitat Characteristig
Emergentand submerger 16.0(5.9 212(3.0 201(2.9 0097
vegetation (%)
Emergent vegetation (%)| Grass 4.8 9.6 8.7
Sedge 90.5 67.5 72.1
Shrub 4.8 24 2.9
None 0 20.5 16.3
Substrate (%) Boulder 0 4.8 3.8 0.080»
Gravel 0 1.2 1.0
Mud/silt 0 21.7 17.3
Organic 100.0 69.9 76.0
Sand 0 24 1.9
Aquatic Features
Ice cover (%) 6.2(4.9 8.6(2.3 8.122.0 0625
Water temperaturec(%) 8.6(08) 7.7(04) 7.9(03) 0273
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Wood Fro@etectior?
Habitat Type / Variable Description P-value
Detected Not Detected Overall
Water depthg Shall omw (O 23.8 63.9 55.8 0.00P
Deep (> 115) 76.2 36.1 44.2
Water Quality
Dissolved oxygen (%) 74.33.7) 61.582.39 64.1(208) 0.006
Dissolved oxygen (mg/L) 8.63(0.423 7.28(029 7.550.25 0.011
Specific EQIS/cm) 0.042(0.0G) 0.38(0.06) 0.365(0.0@) 0.023
pHe 6.55008 6.51(008 6.53(0.(®) 0.761
Terrestrial Habitatithin 56m Radius
Herbaceous (%) 26.93.9 28.1(1.9 27.91.9 0775
Dwarf shrub (%) 10.5(23) 10.51.9 10.512) 0983
Low shrub (%) 23.6(5.0 23.9(2) 23.82.0 0956
Tall shrub (%) 33.05.0 30.72.5 31.1(22) 0679
Treeq%) 6.0(3.9 6.6(1.5 6.5(1.9 0877
Notes:

a. Parenthetical values in table cells indicate 1 S.E.
b. P-value from ebguare test (otlevalues are frorests for two independent samples).

c. Measured on first visit.
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Figure 3-1. WoodFrog Study Area for the Susitna Watana Hydroelectric Project in 2013
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Figure 3-2. Wood Frog Study Area for the Susitna Watana Hydroelectric Project in 2014.
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