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ABSTRACT

Sea ottersEnhydra lutris kenyonitrand and die for a variety of reasgnsluding disease, starvation,
predationand trauma.Beginning in 2006therewasan unusuallyhigh number of subadult male sea
otters dying fronStreptococcal endocarditiencephalitis and/or septicemia, referred tStasp
syndromein Kachemak Bay, AlaskaTlo better understand the progression of3hep. syndromein
free-ranging sea otterthe U.S. Fish andwildlife ServiceimplantedVHF radios intod4 sea otters in
KachemalBay to monitorhealth,survival,andmovementsand to assess causes of mortalDuring

31 July200771 03 May 2010, wemonitored 12 femaled(subadults8 adults) and 32 male (@ups, 16
subadults14 adults)seaotters by aircrafatndremotedata loggef200820100only). The average period
between locations of easltudy animal was 12 day®8y January2010, the status athe study animals
was 30alive, 6 dead, and missing After January 201Qherate of detection progressively decreased
due to theexpiration of the battery life of thdiotransmitters We continued tdocatestudy animals

to monitorfor mortality, and at the close of the monitoriray 03 May 2010the statusvas: 9 alive, 6
dead, an@9 missing. Study animals may be missing (undetected) for a variety of reasolsgling
radiofailure, movement outside the study area, and undetected mor@ditises of mortality were
disease (2 adult females), trauma due to boat strike (1 adult aradepke during subsistence hunting
(3 adult males)Both females and the male which diedtfuma had forensic level necropsies
performed; the female otters showed evidenc8toép syndrome and the adult male did ndtale and
female otters used spatially distinct regions of the, Bagl both sexes appear to have seasonal use
patterns. Durig the monitoring periadall females had at least 1 pum averagea pup was born to
each female every 1.2 yeairsdicating ample food resourceAt the close of the study, all subadult
males were alivewnith one 6%) missing wherea$8% of the female otters wemdtherdead or missing.
Carcas<ollection methods are biasbkg the habitat used by particular sex and age classes ofaiters
theareasavailable to be searched blyanding volunteersCarcass recovery efforts indicatedttha
subadult male ottensere more vulnerable to Stregyndrome than other sex and age classes, however,
this study indicates that reproductiage female otters may be more vulneraflee survival of
femalesappears particularly 1060%), however, our ample size wasmall (n=12) Of the known
causes of mortality in our study, 67% are directly human related (boat strike and harvest) in Kachemak
Bay. While the overallmortality ratefor the Kachemak Bay study arisdikely not significant on a
broad poplation level, this study has been informative and elucidates the ease at which unreported and
undocumented mortality can occur in ttos likely any otherregion within the populatiorange.



INTRODUCTION

Sea ottersEnhydra lutris kenyonitrand and die for a variety of reasgnsluding disease, starvation,
and trauman Alaska In the Kachemak Bay area, thér@sbeen an unusually high numbersofbadult
malesea otters dying frorStreptococcal endocarditiencephalitis and/or septicar(hereafter referred
to as theStrep syndrome)Gill et al.in prep) Becausé&trep syndrome was the most frequent cause of
death forrecoveredsea ottecarcasses Kachemak Bay, the U.S. Fish and Wildlife Seryiegvs)
recommendethe event be investigated in collaboration withtmeisual Mortality EvenfUME) team
which is provisioned under the Marine Mammal Protection A¢ith a dedicated team of researchers,
the FWS implemented several studies to both identifyses othe syndromeand to understand the
potential impact to the populatiofcarly findings indicate that most of the isolateshieStrep.

syndrome of sea otters in Alas&eeStreptoccous infantarius ssp. c(lureket al in prep). The cause

of this unusually lgh occurrence of the disease is unknowHowevey there is evidence of a
morbillivirus andBartonella in this population, which could lead to immunosuppression and/or damage
to endothelial cellsyME team, unpublished dgtaTo understand the progressiof theStrep.
syndromeand to relate findingBom the necropsy work to livieee-ranging sea otters, t@VSand the
Alaska Sehife Centerimplanted a VHF radiointo each of44 sea otters in Kachemak Bayring late
summer 2007 The study objectivesere toevaluatendividual healthprofilesfor the study animaldp
collect data orsurvivaland causes of mortalitgnd to understand habitat use through monitoring
movements We report the results of tlmadio monitoring (includingreproductionpehavior habitat

use, and causes of dealitheseradio-implanted sea otters.

METHODS

StudyArea Kachemak Bay is located Bouthcentral Alask§59.6° N and 151.5° W\and is designated as
a State Critical Habitaf\rea It is alsothe location of the Kachemak Bay National EstuaResearch
Reserve.The study area iapproximately916 km? of estuarineandfjord habitas which areinfluenced

by glacial input in the summer and agjacenwaters of lower Cook Inlet and the Gulf ofaska(Fig.

1). The bathymetry is characterized &yerage water depths of-4deters, softsediment substrates of
unconsolidated glacial tjland siltand deep trenches and holes extending to approxiniatéiyetess
deep. A ekilometerlongspit, arelict glacialmoraine extends south from the city of Homer to the
center of the Bayestrics water circulation. The south side of the Baigenerally deepith rocky
substrateand the north side is shallow with soft sediment habitstisitwater fromfifteenglaciers
flowsinto Kachemak Bay from the Harding and adjacent ice fieBésliments derived from these
glaciers help build and sustain the predominantly sand and gravel beaches in the estuary. Nutrient rich
water enters the Bdyom the Gulf ofAlaska and large tidal rangesgan 5.feter3 contribute to the
circulation pattern.

Capture andClinical Data Capture, handling, and release procedures feltbmell established
protocols(Rallset al. 1989, Monsoret al.2001) andvereapproved by thé&niversity of Alaska,
AnchorageAnimal Care and Welfare Committe#Ve captured sea otters passively with unweighted
tangle nets placed selectively in high density sea otter habitat. Once captured, the sea otters were
transferred to a suppt vessel standing by in proximity to the capture s8ea otters @ereanesthetized
with a combination of fentanyl citraeenddiazepam omidazolamanesthesisand reversed with
naltrexone. Weight (kg) and length (cw@rerecorded, and a premolar tbavascollected for aging
(Bodkinet al.1997). Otters wretagged witha VHF radio in the interperitoneal cavigndcolor-

number coded plastic tags (Temple Tags, Temple wWefte insertedavith a single puncim the




interdigital space on the hind flippfor visual identification.To aid in the recovery alead study
animals, alradios hd atemperaturenortality nsorwhichincreasd thepulse rate post mortem.

Sea otter ages were classifiedtbgthcementum of the first premolar todthMat son dge Lab)
classes for study aninsalere defined as follows0-1 weredependant pups-1 and<5 were subadult
unlessaccompanied bg dependanpup O5 were classified as an adult.

Monitoring: We monitoredfor radio instrumented animalsllowing surgical implantatiomo ensure

full recovery from surgery and sampling procedumed contined monitoringthroughO3 May 2010
Monitoring of study animal®y fixedwinged aircrafioccurred three times per weal averageror

each location weecordeddate, time, locatio(GPS latitude/longitudeproup sizelocation quality
behavior(forging, resting, interacting, swimming, unknowahd pup statusWe classifiedhe relative
accuracyokach | ocation as hi gualityg0.5kin) andvisualpcorirméd k m)
t he study a whemfaasilileBehawiocwas determined by visual observation of the study
animal or by interpretation of the radio signal pat{@nesting animal has no break in signal
transmissiona foraging animal has distinct breaks in transmission with each foragingyoeening

and swimming animals have an irregular patterning to the signal transmidsiander to passively
monitor sea otters, westalled a remote data logger in our stadga in Mud Bay during November
2008, this area is used seasonally by large concentrations of seaAttadso transmitter of known
frequencyservedas a referencgignal,and the data logger saadcontinuously See Appendix A for
more details on wnitoring methods.

RESULTS

Capture and Clinicdbata We hal a capture rate of 2.09 otters payover21 capture daysWe
captured and sampled 44 sea ottedlsachemak Bay:12 female 4 subadults8 adults) and 32 maleg (
pups, 16 subadults]14 adults) Tooth age was used to classify age in all cases but two (LCI018 and
LCI027) where the first premolar tooth had not been collected during surgery. In these cases, the
estimated age at capture was uSeable 1) At the beginning of the studyge classificatioa were
based on tooth annwdind behavior at the time of capture. Age classifications mersfied as study
animals were observed as independenthe case of pup®r reproductively maturgsubadult females)
All sea otters wersamped,implanted witha VHF radig andreleased in proximity to the capture
location. There were no mortalitiessultingfrom capture, samplingyr surgery. At the time of capture,
all study animals appeared in good condition on gross obseryatidsubcutaneous fatasevidentat
the time of surgery Analyses of clinical samples collected during the sampling procedure are reported
in Goertzet al.2007.

Monitoring: During 31 July20077 03 May 2010Qweactivelymonitoredthe study animalby arcraft
(n=3,277 total relocationgnd remote data logge2q0820100nly). For male and femalstudy

animals the average number of relocatiomas 79 (85% high quality) and62 (83% high quality,
respectivelyby aircraft(SeeAppendix Bfor maps of individual study animalsThe radio transmitter
signalwas not found tdve particularly strong for these study animalad the aircraftvasmost often
within 1 km of a target transmitter before the signas heard. Therefore, even the Iquality
locationswerestill within 1 km of the actual location of the study aninfdie arerage mterval between
relocations was 1#8ays. Whenconditions allowed, & located ®idy animalsvisually from the aircraft
Missing study animals were searctiedoutside of the study area in Cook Inlet (nf#ights). In total,
9,42kkilometers of track lingoutside of the study area wesearchedvhile 125,525 kilometers (n=431



flights) were searched inside of the study dFég. 1). External &g lossncreased throughut the study
with most tags visible in year one to o8lpf 38 ottersthatretairedat least one tag dylay 2010 Most
study animals were found to be alone or in small gradigea otter$<20) when relocatedndthe
maximum group sizevas500 (Fig. 2). Thebehavior at the time of relocation variedi7% resting or
hauledout, 20% foraging 17% swimming, 1% other behavigsuch as interacting with other sea otters)
and15% unknown activity.

Table 1. Capture and tagging information from 44 sea otters which were instrumented with VHF radio
transmitters in the intreperitoneal cavity and systematically monitored during 31 July @Q80May

2010 in Kachemak Bay, Alaska.

Otter Capture VHF Radio Age Weight

Number Date Left Tags Right Tags Frequency Sex | (Yrs) (kg)
LCI001 07/24/2007 | CH-45-251 AQ-45-556 165.392 M 8 41.0
LCI002 07/24/2007 | LB-45-264 AQ-45-567 165.882 F 6 24.9
LCI003 07/24/2007 | OR-45-301 AQ-45-558 164.530 F 4 24.9
LCI004 07/25/2007 | RE-45-485 AQ-45-560 164.430 F 14 27.2
LCI005 07/25/2007 | WH-45-519 AQ-45-563 165.603 M 0 16.8
LCI006 07/25/2007 | YE-45-271 AQ-45-551 164.780 M 6 41.3
LCI007 07/25/2007 | AQ-45-568 AQ-45-554 165.180 F 11 29.0
LCI008 07/26/2007 | PI-45-16 AQ-45-553 164.942 M 8 38.6
LCI009 07/29/2007 | PU-45-6 AQ-45-566 165.304 F 5 26.8
LCI010 07/29/2007 | CH-45-265 CH-45-257 165.055 M 3 35.8
LCI011 07/30/2007 | LB-45-255 CH-45-263 164.668 F 2 245
LCI012 07/30/2007 | OR-45-307 CH-45-262 165.243 M 6 38.6
LCI013 07/30/2007 | RE-45-500 CH-45-264 165.155 F 8 26.4
LCI014 07/30/2007 | WH-45-532 CH-45-261 164.641 M 0 17.3
LCIO015 07/30/2007 | YE-23-273 CH-45-266 164.717 F 2 20.9
LCI016 07/30/2007 | AQ-45-562 CH-45-254 165.364 F 10 27.3
LCI017 07/31/2007 | PI-45-15 CH-45-258 164.993 F 3 27.3
LCI018 08/02/2007 | PU-45-1 CH-45-252 165.278 M 5 34.1
LCIO019 08/02/2007 | CH-45-260 LB-45-256 164.405 M 2 30.0
LCI020 08/02/2007 | LB-45-252 LB-45-266 164.504 M 2 35.9
LCI021 08/02/2007 | OR-45-312 LB-45-253 164.891 M 2 27.7
LCI022 08/02/2007 | RE-45-497 LB-45-251 164.453 M 3 36.4
LCI023 08/02/2007 | WH-45-531 LB-45-259 165.015 M 4 38.6
LCI024 08/04/2007 | YE-45-279 LB-23-267 165.079 M 2 33.2
LCI025 08/04/2007 | AQ-45-564 LB-45-258 165.328 M 2 31.2
LCI026 08/04/2007 | PI-34-12 LB-45-263 164.618 M 2 30.0
LCl0o27 08/04/2007 | PU-45-5 LB-45-260 164.692 M 5 36.4
LCI028 08/04/2007 | CH-45-256 OR-45-302 164.742 M 8 35.0
LCI029 08/05/2007 | LB-45-257 OR-45-303 164.804 M 7 33.6
LCI030 08/05/2007 | OR-45-313 OR-45-304 164.970 M 7 43.2
LCI031 08/05/2007 | RE-45-495 OR-45-305 164.842 M 8 35.5
LCI032 08/07/2007 | WH-45-524 OR-45-306 164.865 M 7 40.0
LCI033 08/07/2007 | YE-45-268 OR-45-308 164.555 M 4 38.2
LCI034 08/07/2007 | AQ-23-557 OR-45-309 164.917 M 9 40.5
LCI035 08/07/2007 | PI-45-13 OR-45-314 165.416 M 5 35.5
LCI036 08/07/2007 | PU-45-4 OR-45-310 165.215 M 7 31.8
LCI037 08/07/2007 | CH-45-253 PI-45-1 164.592 M 3 35.5
LCI038 08/07/2007 | LB-45-261 PI1-34-2 164.605 M 2 28.6
LCI039 08/07/2007 | OR-45-315 PI1-45-9 164.417 M 2 30.0
LCI040 08/09/2007 | RE-45-498 PI-45-4 164.516 M 1 23.6
LCl041 08/09/2007 | WH-23-530 YE-45-270 164.679 F 4 33.2
LCI042 08/10/2007 | YE-45-274 YE-45-272 164.655 M 4 34.0
LCI043 08/10/2007 | AQ-45-561 YE-45-276 164.541 M 4 37.3
LCl044 08/11/2007 | PU-45-8 YE-45-278 165.618 F 10 27.3




From Octobethrough Aprileach yegrlargegroupsof male otterg50- 200) congregata the water
andon the ice fles near Mud BayFig. 1) The renote data logger wassefulin identifying seasonal
habitat usef Mud Bay. From November 2008 May 2010, 27 malestudy animalsvererecorded at the
Mud Baysite on averaggean individual was heard diil4different days (rang2-233 days). Six

female ottes used the Mud Bay siten an average of 5 different days (rangk4ldays) The mortality
signal ofanotheradultfemale otter was also recorded at this.sB&e had previously been located dead
and floatingn theopenwater at the mouth dfachemalBay, but we were unable to recover the
carcass. Four days later, tiwes and currents brought her badyMariner Park on the outside of the
Homer Spitandthe data logger recordéermortality signal

By January 201(he status of the study animals w&&alive, 6 dead, an@ missing After January
2010,therate of detection progressively decreasetll 66% of the study animals were missing (radio
battery expiratiorwas the assumed cause, Fig. Bje continued to locate study animals to monitor for
mortality, and at the close of the monitoring, @8 May 2010, the statwgas: 9 alive, 6 dead, an@9
missing. Causes of mortalitfor our study animalsvere disease (2 adult females), trauma due to boat
strike (1 adult male)and t&e during subsistence huntingg@ult males)Table2). Forensic level
necropsiesvere conducted on ti#adult females andl adultmale(boat strike) Both of thesefemale
study animalsshowedsomeevidence ofStrep syndrome. FemaleLCI004 hadmuscle wasting
septicemiaand a receihy aborted pregnancyFemale LCI007ad probable septicemia, endocardlitis
and was lactatingt the time of deathOnthe last visual observatiaf LCI007, shehad a small pup
(approximately 2.5 months); the fate of the pup is unknown but it was likely too small to survive on its
own. At the time of necropsyhere was no evi&hce of theStrep syndrome in malé.Cl1031 which died
of severdrauma likely from a boat strike

We were unable to recover ttieeebodies of the sea otters taken in the subsistence huGte36, a
territorial male from Halibut Coveyas taken asart of a subsistence huamdthe carcaswas left in the
waterat the hunting site The hunter retaineand returnedhe flipper tagso us;we did not locate

radio signal from this otter despite extensive seardmnaircraft The second hunted anin{alCI006)
wastracked to the hunté house. When asked, beughtthe carcass tBlomerfor taggingand

provided the heart for examinatidsut did not wish tgrovide the carcass foecropy. The heart
showed a thickening @he heart valves and may have been in a preliminary stagelotardsis but

we wereunable to determine if there was other evidencetip syndrome for this animal without a
necropsy(P. Tuomi pers. com)The transmitter of LCIO1 was recoveredn 27 April 20090n the

beach at Ninilchik, but the carcass had already been scaveWdeh talking with residents of the area,
they had foun® carcasses dumped on the be@chdult, 1 subadult or large pup) around 10 ApEI09
that wereskinnedwith the headsstill attached. One of these animals was LCI001. He was a territorial
male that spent most of his time in Tutka Bay.

Of the missing animalsye lost contact withhree animal$2 females, 1 malep 2008 and fie animals

(3 females, 2 males) 2009. On 1 July 2009, a kayaker spottedater with a pup that had flipper tags
matching the colocombinationof LCIO15, so it igpossiblethat her transmitter stopped working.
Unfortunately, we were unable to verify the sighting and no furthertepf this otterwere obtained.



Table 2. The monitoringesults of 44 VHF radibagged sea ottefer survival and causes of mortality duri@ig
July 2007- 01 January 2010 in the Kachemak BAlaska

No. of

Otter Resight | Date of Last Necropsy

ID Age | Sex| Locations Resight Status | Preformed | Necropsy Result
LCIOO1| 8 M 60 04/27/2009 | Dead No Subsistence Hun
LCIO04 | 14 F 21 04/17/2008 | Dead Yes Disease
LCIOO6| 6 M 33 11/15/2008 | Dead No Subsistence Hun
LCI007 | 11 F 50 01/26/2009 | Dead Yes Disease
LCIO31| 8 M 8 03/06/2008 | Dead Yes Trauma
LCIO36| 7 M 21 03/16/2008 | Dead No Subsistence Hun
LCIO02| 6 F 41 01/06/2009 | Missing
LCIO09| 5 F 69 09/26/2009 | Missing
LCIO15| 2 F 40 12/16/2008 | Missing
LCIO16| 10 F 29 09/23/2008 | Missing
LCI0O17| 3 F 77 09/13/2009 | Missing
LCI029| 7 M 67 05/24/2009 | Missing
LCIO34| 9 M 29 05/13/2008 | Missing
LCIO39| 2 M 74 07/01/2009 | Missing

During the monitoring perioduenulative plots ofelocationsby sexshow he majority of coastal and
openwater areain Kachemak Bayvereusedby our study animalJsvith theexcepion of the deepest
watersin the center of the BajFig. 4 and5). There was overlap in ahe and female arséhroughout
the study area but pup rearing by adult females was more distinct and oattinesgpen water habitat
at the mouth of the Bayvithin the more protected coastal areas on the south side of thari®Bayas
rarely seen at the head of the B&ig.6). Male otters werenost commonly found around the Sffttg.
4), andrarely foundalong the south shore of tBay, with the exception of established terriesfor
malesLC1001, LCI1027,LCI028 LCI030, LCI033, andLCI036 duringa portion of the matoring
period(Fig. 7). Theaveragevaterdepthassociated witlocatiors for male and female ottersas18-
metersand19-metersrespectivelywith morehaulout behavioobservedn the winter monthsThe
average water depth of the ovestlidy area wagl-meters(range O0° 169m).

With a mean location interval of Hays, we were able to detect the presence of pups born to females
more easilythan expectediven that we were monitoring by aircrafll females producedt least 1

pup during the course of the monitoring periaddthose animals that were tracked for all three years
produced or 3pups. On average, femalesour studyreproduced every 1.2 yeard/e estimatehe

age of first reproduction for three faies that were captured as subadwolisebetween 3 and years of
age.



DISCUSSION

Sea otters in Kachemak Bay use the open water habifar&ging resting, and pup rearing. &h
tendencyto reside irthe open wateaffected our rate ofapture The rate of capture was about half of
what we obtained ithe Kodiak archipelagduring20042005 which averaged .2 otters per day
(Doroff pers obs). Though the Kodiak archipelago has similar soft sediment foraging hathts
strong tidal currentghe otters were typically clost® shore than observed in Kachemak Band
unweighted tangleetssetperpendiclar to travel corridors erean dfective capturemethod In
Kachemak Bay, there was only one site where shased nets were effectivand the rest of the effort
was inthe open water habitat.

The tendency for otters to use the open water habitat also affected our ability to relocate study animals.
Otters were found as far away as-Riometers from shoreand because of the shadnismitter range

and the amount of open water to search, otters at this distance were very difficult toCacageal

was to locate each study animal every 7 dagd we averaget? days between observationd/ave

heightand ottebehavior(movementsoftenimpededour ability to obtain ateadysignal from the study
animals. Swimming animals can be very low in the water,andome cases, grosipf animals will

swim en mass on their bellies when traveliBpth behaviors reduce the probability of detection.

External tag loss may have contributed to the monitoring efficidnayto a much lesser degregags

were regularly detected at the beginning of the stiidlysteadily decreased over time during the
monitoring. At the time of capture, the lead veterinarian noted that several of the study animals had bite
wounds on the hind flippers which indicated high intraspecific interaction among otters in this area.
Factors affecting tag retention include animaldwbr, tag placement on the webbing, and whether the

tag was a single hole or double hole punch. In this stueglected to do a single rather than double
flipper punch in applying the tagwven though it is likely that a double hole punch is more secur

(Bodkin pers. com)Because our primary means of monitoring was by aircraft, we were not able to
detect behaviors that would indicate intraspecific interactidrish would result in tag loskut we were

able to discern multiple behaviors such as rgsfioraging, swimming, and groomingroraging activity
occurred throughout thay, with the exception of the deepest waters @igln general, our study

animals used most of the Bay but use patterns varied somewhat by season and reproductivgstatus (p
rearing and territoriality). Females used open water habitat at the mouth of the Bay and coastal habitat
along the south side of the Bay more extensively for pup rearing than the protected waters at the head of
the Bay.

The primary purpose of this study was to identify the health and condition eafiging sea otters in
this area and to be able to monitioe progressiorof the Strep syndrome. Our study animals appeared
to behealthyat capture Weighs and body legths were similar tgea otters captured fhe Kodiak
archipelagq20042005), an areanotlimited byfood resourcg(Doroff pers. obg. Age at first
reproduction may be related to food availability and overall body condition. At capture, all study
animals had subcutaneous fat at the time of surgery indicating a relatively good body cofReétnate
sea otters can begin producing pupg@amg as 2.5 years of agdd@nsonet al.2000;Monson and
DeGange 1995;0n Biela2007). In our study, all female study animals produced at le@spup

during the course of the monitoring period, and some produced as many as three pups. The youngest
age at first reproduction was approximattiyeeyears, and females produced pups every, ygar
average Though the data collection is not frequent enough to identify when a pup may, be tlost
identify dependency periods, it is clear that pups aireggd@orn at a high rate and at a young age in this
population indicating thathe otters in Kachemak Bay armet food stressed



The majority of sea otters recovered ddadugh the Marine Mammal Stranding Network andRkéS

from Kachemak Bay were subaltl male animals (Gilet al.in prep) Of the 44 tagged sea otters in this
study,16 weresubadult malg at the time ofapture andat the close of the stuayly one was missing

(6%). Conversely, 58% of thE2 female otters captured in this study were dead or misgitige close

of the study.Using the collection of carcasses to indicate the most sens#iraent of the population

to this disease may be biased by the habitat used by particular sex andsge alattersas well as

the geographic locations wherestranding volunteers aebleto search and respond to dead or

moribund animals Most of the sea otter carcasses and moribund animals have been recovered along the
Homer Spit and near Mud Bayiotracking data indicate that these areas are primarily used by adult

and subadult male otters. The two study animals that died of disease were older (>10yrs) females who
reared pups during the stutite upper limit for female otters is about 20yradult females may be a

much more sensitive segment of the population to monitor for didmaste frequency of carcass

collection is much reduced for this sex and age class because of the habitat théagbemak Bay

During the 2.75/ea monitoring periogdtheknowncauses of mortalitywere traumaStrep syndrome

and harvest If we assumé¢he sample of otters captaren Kachemak Bay is representativeatifsea

otters living in the study areae wouldexpectthat approximatel$% of the population may die due to
disease7% die as part of the Nativ@rvest, and 2% due to boat strikéswe assesthe overallannual

loss rate for the population, it would result ireage from %6 yr’ (all missing animals assumed to be
alive)to 12%yr™ (all missing animals assumed deaBpcumentednnualadultmortality rates for

areas in the sea otter range that are not food limited are reldtivelgnd rangel%-14% for adult
animalswith slightly higher rates for males than femglg®nson ad DeGange 1995)Study animals

may be missing (undetected) for a variety of reagankiding radiofailure, movement outside the

study area, and undetected mortalifyjhe battery life at implant was targeted for 2 years and we
continued data collectidior up to 2.75v/eas. In that time, we hadne possible radio failuréghough we
were unable to confirmitBecause of the | ack of flipper tag r
radio failure would be very difficult to deteckovement outsid¢he study area is also possible

however, we detected no long range movementsrggularlong absences and returofsstudy animad
from, and returnindo, the intensively monitored arealindetected mortalitywascertainly possibleas
demonstrated by treubsistencéunterwho released the carcass back into the water and the radio was
never heard from again during the study. The only reason we knew this animal had been taken was
becausehe huntebroughtin the external flipper tage the FWSand provide us with the information

The two othestudy animals which wetteunted would have likely gone unreportadundetected One
wasonly known to be part of a subsistence hbetaus¢ he r adi o was tracked to
hunter did not wish to participate in the study and elected to keep the ¢cantgesvided us witlthe
flipper tags, radio transmitter, and theart to examine for lesions). The second unreported study
animalwas found outside of the study area on agillany tracking event; the body wasimped on the
beachwith two other dead otters (all had their pelts removed). There were no reports in the FWS
Marking, Tagging, and Reporting database that fit the description of these takes as part of the legal
harvest. Therecoveries of two dead adult femaleghis study were fortuitous; in both cases found

the study animalbeforethe extreme tidetook themout to seathusrendering them unrecoverable

It is likely that some of our missing female studynaals are dead; radio failure would not likely have
been biased toward female study animals&nél8 missinganimals were femaleln general, females
rearing pups have smaller home ranges sulradult and aduihalesand areherefore less likely to



make longdistancemovaments(Kage 2004, see Fig.&hich provides an indication that our missing
female study animals likely did not leave the study.af@ar sample size of females was small in this
study(n=12), however the survival of this group apaes particularly low(50%), with five animals
missingassumed deaahd one assumed radio faildoe female otters Of the known causes of
mortalityin our study67%are directly human related (boat strike and hanmes{achemak Bay
Similarly, in theKodiak archipelago, human related causes were the highest source of mortality
(Monson and DeGange 1995)Vhile our overall reported or known mortality is not likely significant on
a population level, it is informative and elucidates the ease at whicpantee and undocumented
mortality can occuin this, or likely any otherregion within the populatian
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Legend

D Kachemak Bay study area
Tracklines within study area

Tracklines outside of study area |

Lower Cook Inlet

P"'
Figure 1. The core study area was located in Kachemak Bay, Alaska, and sea otters with VHF radio

transmitters were relocated each week by aircraft. Aretsde of the core study area were searched

intermittently for missing animals. The remote data logger was set up to identify seasonal habitat use
of Mud Bay.
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Sea Otter Group Size
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Figure 2. Group sizes at relocation for 44 sea otters with VHiosa(n=2768high qualityrelocation$.
For all sex and age classes combined, the group size most frequently encountered at the time of each
relocation was O 20 sea otters.

12



100%
90%
80%
70%
60%

50%
1 Missing

B Dead
B Alive

40%

30%

20%

10%

0%

Month of Year

Figure 3. Percentage of sea otters (n=44) in our studich were relocated each monkimoughout

August 2007April 2010.1n 2010, the rate of detection progressively decreased until 66% of the study
animals were missing (radio battery expiration was the assumed cause). At the close of the monitoring
on 03 My 2010, the status was: 9 alive (20%), 6 dead (14%), and 29 missing (66%).
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Figure 4. Cumulative plot of hlgh quallty relocatlons @47 for 32 tagged male otters (2 pups, 16
subadults, 14 adult$jom August 2007April 2010.
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Figure 5. Cumulative plot of high quality relocations @21) for 12 female tagged otters (4 subadults,
8 adults)from August 2007April 2010.
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Figure 6. Cumulatlve plot of hlgh quality relocatlons (89 of tagged adult female sea otters with
dependent pupisom August 2007April 2010.
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; P i T e
Figure 7. Male otters were rarely found anng the south shore of the Bay, with the exception of
established territories for males LCI001, LCIQ2TI1028, LCI030, LCI033, and LCI036. This figure
depicts locations of the tagged males while they were actively territorial (see appendix B for all
relocations).
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Figure 8. Cumulative plot of high quality relocations @25) for foraging sea ottefhigh qualityO 0 . 5
km) of all sex and age classiesm August 2007April 2010.
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APPENDIX A
Seaotter tracking 2002010
The purpose of Appendix A to the Final Rep®MDNITORING SURVIVAL AND MOVEMENT

PATTERNS OFSEA OTTERS(ENHYDRA LUTRIS KENYANIN KACHEMAK BAY, ALASKA AUGUST

2007APRIL 2010is to provide supplemental information on the monitoring methods for VHF
radios which were internally implanted in fresnging sea otters in Kachemak Bay, AlskVe
have provided information on techniques that worked well, those that tried and worked less well,

and detail on data handling over thgranonitoring period.
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Monitoring Equipment
Airplane Type
Aerial tracking was completed by Jose DecreeM@thwind Aviation. From 7/31/G2/21/08,
Oriana Badajos accompanied the flights as the primary data collector. Thereafter, the pilot was
trained to collect data without an observer. During thdriee periods on Beluga Lake, we used
a Bird Dog Cesna_-19) onfloats as the primary raditmacking aircraft. During winter, we used
a Cesndl85 (and later a Cest##6) because flying on amphibious floats was necessary. For six
weeks in the winter of 2007, before the pilot was able to acquire amphibiatss fhe flew the
Bird Dog on wheels at a high elevation to record the presence/absence of mortality signals, but
were unable to fly low and track the signals. Over a long period of tracking study animals, it is
not uncommon to need to use different typkaircraft for monitoring and two common factors
that affect this include periodic aircraft maintenance and threeeseason for landing on fresh
water for float planes. We did not detect a difference in the tracking efficiency between the Bird
Dog onfloats, which has a slow stall speed, and the Cesna 185 or 206 which have a higher stall
speed. This may be in part due to the extensive experience level of the pilot who has been doing
radio telemetry studies for almost 20years.

Skiff-based Tracking

Our skiff-based tracking efforts were minimal during the course of this study. We used an 18
foot rigid-hulled inflatable and a 2fbot Boston Whaler as tracking vessels. We used a single 4
element Yagi antenna (ATS) and an R4000 ATS receiver for ororgt Some techniques for
tracking include mounting the antenna on a long poll for better range (mount it in such a way that
you can easily rotate the direction the antenna is pointing). In thmol8essel, we attached the
antenna to a tripod and exided it as high as possible and saving the tracker from having to hold
the antenna the entire tracking time (there were space limitations on the smaller skiff). If
extensive radio tracking is to be done by skiff, we recommend thaléwkent Yagi anteranare
attached to fixed poles at about 30 degrees on the starboard and port sides of the vessel with high
guality coaxial cables (to reduce interference) to a single radio receiver with a right and left
switch box attachment.

Antennas & Cables

Two 4-elenment Yagi antennas (ATS) were mounted on the airplanes with RG400 coaxial cables
running to a tweway antenna switch box (Telonics). We originally started with RG58 cables
(ATS), but when these cables wore out, we ordered RG400 coaxial cables whicla@oe avi
electronics grade. We found the RG400 coaxial cables to be noticeably more sensitive and
recommend RG400 over the RG58he coaxial cables were replaced approximately eveny yea
when interference increased due to loss of shieldingackgroundnoise levels increased while
radio tracking, ACF50 (Lear Chemical, INCanticorrosion lubricant or DC4 (Dow Corning)
silicone grease was used on the coaxial connectors. We connected the right and left wing cables
through a switch box that allowed ushiear signals from both antenna or right and left
independently.

We tried variousntenna configurations including: horizontal, vertical, and both horizontal and
vertical (with4 antennas, two on each side). A horizontal configuration with the receivthg

tilted down approximately 30° was found to be optimal and also had less wind resistance and
shaking during flight. Having 4 antennas (2 on each side) was found to be counterproductive in
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that it increased the amount of background noise. To competigatgain had to be turned

down and the tagged otters were therefore harder to hear. The vertical configuration worked but
appeared to have a more limited range than the horizontal positioning, and there was also a larger
amaunt of drag during the flight

VHF Receives (Advanced Telemetry Systems)

Our primary monitoring receiver was a R4000 ATS receiver for aerial tracking of study animals.
Because of the long scan time to search through 44 frequencies, we tried using two receivers
scanning at the santiene, but found that the interference from adding a second receiver
diminished the signal strength. We found that using only was receiver was optimal.

We explored the use the newer digR&l500Sfor routine tracking in the aircraft and found it

less @timal than the older style R4000 receivers for the following reasons: the dials on the
R4000 are set up in a better configuration for manual adjustments while radio tracking than the
R4500S, the key pad on the R4500S was cumbersome to adjust on e tiye digital display
required more visual attention to managing the receiver and took time away from observing
otters.

We usel an R4500S receivesis a data loggéo collectpresence/absence data for our study
animals. The system was set up to monitoMinel Bayarea which had high densities of tagged
study animals during the fall and winter months. The set up includedeament folding Yagi
antenna was mounted o &foot pole facing Mud Bay and connected to the receiver with a
RG58 coaxial cabland a test transmitter to ensure data was being captured on the reteever
R4500S performed very well for this purpose.

Global Positioning System

During each radio trackinjght, a handheld Garmin GPSMap 76CS was used with a GA27C

GPS antenna kit. The GPS preserved the trackline of the monitoring effort and each study

animal location was collected as a waypoint and recorded on a data sheet. The GPS antenna kit
wascritcal to recording accurate | ocations of tag
data transfer. This way, the pilot was never waiting for data to be downloaded and had an empty
GPS ready to go when conditions allowed.

SearchEffort Monitoring Strategies
Study Area
The total study area wapproximately\226,421 acres and was searched approximately three
times per week (unless there were aircraftveather delays)From07/3120071 05/03/2010
we completedt31aerial trackimg flights totaling931hours and 125,525 km flown searchiiog
tagged otters.

Missing study animals were searched for with both dedicated and opportunistic flights outside of
the study area on the eastern side of Cook Inlet (n=42) as well as oppiortigigs that

occurred on the western side of Cook Inlet (n=7). The opportunistic flights wereastto the
projectbecauseur pilot was able to leave the receiver scanning when conducting flights for
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other customers Cook Inlet Such opportuistic flights recovere@ dead tagged otter outside
of the study area as well as tagged otters further out towards Cook Inlet than naooddye
searched.In total, 9,421 kilometers of track line outside of the study area were searched.

Monitoring Strategy

The primary purpose of tretudywas to monitor the survival of sea otters in an area that had

been designated as an Unusual Mortality Event (under the Marine Mammal Protection Act;

109h) and to recover any study animals that died during theecofitse study. All routine

radio tracking was done by aircraft and monitoring was initiated as soon as study animals were
released after surgical implantati@ate July 200y and tracking continuethroughO3 May

201Q The target relocation frequencyas/one time per week throughout the effective battery

life of the transmittersFor each location we recorded, date, time, location (GPS
latitude/longitude), group size, location quality, behavior, and reproductive status (pup/no pup
for femal es) . We classified the relative acc
lowqual ity (>0.5 km) and visually confirmed t he
seeing flipper tags or strong pairing of radio signal with animal behavior).

To obtain a weekly location on each study animal required more than one flight per wesk in
study; even with this searaftensity the average relocation was 12 days per study aniwal

the beginning of the tracking week, the frequency of all study animals were loaded into an ATS
(R4000) receiver and each frequency was deleted afteniimalavas located. By deleting those
already found, more effort was given to finding those that need to be detected. The majority of
the tracking was conducted at about 58@. With the exception of territorial males, most study
animals were locateah iopen water habitat (> 1km from shorelindjnd and wave height

appeared to strongly influence signal strength and our ability to locate otters in open water
habitat.

One strategy for monitoring for missing study animals involves bracketing the ragli@hcy in

case there has been some drift in the transmission (or the tracker is using multiple receivers that
have different optimal signals). In our study, we nlid bracket frequenciegje found the

frequencies to be quite stable at the beginninp@study andnly slight shifts in optimal
frequencieat the end as the transmittetteriedbegan to die With a tracking weekly

relocation frequencythere were too many frequencies to listen to éddig with bracketed
frequencies However, on sarches outside our main study area, we dathket for external

searches when listening for missstgdy animals.

Another approach for monitoring for missing animals was to fly the coastline at low tides to
search specifically for mortality signals thadbwid otherwise be covered during the high tide.
Kachemak Bay has extreme tides-f@8t range) and it is possibfer a dudy animal tadie and

have theirsignalbB unavai | abl ed0 dur i n gisdoveghby watedes wh e n
instituted lowtide searches of the study area cdiast when animals were missing. This

resulted in the recovery of two dead otters that otherwise would not have been found at high tide.

Radio-frequency Interference

During 2008, we discovered that there were taggades in our study area using the same VHF
frequencies as the otters. We found that although we had federally approved VHF frequencies
for our study area in Alaska, the Principle Investigators in the crane study used federally
approved frequencies for Calinia (even though many cranes were captured and tagged in
Homer, Alaska). There was no communication between the studies until our pilot tracked a
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crane instead of an otter. The cranes migrated to Alaska in the spring, and returned to California
in the fall. In total, 15 of our 44 tagged sea otters held VHF frequencies that overlapped with
tagged cranes. The crane radios had a pulse rate of 40 bpm (80 bpm mortality) as opposed to the
otters that had a pulse rate of 55 bpm (110 bpm mortality). €lpgdh us to distinguish cranes

from otters, but it was a subtle difference. Behavior and location also helped to distinguish the
two; nevertheless, we did accidentally track cranes during the course of the study. If the crane
researchers accidently traksea otters, we were unaware of it.

We had some interference with a radio tower on a single frequency but did not have any other
problems with radio interference during the course of the study.

Tag retention/loss

Each otter was tagged with a celarmber coded plastic tag in the interdigital space on the hind
flipper. During aerial tracking in year one, we frequently identified the tagged otter by the
presence of the colored tags. By year two and three, many of these tags were noted missing.
Duringthe last 4 months of the study (since 1/1/2010), only 9 of 38 otters had at least one tag
known to be visible. Tag retention depends on multiple factors including animal behavior and
how the tags were applied. At the time of capture, the lead vetenimatied that several of the

study animals had bite wounds on the hind flippers which indicated high intraspecific interaction
among otters in this area. We elected to do a single rather than double flipper punch in applying
the tags.

Aerial vs. Boat Tracking

When the study began in August 2007,averaged 4.6 otters/hour (max 7.6, min 3.3) by aerial
tracking. During the third year of the studwye averagednly 2.5 otters/hour (min 1.9, max 3.0).
Surprisingly, the transmitters were ableébtoadcast for close to three years, as the manufactured
stated life span was only two years.

Minimal boat tracking was conducted during this study, primarily because it was found to be

fairly ineffective (in the recovery of study animals, personnel tand,boat fuel). During the

summer of 2008, study animals were tracked to assess diet (none-omaed while foraging)

and in 2009 to assess tag loss. We tracked otters by boat 4 times and averaiedshdur

(max 1.2, min 0.3)Kachemak Bay pses a unique challengethat the otters utilize a lot of

openwater pace. It was clear that aerial tracking was necessary to be able to assess survival and
aid in the recovery of dead study animals.

Remote Monitoring by Datalogger

Starting on 11/2/22008, we used a R4500S ATS receiver to collect stationary data in Mud Bay,
Kachemak Bay; an area with a high density of tagged sea otterslefn@nt folding Yagi

antenna was mounted o &foot pole facing Mud Bay and connected to the receiver with a

RG58 coaxial cable. On average we heard 22 of 44 tagged otters per month on the Mud Bay
receiver (max 29; min 9). This receiver was patrticularly useful for supplementing the aerial
tracking. In many instances, we would not be able to locate an ottefdarweeks, but the

stationary receiver would have logged its presence in Mud Bay. We therefore knew that the otter
was still alive. The receiver was also in close proximity to a collection beach. A dead tagged
otter washed up on this beach and itstaly signal was picked up by the stati@ry receiver.
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The receiver settings were as follows:

Stationary Data

Fixed Pulse Rate

Scan Type: Pattern Matching
PR1: 55

Tolerance 1: 10

PR2: 110

Tolerance 2: 10

Time Out: 10

Scan Time: 10

Store Rate: 60
Tablenumber(s): 1

Antennas: 1

Reference Frequency Used: Yes
Reference Frequency: 164780
Reference Freq Store Rate: 60
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Data
Our original intent was to use the national database set up by Tim , TUk&S and UC Santa
Cruz( Wil d Sea Ot t er. \Vikadoafbuadsttat obir ABd3t2atilely achased
tracking scheme did not often fit the primarily laip@ised monitoring database structure in
WSOD. This became further complicated as there is only one person who can modify the master
WSOD and he was oftevery busy and unavailable for small changes to the structure. Thus, we
took many aspects of the WSOD amdatel a data structure that more accurately reflected the
data being collected in our studyhe Kachemak Bay sea otter database was set upthsing
same codes as the national database with the intent of importing our data into WSOD when the
data collection was complete.

We used a Garmin GPS to collect raw data, which were then downloaded into Mapsource
(Garmin Ltd.), exported to excel for formatting, and finally imported into the Kachemak Bay sea
otter database (Access). This allowed us to import otter ID, date/time, and Lat/Long without
having to retype the information. The rest of the data collestate tracking datasheet were
entered directlyrito the Access databaseetBiledstepby-stepinstructions on data

downloading and entry are presented below.
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To create weekly summaries in Mapsource:
e Open raw data file and save as:
0 YYYYWeek MM_DD-DD.gdb in the following location:
O:\RESEARCHDataSeaOtteiTrackingWeeklyReports
o0 (example: 2008Week 05 41B.gdb)
e Export mapsource tracks to GIS:
o0 Connect GPS to computer (make sure empty memory for tracks)
o Open ArcMap, need to have MXGPS (ArcMap extension
http://www.mxgeo.com/
0 Open Mapsource
A Send one trackline back to the GPS,
was originally given)
A If you use another title, the GPS will automatically truncate the track
A If you sendmultiple tracks, they will be merged as one
o Go to ArcMap, select the AGPS unito tab
gpso
o Saveas: YYYY_MM_DD.shp
e Preparing waypoint data for export:
0 Use the datasheet. In Mapsource, rename the waypoint number wittethe
number. For example, Otter #19 was heard at the waypoint 001. Rename 001 as
19.
o If you get confused or make a mistake, you can always go back to the raw data
download to track down errors.
0 Sometimes there are more than one otter found at a waypaomlabel the
waypoint with all of the otter numbers, separated by a comma. Example:
01,08,15 (all found in one location)
0 Sometimes there are extraneous waypoints. When you are sure they are
extraneous, delete these so that every waypoint is lalvéledn otter number.

o When finished, use the datasheet to che
mistake.

o Lat/Long needs to be in decimal degrees for the database. If you need to switch
to Degrees Minutes to c opmeferences/pasiion pi | ot 0

tab/select the grid from the pull down menu.
A Lat/Lon hddd.ddddd (for database)
A Lat/ Lon hdddAmm. mmmé (pil ot records
A Datum should always remain WGS84


http://www.mxgeo.com/

Export waypoint data to Excel:
o Start an excel spreadsheet with fbkkowing headings:
A Flight ID, DateTime, Otter, Lat, Long, Comments, Alt
o Copy and paste waypoints from Mapsource, then drag columns into the correct
order
o Format the columns:
0 Select the altitude records that you just pasted.
o Hit Ctrl+F (find & replace)
A Find what : Aifto
A Replace with: (leave blank)
A Select replace all. They should all become numbers
o Lat/Long will all be in one column. Move it to the comments column for

now.
A Go to the | at column, select 01lns
cat egaroy afmtdex hen fALeft o
A Thereshouldbeapapp box called 6function
e Text: select the lat/long cell that you wish to separate
e Num_chars: 9
e Go to the bottom right corner of the cell until you see the +
sign
e Drag the formula down to the rest of tt@umn
e With al/l of the cells highligh
Rightcl i ck and choose Opaste spec
e Paste =values
e Hit Ctrl+F

o Find= ANO
0 Replace= (leave blank)
o Replace all
A Do the same for the Long column, except select
insert/function/text/right
e Num_chars=10
e Also, when you Ctrl+F
o Find= AWO
0 Replace=
o Replace all
A Now you have Lat/Long in separate columns in decimal degrees.
e Example Lat: 59.59534
e Example Long-151.16674
e You can delete the original Lat/Long data that are all in one
cell.
o When moe than one otter was found at a location:
A Insert a new row so that each otter has its own record
A Copy & paste the date/time; lat/long & altitude info
e Sort records by date/time
¢ Now, before records can be entered into the database, you must enter the flight
information in Access
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Importing data into Access Database
Located at: ORESEARCHDataSeaOttéo Se a Ot t er . mdb o
Select the o6formsdé tab. Open the
Go to a new record, put in the flight information
o Date tinme start, date time end, weather, etc
Once the flight info has been entered, record the flight ID number (auto number)
¢ Go back to the excel spreadsheet and enter the flight ID number for the corresponding

Osurveyo

days.
e Select all of the records that you wish to import into the database. Hit Ctrl+C
e Go to the database, (make sure the form is

6tracking6 table.
e Scroll to the very bottom of the table. The last row will be blank.
o Highlight the following cells in the last row: flightlD, date, otterID, Lat, Long,
comments, alt.
o Hit Ctrl+V to paste your records.
A Make sure you are not copying over any other records!!
e Close the table, and open the 6surveyd for
o Go to the flight whos data you are entering. Date, lat/long, otter#, and frequency
should already be listed.
0 You can now enter data off of the datasheet into the form.
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Database/Datasheet codes
e Datasheet codes:
o Date=tracking date

Last seen=date the otter was last located
Otter=otter ID # (344)
Frequency=Radio frequency of tag (1685 mHz)
Alive= Yes/no (Is the otter alive)
Waypt=Waypoint position stored in the GPS
General Location=General description of where the otter was found (i.e. Mud
Bay)
Lat , Long= L albcatibro(ceym=0MGS8d)t t er 6
Tags?=Did the observer see the tags (Yes/No). If yes, observer should circle
which tag they saw in the O60tagso6é col umn
Active?=(A=active; I=Inactive; U=Unknown)
Behav=(F=Foraging; R=Resting; H=Hauled out; S=Swimming; U=Unknown)
Group=Number of otters in group including tagged otter
Pup=(NV=No View; None=Female with no pup; Pup=Female with pup)
Comments=A place for observer to write comments. | keep the pup & crane
status updated each week
Tags=As of capture in August 2007, (A=4f SA=Subadult; J=Juvenile; P=Pup;
M=Male; F=Female). The second line refers to the tag colors on the otter hind
flippers (Right/Left)
¢ To find out the database codes, go to the tables tab and open one of the tables.

o Change to design vieveach field vill have a code description
e Data Entry form (flight data)

o Date/Time start of survey

o Date/Time end of survey

0 Sea, Swell, Wind Direction, Wind Speed, Air Temp: Descriptions are listed on
datasheet
Sky: combo of the CC & precip fields on the datasheet.
Ob<erver: Defaults to Jose Decreeft (JD)
Check?: has the data entry been checked (best if by dif person)
Type of Survey: (Plane, boat, land, etc) It will default to plane

OO0 O0OO0OO0Oo

o O

o O O0OO0Oo

o

O O OO0
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Data Entry form (tracking data):

o You will import the flight ID; date/time; Lat/Long;rEquency; and OtterID as
described above.

o0 Enter the location description

0 Tags= N=no tags seen; 1=1 tag seen; 2=both tags seen; Y=tags seen, but unknown
which one(s)

o0 Active=A, |, or U (same as datasheet)

o Behav=F, R, H, S, U (same as datasheet)

o0 Group=Numbenpf animals (same as datasheet)

o Fix type=Generally going to be O0A6 or o
no visual; and 6T6 for good | ocations.
use O0TO. Il f no visual wtesthamtastagpooon t he
l ocati on, |l use O0AD

0 Age/Sex will appear automatically and does not need to be touched

0 Status=

e | f male, |1 always use O0Yd (Male, wunk
e After many locations, | go back and decide if it was territorial or
notand changeto M6 -{ eoni torial) or O6T6 (t
¢ |If female, then the choices are None, NV, PL, PS, PU (None=Female, no
pup; NV=Female, no view; PL=Female, with large pup; PS=Female with
small pup; PU=Female with pup of unknown size)
o Write any pertinent comments
There is a category in the &é6Trackingd tabl

data, | go back and fill this in. It is the age of the animal at resight. For example, if a pup
was captured and tagged, it will become a subadultaty@ars), ad an adult (>5 years)
later in the study.
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APPENDIX B
Seaotter tracking 2002010
The purpose of Appendix B to the Final RepMDNITORING SURVIVAL AND MOVEMENT
PATTERNS OFSEA OTTERS(ENHYDRA LUTRIS KEXONI) IN KACHEMAK BAY, ALASKA AUGUST
2007-APRIL 2010is to provide supplemental information the high quality locations of individual
study animals which were implanted with VHF radio transmitters and monitored throughout the
study period in Kachemak BayJaska.
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