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9th International Conference on Behavior, Physiology and Genetics of Wildlife, Berlin
Plenary talk “Stress and Disturbance", public/profession presentation, 200 attendees, 2013-09-
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Sampling for temporal patterns in toxicant exposure and physiological health in killer whales.
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Thresholds and Mixtures, meeting April 2013., public/profession presentation, 35 attendees,
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Human Impacts and Wildlife. Public presentation. University of Washington (UW) Club,
Seattle, WA. March 2013., public/profession presentation, 35 attendees, 2013-03-15
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Workgroup. April 2013., public/profession presentation, 25 attendees, 2013-04-24

Pollutants and Poop. Professional presentation. 17th Annual Meeting of the Northwest
Student Chapter of the Society for Marine Mammalogy, Seattle, WA. May 2013. Recipient of
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How scientists use scat (poop) to help save endangered killer whales. Public presentation and
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Toxins, scat, and dogs. Invited Speaker, Ocean Science Career Day at the Seattle Aquarium.
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ADDITIONAL METRICS
Acres of degraded ecosystems
restored as a result of Sea Grant
K-12 Students Reached 1000 activities 0
We have been told countless
times that our research is
used as an example to
describe why the Southern
Resident killer whales are
endangered as well as Puget
Sound stewardship to
students K-12. We estimate
1000+ students are learning
about our Sea Grant funded




research in their classroom.
Resource Managers who use
Ecosystem-Based Approaches to

Curricula Developed 1 Management 0
One interactive booth was
developed for Marine
Mammal Mania at the Seattle
Aquarium. This included a
"test YOUR nose" station
where kids would smell three
mystery scents to see if they
could tell which was whale
scat. We also had
informational coloring sheets
for younger kids, and a
slideshow displaying our
research. Jessica Lundin gave
an Orca Expert talk during
this same event.
HACCP - Number of people
Volunteer Hours 72 with new certifications 0
72 hours time that citizens
volunteered on our research
boat without payment for
their time or services.
Cumulative Clean Marina 0
Program - certifications

PATENTS AND ECONOMIC BENEFITS
| No Benefits Reported This Period
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genes in
killer whale
scat samples.
R/LME-4
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test for killer
whales using
hormone
measure in
scat.
R/LME-4
Fecal DNA
methods for
analysis of
Southern
Resident
killer whale
prey.
R/LME-4
Dataset of
toxin levels
in southern
resident
killer whale
scat samples.
R/LME-4
Nutritional
and
physiologic
stress
measures in
killer whales
for use by
regulatory
agencies to
make
management
decisions
based on
salmon
availability
and stress
from vessel
traffic.
R/LME-4

- 1/31/2014)
Anticipated
(2/1/2014 -
1/31/2015)

Actual (2/1/2013
- 1/31/2014)
Anticipated
(2/1/2014 -
1/31/2015)

Actual (2/1/2013
- 1/31/2014)
Anticipated
(2/1/2014 -
1/31/2015)

Actual (2/1/2013
- 1/31/2014)
Anticipated
(2/1/2014 -
1/31/2015)

NMFS, NOAA, Office of 3
Naval Research

NOAA 1
NOAA, NMFS, and 3
Canadian DFO

HAZARD RESILIENCE IN COASTAL COMMUNITIES

| No Communities Reported This Period

ADDITIONAL MEASURES
| Safe and sustainable seafood




Number of stakeholders modifying practices ~ Number of fishers using new techniques

Actual (2/1/2013 - 1/31/2014) 0 Actual (2/1/2013 - 1/31/2014) 0
Anticipated (2/1/2014 - 1/31/2015) 0 Anticipated (2/1/2014 - 1/31/2015) 0
Sustainable Coastal Development Coastal Ecosystems

Actual (2/1/2013 - 1/31/2014) 0 Actual (2/1/2013 - 1/31/2014) 0
Anticipated (2/1/2014 - 1/31/2015) 0 Anticipated (2/1/2014 - 1/31/2015) 0

The U.S. and Canadian governments are
mandated to protect the endangered

SRKW population, which is also a sentinel
population reflecting the health of

Pacific Northwest marine and estuarine
ecosystems. Our biomonitoring data and
quantitative assessments contributed data to
the workshop between US and

Canadian scientists "Evaluating the Effects
of Salmon Fisheries on Southern

Resident Killer Whales." We will continue to
contribute to the understanding of

how best to allocate resources between
salmon recovery, toxin clean-up, and
regulation of ecotourism to promote recovery
of SRKW and their marine

environment. These data should also prove
useful for monitoring the efficacy of
mitigation efforts in an actionable time frame
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IMPACTS AND ACCOMPLISHMENTS
Title Washington Sea Grant research points to reduced prey as key to resident killer whales’
reproductive losses and failed recovery

Type accomplishment

Description Relevance Endangered southern resident killer whales, the Salish Sea’s peak
predators, suffer low reproduction, forestalling their recovery. To understand and reverse their
decline, researchers and managers must untangle a complex suite of environmental threats
nutritional deficiency amidst declining and erratic salmon runs; vessel disturbance, especially
by whale-watching boats; and the toxic exposures that afflict apex predators in impacted
waters ringed by urban and industrial centers. Response Washington Sea Grant-supported
researchers developed and validated an innovative, noninvasive, highly efficient system of
gathering repeated whale scat samples using boat-borne detection dogs. They used these
samples to measure and monitor, over the long term, individual whales’ nutritional,
physiological, and reproductive condition, including toxicant levels. Results These
measurements point strongly to nutrition — specifically, spring Columbia and summer Fraser
Chinook salmon runs — as key to the orcas’ recovery. They reveal high rates of pregnancy
failure, often mid-gestation when the physiological costs are especially high, and accelerated
releases of persistent organic pollutants from fat tissue in malnourished whales. To save its
cherished killer whales, the region must save its salmon. Toward this end, marine detection
dogs — particularly the celebrated “Tucker” — proved an enormously successful if incidental
outreach vehicle for raising media attention and public concern for the orcas’ plight.

Recap Washington Sea Grant-sponsored research uses scat-detection dogs and long-term
physiological, reproductive, and toxicant monitoring to unravel the mystery of the Salish Sea
orcas’ persistent decline.

Comments Primary Focus Area LME (HCE) State Goals Support conservation and
sustainable use of living marine resources through effective and responsible approaches, tools,
models and information for harvesting wild and cultured stocks and preserving protected
species (HCE, Science).

Related Partners
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Title Fecal finders. How poop sniffing dogs are helping killer whales.

Type Reprint from a Newsletter, Magazine, or Other Periodical (not peer reviewed; see RR
for peer-reviewed reprints) Publication Year 2013 Uploaded File none URL http

//www .theverge.com/2013/10/10/4793118/fecal-finders-how-poop-sniffing-dogs-are-helping-
killer-whales

Abstract An article of our use of scat detection dogs to find whale scat, and how the scat is
helping answer important questions about the recovery of the killer whales.

Citation Jarvus B. Fecal finders. How poop sniffing dogs are helping killer whales. The
Verve (online), 10-10-2013.

Copyright Restrictions + Other Notes

Journal Title none

OTHER DOCUMENTS
| No Documents Reported This Period

LEVERAGED FUNDS
Type influenced Period 2013-05-31 2013-10-18 Amount $1152

Purpose Volunteer hours on research boat. 72 hours at estimated leveraged cost of $16 per
hour.

Source Civilian, unpaid for their time or services.
Type influenced Period 2013-05-31 2013-10-18 Amount $18000

Purpose Use of research boat donated in kind. 15 weeks at estimated leveraged cost of $1200
per week.

Source Civilian
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INTRODUCTION

The Southern Resident killer whale (SRK@¥cinus orca) population is important to the ecology, cultunela
economy of the Pacific Northwest. These top-leaehivores are sentinels for the health of the B&isa,
important in First Nations folklore, and the basisa multi-million dollar tourist industry in Wasfgton state
and British Columbia. They are almost entirely fesliers and represent the southern most populattitiis fish-
eating ecotype in the northeast Pacific Ocean.Sthehern Residents name derives from their late fday
October presence in the inshore waters of Washingtate and British Columbia, commonly known asShksh
Sea. The three SRKW pods, J, K and L, have sligtitfgrent winter distributions. J pod frequents ®alish Sea
more than does K and L pods. While all three ppesid the majority of time during winter off the Higmccoast
from CA to BC, K and L pods tend to spend more tfaréher south than does J pod in winter.

Reproductive maturity in females occurs around d&ry of age, females calve approximately every@aBs and
offspring tend to be born in autumn and winter &Rlk et al 1990). Gestation is 18 months, makivegprior
year’s salmon particularly important to fecundifp(d et al 2005). Maximum fecundity of SRKW occurs
between ages 20-22, increasing quickly during itisé four years after sexual maturity, slowly dagig from age
22 to 39, and then precipitously declining theeaftVard et al. 2009).

The SRKW population was heavily harvested by theaggm industry during much of the 1960’s, with 47
animals removed out of a population that curreimtyudes 80 individuals. The harvest significanthpacted
the reproductive/age structure of the populatiemgiwith their ability to reproductively recoveoin population
declines following harsh years. The populatiomthgperienced an unexplained 20% decline in tlee1880s.
This alarmed the public and scientists alike, satigg that this ecosystem may be unable to sutiiase apex
predators. The SRKW population was listed as ergladgunder Canada’s Species at Risk Act (SARA)én t
late 1990's and under the U.S. Endangered SpeciefESA) in 2005. The National Marine Fisheriesv@ar
published a recovery plan for the SRKW followingitHisting (NMFS, 2008), outlining the followingtee
major proposed threats to this population:

* Reduced prey availability due to precipitous salmon declines, especiallyn@dk salmon

(Oncorhynchus tshawytscha). Many of these salmon populations near the Pugah&region have been
listed as threatened or endangered under the U&ngackd Species Act. The most critical runs apjgear
include the WA and OR coast, Puget Sound, and thenibia and Fraser Rivers, all measured by the West
Coast Vancouver Island (WCVI) Index of the PacBamimon Commission (Ward et al 2009). The Fraser
River run is the largest remaining Chinook mignatio the SRKW population’s home range and comprise
up to 90% of the SRKW diet from June through SeptemiFord et al. 1998; Ford and Ellis, 2006; Hansion
al. 2010). The WCVI Chinook abundance estimatepasdtively correlated with SRKW fecundity (Ward et
al. 2009), while other indices are more stronglyeated with survival (Ward et al. 2012).

» Excessive exposuresto environmental contaminants due to bio-magnification of lipophilic toxicants
up the food chain. Biopsy studies on the SRKW<straported levels of polychlorinated-biphenyls (BRELB
polybrominated-diphenyl-ethers (PBDES), and diatidiphenyl-trichloroethanes (DDTSs) that exceed a
health-effects threshold established for seals(uoh threshold exists for whales) (Krahn et al.72@D09;
Kannan et al. 2000). Exposure to these persistganic pollutants (POPs) has been linked to agafig
deleterious biological impacts, including disruptind/or suppression of the reproductive systeynoitth
dysfunction, and increased risk of infection (Bela al. 1993; Kannan et al. 2000; Lahvis et ad519
Pierce et al. 2008; Subramanian et al. 1987; US,2PB2).

e Disturbance from private and commer cial whale watch boats (i.e. vessel effects). Vessel proximity
and noise have been proposed to directly incresygghplogical stress and/or interfere with foragingssel
traffic grew enormously in the Salish Sea in the [E990s (Koski et al. 2005). In response, NOAA
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introduced new vessel regulations to protect th&\SR in April 2011 (NOAA, 2011), which the
Washington Legislature used to update WA vessellatigns in RCW77.15.740 in 2012
(http://wdfw.wa.gov/conservation/orca/).

Nutritional demands are presumed to be greatesiniter when salmonid prey are more widely dispeaed
smaller in size; SRKW calf survival also appearbédowest in winter. SRKW then transition to sgrand
summer runs of adult Chinook salmon approachingy timouths unique to each run. Our published endecri
data (sampling years 2007-2009) suggest that pmesurned by SRKW during spring, prior to arrivinglie
Salish Sea, may be vital to replenishing nutritloraerves depleted during winter as well as snistgithe
SRKW until the Fraser River Chinook salmon (FR)srpeaks in summer (Ayres et al 2012). We suggéiseed
the interior race of Columbia River early springri@iok run (CR) was particularly important in thiansition.
They have the longest freshwater migration, and tiave among the highest fat content of any achiidok
(Brett 1995; Mesa and Maggie 2006). Consistent thighabove, SRKW were detected twice as frequertliye
Columbia River than would be expected by randormcldased on acoustic recorder detections from-2006
2011 (Hanson et al., in review), with most detewioccurring in early spring.

We have expanded our analyses of endocrine meagpuegsavailability, and vessel effects to incluke four
additional years of sample collection supported\fashington SeaGrant totaling an unprecedented 7-
consecutive year longitudinal analysis (2007-2018)addition, our more recent work evaluates hioesée
combined pressures impact SRKW pregnhancy occurmgasuccess. SRKW have surprisingly few births
relative to the number of non-lactating femalesepiroductive age in this population; only one births
observed during the last two years, and that ¢atf Hefore it ever nursed (CWR 2013). As descrinedw, we
have validated reliable hormone-based pregnandgdtais in the SRKWSs, and show these measures can
reliably discriminate term pregnancies from appamiscarriages.

Our more recent work also includes validated feémeicant measures of PCB and PBDE congeners, daasvel
DDT metabolites (namely, DDE) (in collaboration lvtllOAA NWFSC). Biopsy studies on SRKW toxicant
exposure to Persistent Organic Pollutants (PORshiKet al. 2007, 2009; Kannan et al. 2000) haverexdfa
cross-sectional look at toxicant loads and dematestrextremely high levels in this population. Hweer,
limitations on the ability to acquire frequent sypmsamples, or repeat samples from the same wisle,made it
difficult to test hypotheses predicting increagpdphilic, bio-accumulated POPs in circulation fréeh
metabolism associated with reduced prey availgbiNe addressed this need by developing and vadgla
measures of PCBs, PBDEs and DDTs in SRKW fecal Esgpllected across seasons, pods, and years.

METHODS

Scat detection dogs. SRKW scat samples are located by detection dageett to locate SRKW scat floating on
the water’s surface (Wasser et al. 2004; Rollaral. 2006; Ayres et al 2012). The dog method tyéatreases
our sample size due to their remarkable abilitptate SRKW scats at distances compatible wittiBreeWhale
Wise” guidelines (>200 yards away). The method edsluces sampling bias, and has enormous publ&ahpp
Wind blowing over the scat causes it's scent torateafrom the samples in the shape of a cone.d&teetion
dog rides on the bow of the boat, which is beirigeiir perpendicular to the wind, beginning at 1€ yards
downwind from an area where the whales have jaseted. As the boat approaches the edge of th¢ cuee,
the dog'’s behavior suddenly changes from passaittlpg or standing to alert while leaning way ottee bow of
the boat. This change informs the dog handlertbeboat is entering the “scent cone” emanating fiioe
sample. As the boat passes through the centbedcent cone, where the scent is strongest, théedas
heavily over the windward side of the boat, follogithe strongest scent, informing the handler tectlithe
driver to turn into the wind. Subtle cues by thg @tlow the driver to stay on the scent line utht# sample is
reached. If at any time the boat travels out ofsitent cone, the dog begins to stand and look toaskere the
scent was strongest. The handler would then dinecdlriver to turn 180° and head back into the tscene until
the dog once again alerts the handler it has redet¢he scent.

Fecal DNA and Hormone Measures. SRKW fecal samples were genotyped for species,mmak,and individual
2



identification by NOAA NWFSC (Ford et al 2011). Bébormone metabolites measured include: glucamdi
(GC), thyroid (triiodothyronine, T3), testosterofi@ and progesterone (P4). All hormone metabolitese
extracted using methods described in Wasser @080( 2010). The hormones are all measured inaime s
genotyped samples, allowing us to assess nutriteorthdisturbance stress (based on GC, and T3 statiens)
and pregnancy occurrence and loss (based on P# egnicentrations) over time.

GCs rise quickly in response to poor nutrition @sgichological stressors, mobilizing glucose to feenergy
to deal with the immediate emergency (Sapolsky 20@0). T3 responds oppositely and more slowly to
nutritional stress but not to psychological strdssgeclines in response to persistently poor tioitél
conditions, lowering metabolism to protect the b&rdyn exhausting all its reserves (Douyon and Sobtat,
2002). We correlated T3 and GC with year, Julicte dad Fraser River salmon abundance (based onnAlbst
fishery CPUE).

Pregnancy was diagnosed by temporal changes indP¥# among adult females during their 16-18 month
gestation. We validated these endocrine-basedchaney indicators by demonstrating their unique ebistent
elevation during the SRKW gestation period. Gestetvas confirmed by backdating from the estimaietti b
date of the female’s calf, assessed by approxiagdeof calf at first observation by the CenterViérale
Research. Based on the consistency of these meagitineut exception, we identified apparent pregyan
miscarriages by samples with P4 and T concentmiiothe pregnancy range from genotyped adult fesndiat
failed to give birth in the known gestation peridthese pregnancy success indicators were therateaevith
our physiological and temporal indices of nutriabstress.

Toxicant Measures. PCB and PBDE congeners, as well as metabolitB¥ddf, were measured in the scat
samples using florisil and sulfuric acid clean noeithmodified from EPA methods 3620C and 1614, aeayy
GC-NCI-MS. The limit of quantification ranged frodn008-0.900 ppb for all compounds. Fecal measuees
validated by comparing cumulative concentrationsasfgeners of PCB, PBDE and DDE in blubber (ngpiglli
adjusted) and scat samples (ng/g dry weight) fleersame whale (p<0.01 for all compound classesibiiir
data provided by NOAA NWFSC). The fecal toxicanhcentrations in scat were then correlated with tmalp
changes in nutritional condition using a mixed etffemodel incorporating individual whale as a randaffect,
where log-transformed toxicant level was the depanhdariable and percent of total fish run binn&d quartiles
by year was the independent variable.

Fish and Boat I mpact Analyses. We assessed FR Chinook abundance directly bast gxibion test fishery
CPUE, lagged by 10 days after sample collecticactmunt for the distance between the test fishedy a
geographic location of scat sample collection (Ayeeal 2012). Fish and boat abundance at any jpdiime
was also assessed based on Julian date acrossiyearannual Julian date correspond with the pieafiksh
abundance (Fig 1, top left) and the proportionatéase and decrease in whale watch boats, whidis peid to
late summer (Ayres et al 2012). These measuresdigely compared with temporal changes in T3 @
concentrations, across individuals and pod, arml@algeproductive status for the subset of femaids term
pregnancies versus apparent miscarriages. We atstracted temporal indices of Columbia and Fresesr
Chinook runs (using Chinook abundance changesrgjagveral months before as predictor variabligs; B
that could be correlated with transformed T3 andd@fcentrations alternately as the response. Stepwodel
selection was used to identify significant predictariables at different temporal lags (using Aleask
Information Criterion, AIC).

MAJOR FINDINGS

Fish Impacts. Figure 1 shows the annual variation in CR and i@k from 2003 -2012 (Ward et al 2012).
The strength of these two respective run peakstanihterval length between them partly determivegrtannual
nutritional impacts on SRKW. We use Julian date yar to index the timing and magnitude of thegeaicts,
correlating these variables with SRKW stress andtimn hormone concentrations. This also allowsaus
simultaneously examine boat impacts since Juliagm alao correlates with boat abundance in thetSt#i the
San Juan Islands.



Fraser River Chinook (FRC) salmon abundance (aralemiatch boat activity) slowly begins to increagen
the SRKW first arrive in the Salish Sea. For 6 gaara row, SRKW T3 concentrations show a signific&"
order polynomial trend by Julian date. T3 concditng are the highest when the whales first aiirivibe Haro
Strait in late spring/early summer and then shadplgline (Fig. 1 bottom left) to their lowest les@h the interim
until the Fraser River run peaks. T3 concentrattbes slightly increase again around the time efRR peak.
Given the slower T3 responsiveness, this overdiepasuggests that the SRKW arrive after havisgfied on a
very rich food source outside the Salish Sea (Agted 2012), but then face the challenge of suistgi
themselves until the FR run peaks. Mean T3 conatalrs over this period also vary significantly@s years in
this model. Mean T3 concentrations are lowest @aiitig nutritional stress) when the peak in FR ifistelatively
late and/or low. There was no corresponding efféday-to-day FR CPUE (or pod) on T3, presumalnlg to
the relatively slow responsiveness of T3.
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Figure 1. Columbia River (CR) and Fraser River Chinook Salmon Run abundances plotted by Julian day across
years (top left, from Ward et al 2012). B. Changesin SRKW fecal thyroid hormone (tyriidothyronine, T3) by
Julian date across years (lower left). C. Change in SRKW fecal glucocorticoid (Cort) hormone by Julian date
across years and pods (right).

SRKW GC concentrations are correspondingly higlhsyears and pods at the time of the late spiRigV/S
arrival in Haro Strait, reflecting the relativelyw prey availability at that time. For six yearsaimow,
concentrations of faster responding GCs reach #mital nadir around the same time as the peaR iGHinook
(and whale watch boat) abundances, increasing agaifR Chinook (and boat) abundance decline irfFadl 1
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right and top left). This significant relation ofd&oncentrations to the quadratic of Julian dateyell as
significant interactions with both year and pody Julian date quadratic suggests that GC amadas
influenced by fish than boat abundance across yearpods. Interestingly, the GC pattern in 204einss to be
the “exception that proves the rule” across aké¢hpods. GCs are relatively flat across Juliaa ftatK and L
pod and reverse their shape altogether for J poesd patterns are all consistent with expectatimed-raser
River Chinook abundance was exceptionally highGh12 based on the total area under the curve fanan
Albion CPUE; the peak in Chinook abundance alsawed early and was sustained (see Fig 1, leftFga,
bottom right).

Overall pod differences in GC variation by Juliaredare also noteworthy in (Fig, right). With theeption of
2008, the U-shaped GC pattern observed acrossipatse blunted in J pod compared to K and L, res®r
shape altogether in 2011 and then progressivetgfia in J pod only. The seasonal GC pattern obden/J pod
during 2011 and slightly less so in 2012 and 204§, fact, be more characteristic of a patteqpeeked from
increased boat stress. GCs in J pod during 20id.d@mewhat in 2012) are highest, not lowest, afdla time
when boat abundance is highest and fish-relatedtiootl stress should be lowest. This pod diffee might be
expected since J pod also spends the greatest anfdime in Haro Straits where the majority of Wdavatch
boat pressure occurs. It is also interestingttiiateffect is strongest in 2011, the year immetljgprior to WA
state’s acceptance of the 2011 vessel regulatidadifitations enacted by NOAA, with the GC trend btig
diminishing in J pod during subsequent years.

Finally, temporal indices of Columbia and FraserdRiChinook runs (using Chinook abundance charngesng
several months before as predictor variables; Eitpp left) were correlated with transformed T8 &C
concentrations alternately as the response. Stepnaglel selection was used to identify signifigametdictor
variables at different temporal lags (using Akaskeiformation Criterion, AIC). Both the ColumbiadcaRraser
River time series each indicated GCs to be respgnulbsitively to increased variation in salmon klality over
approximately 50 days (P < 0.02). This positivatiehship might be expected, as a more variablg Ipase
translates to greater nutritional stress. For i@,same patterns emerged across rivers, thougimthecale is
different. Variation in Chinook abundance appearsave the strongest effect on T3 over approxima&gldays
for both the Columbia and Fraser runs (P < 0.08),umnlike the effect estimated for GC, the slopthef
relationship is negative, also consistent withhigeotheses that more variable prey translate tatgreutritional
stress.

Pregnancy Studies. P4 and T concentrations by age-sex class revdabamattern of P4 concentrations
significantly above 2000 ng with T also above 1§0without exception, in reproductive age femalasficmed
to be pregnant. Two other classes of reproductipeefemales also show significantly elevated P4eoinations
above 2000 ng, one with significantly higher P4 @rthan confirmed pregnant females and the othdr Mviver
P4 and T compared to confirmed pregnant femal@sce3hese elevations in the latter two groupspfaductive
age females fall well within the otherwise exclespregnancy range but were not followed by a livén pwe
assume that they represent miscarried pregnan8iame of these may be explained as pseudo-pregsanci
although the temporal infertility effect is the sanmFrom here on, we refer to these apparent niagas simply
as miscarriages. The only other age sex classtioats significantly elevated T concentrationsdiglmales.
However, P4 remains at baseline concentration maes (Fig. 2, top left).

Temporal changes in progesterone (P4) concentsatioring gestation and subsequent lactation oéffafes
confirmed to be pregnant by the presence of a newdltow a significant quadratic pattern of elevgfid and T
during gestation in SRKW feces, with a slight deelas parturition approaches, and a precipitouimneduelow
2000 ng P4 in lactation (Fig. 1, bottom left). Thcentrations show the same temporal pattern, aththe drop
in T during early lactation is somewhat less prigoifs than that observed for P4 (data not showsixteen
females were, in turn, characterized as havinganieges, based on their significantly elevatedjpsterone
concentrations, accompanied with either high orToeoncentrations compared to confirmed pregnangfes.

It is noteworthy that the majority of these miscges likely occurred after the first trimestepoégnancy, based
on their high progesterone concentrations. Whikrarriages are common among female mammals, et t
to occur in the early stages of pregnancy (Wassg¢Barash 1983) making later miscarriages fainyypiatl.



Nutritional stress also appears to be lower dugestation of confirmed pregnant compared to migoagr
females. There was a significant change in T3fasetion of the interaction between pregnancy tgmnfirmed
versus miscarriage) and Julian date'asi@ler quadratic. T3 concentrations increased itk in confirmed
pregnant females, while decreasing in both highlawdl miscarrying females (Fig. 2, top right). ugh
successful pregnancies likely entered winter inmgaratively good nutrition state compared to misiag
pregnancies. Interestingly, this pattern of chamistic of increased nutrition status in latergmancy stages is
common among mammals, in preparation for the hightional demands of lactation (McNab, B. K. 19803
was highest overall in the low T miscarriage feradeg 2, top right).

By contrast, GC concentrations were significantgjhlest overall in the “high T" miscarriage fematew also
increased sharply among those females by Julianadethpared to confirmed pregnant and low T misaagry
females. This further supports a low nutritionretate to the “high T" miscarriage group.
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Figure 2. Pregnancy thresholds based on progesterone (Prog) and testosterone (Test) metabolite concentrations
in SRKW killer whale feces by age-sex class (top left) and across gestation and lactation for females confirmed to
be pregnant by a subsequent live birth (bottom left). Trendsin T3 and GC (Cort) nutrition indices across Julian
date for the confirmed pregnant femal es (Pg-conf) ver sus the females presumed to eventually miscarry [High
Prog females with high or low T (Pg-Hi T and Pg-Lo T), respectively] are also shownin theright hand figure (T3
on top and GC on bottom).

Toxicant | mpacts. We can now reliably measure Persistent OrganiaiRwoits (POPs) in SRKW fecal samples at
levels that correspond to those from blubber biegpérig 3; Lundin, Ylitalo and Wasser, in prep)noed PCB
congeners and DDE show significant corresponden&RKW tissue and blubber (p<0.01; Fig 3).

DDE in scat (Fig 4, top right) are most abundarthenmore southern ranging K and L pods (comparedptod:
p<0.01 and p<0.01, respectively) whereas summed é@@Bentrations (p<0.01 and p<0.01, respectivaiy) a
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PBDE47 are most abundant in the more urban foragjpad compared to K and L pod. Consistent witiolyr

data (Ross et al. 2000), POPs in SRKW scat areekigh adult males and nulliparous adult femalekiacrease
with their respective ages. POPs are lowest in fiesnaith at least one calf but do not increase withtiparous

female age until these females approach reprodustimescence (Fig 4, top left).

Comparions of toxicant levels in blubber and scat samples from the
same whale

Figure 3. Cumulative PCB congeners and 7 27 2
DDE in blubber (ng/g lipid adjusted) and
scat samples (ng/g dry weight) fromthe s .
same whale. (Blubber toxicant levels "
provided by NOAA NWFSC)
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Blubber toxicant level (lipid adjusted, ng/g blubber; log-transformed)

Toxicant levels in scat are expected to reflearalmination of immediate ingestion through prey,mair
excretion of body burden from fat stores, and/oréased excretion from metabolizing fat storehe$¢ bio-
accumulated, lipophilic toxicants. If prey ingestiis the greatest source of excreted toxicanté;daks in scat
would be highest when fish abundance is greatestvauld not vary between whales with the same pese. If
the greatest source of excreted toxicants is aatidfin of expected excretion due to body burdendkieant
pattern in scat would directly reflect the blubb@psy levels. If the greatest source of excréegtants is from
increased excretion of bio-accumulated toxicantindufat metabolism, toxicant levels in scat woh&lpredicted
to increase when prey availability is low. Ourlergdion of 84 scat samples collected from 44 unighales
during 2010, 2011, and 2012 demonstrate that medsaxicant level in the scat statistically cortelt blubber
biopsy levels (p<0.01) and demonstrate an incrigatexicant excretion during the period just attes late
spring arrival of whales in Haro Strait, when FraR&ver Chinook abundance is lowest (Fig 4, bottom)
Correspondingly, the excretion levels of POPs at gecline as fish abundance increases. This alsesponds
to the sharp decline in T3 and rise in GC immetjdtdlowing SRKW arrival in Haro Strait (Fig. 1 ktom left,
and right).

SIGNIFICANCE OF THE RESULTS

The SRKW are still not recovering from their deelin the late 1990’s. Their reproduction remaaws, |
severely impacting recruitment and potential faorery. Some of the greatest challenges facingvesy efforts
have been delineating the relative importance ey pwailability, toxicant exposures, and vessehabaince to
SRKW population declines and particularly to SRK&@gnoductive success. Our initial work addressedeh
issues by using physiological measures to chaiaetehanges in nutritional and psychological strespectively
associated with fish and boat abundance (Ayreb2£112). Since that time, our work continues tovstioat
declining prey abundance most significantly imp&KRW recovery. More recently, we developed rddiab
pregnancy indicators and toxicant measures from\8RkKat, allowing us to better test existing hypstseand to
determine their direct impacts on reproductive sascOur results suggest SRKW are experiencingrhigis of
pregnancy failure, much of which is occurring ardunid-gestation when the physiological cost ofuialis
particularly high. Poor nutrition appears to be amportant cause of the pregnancy failure. Nutnifimpacts
from reduced prey abundance also appear to beasiogerelease of bioaccumulated, lipophilic peesisbrganic
pollutants into SRKW circulation. The combinatidnpoor nutrition and associated increased expdsure
toxicants released into circulation as adiposei¢iss metabolized may be resulting in cumulativpaots on
SRKW population declines, especially through lowlerecruitment realized by reduced pregnancy suctéss
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toxicant component of our study may, in fact, sexse& model for the enigmatic high rate of reprtidedailure
and molar pregnancies reported in the coastal $fatal Bay tribe; the Shoalwater tribe also depérwdily on
marine resources in Puget Sound, are exposeditattg and subject to periodic food shortages (Staly
1999). Finally, for the first time our data als@yide physiological evidence suggesting that winaech boats
may be adding to the cumulative impacts on SRKV@very, with the greatest impacts on J pod, therpost
heavily exposed to whale watch boats during summer.

Cumulative PCB levels by age and sex

Levels of toxicant* by pod
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Figure 4. Cumulative PCB levels by sex and female reproductive status (top left). Level of toxicant class by pod
(topright). Cumulative toxicant level by quartile of annual Fraser River Chinook Run, followed by annual Fraser
River Chinook abundance (Albion CPUE) by quartile (bottom). All data are from 2010-2012 (2013 toxicant
samples are till being run).

STUDENTS SUPPORTED, OUTREACH EFFORTS, AND INFORMATION TRANSFER ACTIVITIES
The funding made available through Washington Sea{Gupported the dissertation research for Jegsiodin,

a doctoral candidate in the Center for Conservaiotogy at the University of Washington (Expected
graduation, fall 2014). This study also suppoKatherine Ayres’ doctoral dissertation (PhD, Ungityr of
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Washington, 2011) and Sara Potter's Master thesjeqs (MS, Evergreen State College, 2013). Weshzen
actively involved in NOAA’s JISAO program, includimmentoring a JISAO Undergraduate Intern for 9 wark
2010, 2011, and 2013. These students were Kelsegm, Rachel Pausch, and Makie Matsumoto-Hervol,
respectively, each with a full page profile inclglindividual research poster and 3-minute intapgtdeo at
http://www.jisao.washington.edu/education/reseagh@ther student interns and team members include
Amanda Phillips, Deborah Giles, Charles Rolsky, dattina van Raay.

This project greatly benefits from the numerougrmships that collaborate with our research effo@ur
Center has a long and respected history of colé&tmor with NOAA NWFSC, WA Department of Fish and
Wildlife, US Fish and Wildlife Service, USGS, Center Whale Research, The Whale Museum, Salish Sea
Marine Naturalists, Canadian Consulate GeneralCtmadian Department of Fisheries and Oceans, Westh
Science Association, JISAO, the Conservation CaRnogram, the University of Washington Departmédnt o
Environmental and Occupational Health Sciencesa@ietwork, and the support of the whale communitysan
Juan Island. We understand that our science dgrirdarm policy decisions if it is communicateddely and in
a timely manner. We actively communicate our regefindings with these groups and organizations, @her
government agencies and legislators involved irptioéection of the SRKW population, their prey, dhe
restoration of the Salish Sea.

We have a very strong publication record in higpaat, peer-reviewed journals. This informatioaésessible
for policy makers to incorporate our findings irithmanagement plans. The longitudinal data deiscribur
SRKW endocrine work up through 2009 has alreadw Ipeblished (Ayres et al 2012) and results thra2@h3
are in preparation and are being made availakpelioy makers. For the past seven years we haxengegular
presentations and attended meetings conductecebiytiale Museum, The Whale Watch Operators Assooiati
the Seattle Aquarium, Pacific Science Center, NOBRA, and many more. We have also established iauptor
communications with the Puget Sound Partnershiy. @2nter’s website and Facebook page receive many
visitors and is updated regularly with current ddtastly, we capitalize heavily on the newsworésis of our
work. Media outlets are a great way to communigaggortant findings to the public and the media nsake
frequent use of our work. In fact, our work withr@letection dog, Tucker, is now arguably world renalue to
the considerable media attention this program dfammarine stewardship.
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