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ABSTRACT
INTRA-ANNUAL CHANGES IN POPULATION PARAMETERS AS IIRDICATORS
OF HUMPBACK WHALE (MEGAPTERA NOVAEANGLIAE)
MIGRATORY BEHAVIOR
by Casey Clark
Many techniques used to study animal migratiohsaor observations of specific

animals, which provide valuable information abadividuals studied but do not capture
population variability. By examining changes irpptation parameters, researchers may
gain a better understanding of migratory behavidmshis study, intra-annual changes in
population parameters were used to study migrdiehaviors of humpback whales off
central California in 2011/2012. Data were comgawéh a historic dataset from
2004/2005. Parameters measured included sex pagignancy rate, mitochondrial DNA
haplotype frequencies and me&fiC ands™N values. Weighted moving averages of the
sex ratio were moderately effective at revealingateons from expected values.
Progesterone assays successfully determined pregimahumpbacks and revealed a
previously undocumented intra-annual decreasedagnancy rate in 2011. Analyses of
mitochondrial DNA haplotype frequencies indicatedajer prevalence of haplotypes
associated with British Columbia and Washingtoa Iatthe year; however, the origin of
these animals was unclear. Stable isotope ratmsed ineffective for measuring a
fasting effect in humpbacks early in the year. €Hectiveness of these parameters for

investigating migratory behaviors varied, but usedonjunction with traditional

methods of study, they may help create a broadéenstanding of animal migrations.
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INTRODUCTION

Species from every major branch of the animal komganigrate. Dingle and
Drake (2007) defined migration as “a seasonal tbfam movement of populations
between regions where conditions are alternatelyrédble or unfavorable (including one
region where breeding occurs).” For animals witireat degree of mobility, these
seasonal movements allow the exploitation of foodalar, sub-polar, or temperate areas
during summer and subsequent movement during wint@reas with more hospitable
climates for reproduction, including sub-tropicatidropical areas (Newton 2003,
Calvertet al. 2009).

Research on animal migrations typically relies beavvations of the movements
of specific animals. Individually identifying chateristics and artificially attached
identifiers (such as leg bands in birds) allow agskers to apply capture-recapture
methodologies and connect separate sightings ofichal animals (Seber 1982, Nichols
1992). The deployment of telemetric tags, usingtstange very high frequency (VHF)
and satellite-based long-range ultra high frequdhidyF) radio transmissions, allows
researchers to track fine-scale animal movemergs (inyanet al. 1959, Kenward 1987,
Fancyet al. 1988). Although these methods are extremely \sdufor gaining a detailed
understanding of the behavior of specific animisy are unlikely to provide results that
encompass the great degree of variability withimahpopulations. Only through
repeated observations of many individual animalkttvse methods begin to accurately
describe populations. Use of such techniques radgdsible for relatively inexpensive

methods like photo-identification, but such repetitrepresents an impractical goal for



telemetric tagging, which is often costly, labateimsive and may be stressful for the
tagged animals.

Situations where traditional methods fail to actelsacapture the migratory
behaviors of an animal population warrant a diifiépproach. Instead, it may be
possible to study the migratory behaviors of a pagoan by measuring seasonal changes
in the demographic and physiological parametes @dpulation. Such investigations
provide minimal information about individual movemsg and behaviors but have the
advantage of providing a larger-scale descriptiomigratory behaviors of a population
of animals.

The humpback whaléegaptera novaeangliae) is an example of an animal
exhibiting migratory behaviors that have not beecusately described by traditional
methods. Studying the migration of marine mamnsathallenging, as these animals
live in an environment that is not easily accesséid that hinders use of many methods
commonly used to study terrestrial migrations. sTikiparticularly true for cetaceans,
which spend the majority of their lives underwat&hus, it is difficult to procure
repeated observations of individual animals anccttalenges of deploying long-term
telemetric tags are greatly increased. For theseals, changes in population
parameters may provide a useful alternative tattcehl methods of study.

Humpback whales undertake the longest migraticamgfmarine mammal, with
some individuals migrating more than 16,000 kmRagmussegt al. 2007). These
whales inhabit every ocean basin (Clapham 199éndipg summers in temperate or

near-polar waters and migrating to low-latitudeaarm the winter for breeding



(Chittleborough 1965, Mackintosh 1965, Dawbin 196B)s assumed that all humpback
whales within a population migrate annually; howeteere is evidence that this may not
be true. Living and stranded (dead) humpback vehadere been regularly observed in
feeding areas during winter, when the populatioexigected to be in the breeding area
(Ingebrigtseret al. 1929, Williamson 1961, Winn 1982, Straley 1990ri€lenseret al.
1992, Claphanet al. 1993, Swinglest al. 1993, Wileyet al. 1995). Researchers have
documented strongly male-biased sex ratios in hatipbreeding areas (Chittleborough
1965, Calambokidist al. 2008), a surprising finding, given that humpbadiales have
an approximate 1:1 sex ratio at birth and in tlesliieg areas (Chittleborough 1965).
During migration, Browret al. (1995) found 2.4 males for each female sampledces&h
researchers explained the apparent overabundamoigiEting males in their study by
suggesting that many females forego the annualatiagr.

For humpback whales, migration to the breeding eagdes a substantial energetic
cost, primarily because they do not feed duringntingration or in the breeding area
(Nishiwaki 1959, Corkeron and Connor 1999). Thigistment is especially great for
females, which incur additional energetic expendguduring pregnancy, birthing and
lactation. Female baleen whales may expend as ami2b% of their annual energy budget
during migration (Lockyer 1981). The costs of mhrction and migration are likely greater
for humpbacks, which lactate for 3 months longantimany other whale species (10.5 to 11
months; Chittleborough 1958, Lockyer 1984).

The great energetic costs of migration create & ¢tade-off between reproduction

and maintenance of body condition for female whalBsese animals often rest for one or



two years between successive pregnancies (Chitdagbh 1965, Dawbin 1966), presumably
using this period to improve their body conditicfdre future reproduction. For non-
reproductive females, the costs of migration likelyweigh the benefits and they may
remain in the feeding area through autumn, winter early spring (hereafter referred to as
the “late season”). Though prey biomass decrehs@sg the late season (Marinowdcal.
1984), reduced competition with other whales wontatease prey availability for animals in
the feeding area during this period.

By examining seasonal changes in the demographiplaysiological parameters of
humpback whale populations, it may be possibleaon more about their migratory
behaviors and to test the hypothesis that someasiforego the annual migration to the
breeding area. Changes in the observed sex radipr@gnancy rate of a humpback
population would provide insight into which segneeat the population are present in the
feeding area at different times of the year. Sanyl examinations of the genetic population
structure would allow for investigations of temgarhanges of foraging habitat use by
different, related groups of whales, or to detbetpgresence of migrants from other
populations. Finally, investigations of intra-aahahanges in the stable isotope ratios of
these whales may reveal important information afesting and foraging behaviors and
provide insight into the factors driving migratanovements.

Ideally, | would have drawn direct comparisonsa@stn observations made in the
feeding season and in the late season; howevéemeat weather and lesser whale densities
made late season studies of humpbacks in the fpadea impractical. The same questions

may instead be addressed by focusing on the mrgrpariods at the beginning and end of



the feeding season. Examining changes in theatexduring the migratory periods is;
however, more complicated than a simple compamgaex ratios during the late and
feeding seasons. Migration in humpback whalesgsegated by age, sex and reproductive
status (Craiget al. 2003). Female humpback whales in the late-stafypsegnancy are the
last to arrive in the breeding area (Nishiwaki 1958wbin 1966, Dawbin 1997, Cragyal.
2003). This contrasts with gray whales, where paeg females return to the breeding area
first (Rice and Wolman 1971). The difference irgratory behaviors is likely due in part to
the energetic costs associated with extended iactet humpback whales. Humpbacks in
the late stages of pregnancy may extend theiristthe feeding area to take advantage of
reduced intra-specific competition for prey andidbumportant energy stores. Thus, it would
be important when examining changes in the sea datiing the migratory periods to
understand the expected fluctuations in pregnaakeygiven this segregated migratory
timing and to compare the pregnancy rate of ferhatapbacks observed in the feeding area
late in the year to those encountered earlierarfélrding season.

The later portion of the feeding season may reptesme especially valuable time
for energy acquisition due to shifts in prey aburadaand availability. Some species of
schooling fish, especially Pacific sardin&argdinops sagax) and northern anchovy
(Engraulis mordax), are most abundant in nearshore waters durisgitheframe
(Monterey commercial landing data from Southweshe&ries Science Center, NMFS).
These fish are rich in energy compared with in\eeee prey such as krill and provide a
valuable prey resource for foraging humpback whidewiset al. 1998, Anthonyet al.

2000).



The prevalence of such shifts in the diet of thekales can be investigated by
examining the stable nitrogen and carbon isotagios in the whales’ skin. Stable
isotope analysis is a powerful tool for understagdiietary patterns, energy flow and
trophic relationships within ecosystems. Carbod @itrogen isotopes, in particular, can
help researchers determine an animal’s foragingweh geographically, temporally and
trophically (Hobson 1999). This method providestdnformation that is integrated over
a period of time, unlike studies of stomach corgewhich only provide information
about what an animal was eating at the time iteodiected (Teiszent al. 1983). The
ratio of the heavy 13C isotope to the more comn®® (hereafter referred to a5°C)
varies geographically and is commonly examinedrtwige information about the area
in which an animal has been foraging. The rati@%fl to 14N (hereafter referred to as
8'°N) increases with increasing trophic level and trafects the relative trophic position
of the animal. Investigations of intra-annual ap@sin carbon and nitrogen stable
isotope ratios might help test the hypothesis dinanals remaining in the feeding area
during the later portion of the feeding seasorfar@ging on higher trophic level prey
than earlier in the year.

Stable isotopes have the potential to provide htsiggo fasting by humpback
whales. Like many other migratory animals, humhbabales undergo extended periods
of fasting and are forced to rely on stored eneeggrves to survive. Fasting animals
often exhibit increased stable nitrogen isotop®@sats they are essentially feeding on
their own tissues, thus they appear to occupy laghigophic position (Hobsaost al.

1993). Although it has been widely demonstratedtiver species, this fasting effect has



not been directly investigated in humpback whalés. measurable fasting effect does
exist for these animals, it could present a soaf@gror for past and future isotopic diet
studies of these whales. Additionally, it woul@yide an opportunity to investigate
whether some individual whales feed during the $&@son, as these whales would be
expected to have a lower proportion of 15N in thissues than whales undergoing
fasting. Detections of non-fasting animals migiticate the presence of non-migrating
animals and would at least challenge the sugge#hiatrall humpbacks fast during the
breeding season. Stable carbon isotope valued thigth help to determine the region in
which these animals had been feeding, providinthéurinformation about their
migratory movements.

The California-Oregon (CA-OR) feeding area is ueiguthe North Pacific in
that it lies on the migratory route of animals framother feeding herd. The southern
British Columbia-Washington (SBC-WA) feeding arsddcated immediately north of
CA-OR. Animals that forage in SBC-WA breed prinham the waters off Mexico and
central America (Calambokidet al. 2008). Thus, humpbacks belonging to the SBC-
WA feeding herd are likely to migrate through CA-@&ly and late in the year. It may
be possible to detect these northerly migrantsxdaynéning the frequency of
mitochondrial DNA (mtDNA) haplotypes. The feedihgrds in the North Pacific are
defined by geographic variation in genetic popolastructure (Bakeat al. 1998, Baker
et al. In Press) thus there are substantial differentéisa haplotype frequencies of

whales from different feeding herds. Increasedgsnce of haplotypes more commonly



associated with SBC-WA than with CA-OR during thigratory periods might indicate
the presence of northerly migrants traveling thfoG#\-OR at these times.

The objectives of this study were to: 1) measueestix ratio of humpback whales
in Monterey Bay and to detect any consistent iatraual trends in this ratio, 2) measure
the pregnancy rate of female humpback whales witonterey Bay and examine intra-
annual variability in pregnancy rate, 3) examirtearannual variability i**C ands**N
values and to investigate the existence of a fgasignal in the early portion of the
feeding season, 4) investigate the presence ofasiftom more northerly feeding areas
migrating through the California-Oregon (CA-OR)deeg area and 5) test whether data
collected from whales within the Monterey Bay regwere representative of the entire
CA-OR feeding area.

| hypothesized that the overall sex ratio of hungibahales in Monterey Bay
would not differ significantly from parity (1:1, M) and that this sex ratio would trend
significantly towards a female majority during timégratory periods. | hypothesized that
the pregnancy rate of humpbacks in Monterey Baylavba significantly greater than
previous reproductive estimates calculated fronndance of calves off CA-OR, 4.1% +
1.8% (mean = SD, Steiger and Calambokidis 2000)tlaadpregnancy rate would be
greatest at the end of the feeding season. | hggted that a fasting signal would be
detectable early in the feeding season, charaetehnth by a significant linear
relationship with Day of Year and greater variapiln 5*°C and3™N values in the early
part of the year. Additionally, | hypothesizedtth@ra-annual variability is**C and

8N would remain consistent across years, with memeded values earlier in the year



and more enriched values toward the end of tharigestason. | hypothesized that
mtDNA haplotypes that are rare in CA-OR, but commop8BC-WA would be more
frequently encountered early and late in the ylean during the middle of the feeding
season, reflecting the seasonal migration of arsrfnrain the SBC-WA feeding herd
through CA-OR. Finally, | hypothesized that stall#ope ratios, the sex ratio and
MtDNA information collected within central Califaenwould be representative of the

greater California-Oregon feeding area.



METHODS

Within the California-Oregon feeding area, my stagga encompassed the
coastal waters off central California, between P8ur (36.31 N, -121.90 W) and Point
Reyes (38.00 N, -123.00 W). This region includemnkérey Bay and the Gulf of the
Farallones and serves as an important foragingfardaumpback whales. This region is
located in a highly productive upwelling systemr{®egton and Chavez 2000). During
spring and summer, southerly winds drive coastalali;ng, bringing cold, nutrient-rich
water to the surface (Hickey 1979). This systemghly productive and supports large
populations of grazers such as pelagic zooplankitahfish (Marinovicet al. 2002).
These grazers include krill of the gen&xgphausia andThysanoessa, Pacific herring
(Clupea harengus pallasi) and northern anchovyefgraulis mordax) (Caillietet al. 1979,
Marinovic et al. 2002), all of which are important prey for humpbadales (Clapharet
al. 1997).

Humpbacks that feed off California and Oregon galhebreed off Mexico and
Central America, with a great degree of interchangrirring between these breeding
areas (Calambokidig al. 2008). This population contains 2,043 individu@arrettaet
al. 2010). Though the study area may not be largaginto be considered
representative of the entire California-Oregon feg@rea, the vagile nature of
humpback whales means that individuals likely mibweughout the feeding area within
a season (J. Calambokidis, pers. corr.), increabimgrobability that samples collected
in central California were representative of theydation. Historical data collected

throughout the CA-OR feeding area were used tahestalidity of this assumption.
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Tissue samples and photographs were collecteddrérB meteZodiac Rigid
Hull Inflatable Boat. Skin and blubber biopsies were obtained frora-flanging whales
using aBarnett RX-150 crossbow and 25-mm Ceta-Dart tips (Ceta-Dart, Gboagen,
Denmark), following the protocol described by Lamiben (1987). Photographs of the
ventral surface of the flukes of individual humpksagvere collected for use in photo-
identification using a Canon EOS 20D or Canon EODigital SLR camera. All
samples and photographs were collected under Natharine Fisheries Service
(NMFS) Permit No. 15271, issued to Dr. James Tvehand San José State University
Institutional Animal Care and Use Committee (IACU&ptocol #937.

Skin and blubber biopsies € 131) were collected from 128 individual whales
during two field seasons: 64 from May-November 28hd 67 from April-July 2012.
Three whales were unintentionally biopsied twicéhmi a given season, two in 2011 and
one in 2012. Sampling was conducted opportunitjcaith the exact timing and
location of sampling determined by weather andcgrdted whale abundance. After
collection, tissue samples were stored in a -8@é€zer pending analysis.

All statistical analyses were conducted using IBRES Statistics (version 20.0,
IBM, 2011) and Arlequin (version 3.5, Excoffier abdcher 2010). Unless otherwise
stated, assumptions for parametric tests were gfetdanalysis. All results are
presented on untransformed data.

Photographs of the ventral surface of humpback evthakes were sent to
Cascadia Research (Olympia, WA) for identificateod matching. Cascadia Research

maintains a database of photo-ID and sighting hystdormation for humpback whales
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in the North Pacific. Fluke photographs colledtethis study were compared with
Cascadia’s catalog. Previously identified whalesenlinked to their individual sighting
histories, whereas animals that had not been prsljigphotographed were given a
unique identifier and added to the catalog. Flplketographs and sighting histories were
used to identify repeat samples of individual whale

A dataset including sex, stable isotope and mtDidfadrom humpback whales
sampled off CA-OR in 2004 and 2005 was used to @enfhe results of this study with
historic observations of animals in this regionistbric data were collected under NMFS
Permits 540-1811 and 774-1714-03.

A 3-mn¥ subsample of skin from each biopsy was sent t€C#tacean
Conservation Genetic Laboratory (CCGL) at the Maltammal Institute, Oregon State
University, for analysis of mtDNA and sex identdton. Multiplex amplification of the
male-specificS'y gene and ZFY/ZFX positive were used to identify lex of individual
sampled whales (Gilscat al. 1998).

Sex ratios, defined as the ratio of males to fem@F) in a population or group
of samples, were calculated for the 2011 and 2@h#8ng periods. Intra-annual trends
in sex ratio were investigated by calculating tkecpntage of samples identified as
female within a given sampling day and examining hloese percentages varied with
Day of Year. A weighted moving average was caledaising the method described by
Krebs (1999), with number of samples as the weanghfiactor. When generating the
weighted moving average, the optimal time-span sedescted such that largest possible

number of samples was used to generate the statigtile still allowing fine-scale
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changes in the average to be observed. Calcutatibtne moving averages were
conducted such that the average was always geddrate at least two sampling days.
For the 2011/2012 data, the moving average spaaddday window. Weighted 95%
confidence intervals were calculated for the weadhhoving average (Krebs 1999).
This process was repeated for data from the hestlaiaset (2004 and 2005). The
weighted moving average for the 2004/2005 datarsgzha 59-day window.

For the purposes of this study, the feeding seasandefined as May through
September. The expected sex ratio during the hegjnmiddle and end of the feeding
season was calculated using information on sexteldifferences in migratory timing
from the literature (Craigt al. 2003). Mean dates of last identification in tmedaling
area were used to determine expected differenaamiimg of arrival in the feeding area
for animals of different sex (male or female), atgss (immature and mature) and
reproductive status (pregnant or non-pregnant)ariiates of first identification in the
breeding area were used to determine expectedatitfes in timing of departure from
the feeding area for these same groups. The eXxwas assumed 1:1 during the time

between migratory periods (Fig. 1).
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Females without calves are the first to leave tleedling area, followed by juveniles
of both sexes, adult males and finally females wélves (Craiget al. 2003). The
expected sex ratio thus was expected to tend toéethale majority early in the year,
become closer to parity with the arrival of thegunites, become male-dominated for a
brief period as adult males arrive in the feedirepaand approach 1:1 as females with
calves reached the feeding area.

Juvenile humpbacks are the first to arrive in treeding area, followed by
females with no calves, adult males and femalels @atves (Craigt al. 2003). The sex
ratio at the beginning of the fall migratory peritais was expected to be 1:1, tend
toward a male majority as females without calvgsaded for the breeding area. This
ratio was then expected to become female domiregediult males migrate to the
breeding area, leaving females in the late stafjpeegnancy as the last whales to depart
the feeding area.

For these calculations, population size was roundej040 animals, half the
individuals in the population were considered tarsure and calving rate was assumed
to be 38% (Nishiwaki 1959, Herman and Antinoja 183&keret al. 1987) . The
expected sex ratio was plotted alongside the wetghtoving averages and 95%
confidence intervals and examined visually. Dewrat of the weighted moving averages
from the expected values were analyzed qualitativel

Blubber progesterone assays were conducted feraile whales sampled in 2011
(n= 31) and a subset of femalesy 10) sampled in 2012. Sighting histories of female

humpbacks sampled in 2012 were examined to comfiaturity status of sampled
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individuals. Female humpbacks previously sight&ti & calf or sighted a minimum of
six years before sampling were classified as sexoature. Seven whales were
classified as adult females and selected for ptegase analysis. The remaining three
individuals were selected haphazardly. The tissueples collected from two females in
2011 contained only small amounts of blubber ancewet analyzed for pregnancy.
Two individuals were sampled twice within a shagtipd (<1 day, 6 days), thus the
second samples were excluded from progesterongsasal

Progesterone assays were conducted on 150mghifeslin the laboratory of Dr.
Nick Kellar at the NMFS Southwest Fisheries ScieGeeater, La Jolla, California. The
blubber was hormone extracted following the methafderegoet al. 2013. The
resulting residue was frozen at -20 °C until anedyzAn enzyme immunoassay was
conducted according to the methods described igolaeal. 2013. The assay was
capable of detecting progesterone concentratiotvggle@ 15 and 500 pg/ml. Samples
with concentrations greater than the upper deteditoit were diluted further and the
assay rerun. Blubber progesterone concentratiens presented in ng progesterone/g of
blubber.

An exact binomial test was used to determine whigtteepregnancy rate of
animals sampled in the early and middle portionthef2011 feeding season (May —
August) differed significantly from the pregnan&te of animals sampled in the later
portion of the feeding season (October — Novemblerear regression analysis was
used to test whether total blubber progesteroneerdrations varied with Day of Year in

pregnant and non-pregnant female humpbacks.
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Laboratory preparation for stable isotope analysis conducted at the NMFS
Southwest Fisheries Science Center in La Jollafd@aia. A subsample of skin of
approximately 10 mg wet mass was separated froiml@apsy and dried for 24 hours in
a VirTis benchtop lyophilizer (SP Industries, Wanster, Pennsylvania, USA). The
dried subsamples were loaded into a Dionex Accidrdolvent Extractor (Thermo
Electron Corporation, Waltham, Massachusetts, US#l)tissue lipids removed using
petroleum ether. After lipid extraction the subpées were further divided and 0.5 to 1.0
mg of skin sealed in a tin capsule. Samples wee sent to the University of Florida,
Gainesville, Stable Isotope Geochemistry Laboratehere they were analyzed &r'C
andd™N by combustion using a Carlo Erba NA 1500 CNS Eetal Analyzer. This
device was linked to a ConFlo Il interface couphath a Finnigan_MAT252 isotope
ratio mass spectrometer (Thermo Electron Corparataltham, Massachussetts, USA).
Vienna Pee Dee Belemnite (VPDB) and atmosphenogein gas were used as reference
materials for these analyses. USGS40 L-glutamdat\aas run through the machine at
regular intervals to calibrate the system. Resud#tee reported as per mille using delta

notation, determined from the equation:

dX = [(RsampLe/Rstanparp) — 1] * 1000

where X is™N or**C and R is the ratio dPN/**N or **C/*°C in the sample and standard.

Precision for these measurements was 0.05% & and 0.1%o fob°N. Means*3C
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andd™N values were calculated for 20Ii< 63) and 2012r(= 66) samples and the
two sampling periods were compared using indepédraienples-tests.

Carbon and nitrogen stable isotope ratios from $asngollected in the early
portion of the feeding season were examined tostiyate the existence of a fasting
signal. Levene’s Tests for Equality of Variancexevused to determine whether the
isotope ratios of samples collected in beginnintheffeeding season (May — June) in
2011 exhibited greater variability than samplesemtéd in the remainder of the feeding
season (July — November). Linear regression aesiy®re conducted to examine the
relationship betweed*C ands™®N and Day of Year in the beginning of the feeding
season (May — June) in 2011 and 2012.

Linear regression analysis was used to examinedit®vands®N varied in
relation to Day of Year in 2011. Samples from 8tisdy were compared with a
historical dataset containirg°C ands™N from samples collected in the study area in
2005 = 27) to investigate whether intra-annual trendsarrbon and nitrogen isotope
ratios were consistent between years. An Anabfs@@ovariance (ANCOVA) was used
to compare the historical isotope data and the 2fat4 from this study to test the
hypothesis that intra-annual trendsStiC and&**N would be consistent between years.
Day of Year was used as a covariate and yeariasdfactor for this analysis. A
significant interaction between Day of Year andrygauld mean that the intra-annual
trends differed among the two years. In this caddijtional linear regressions would be

used to further investigate the trend$fC ands'N within each year.
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Mitochondrial DNA analyses were conducted at theSCCMarine Mammal
Institute, Oregon State University. A sectionlod mtDNA control region approximately
800 base pairs in length was amplified using th@ens light-strand tPro-whale DIp-1.5
and heavy-strand DIp-8G, using the methods of Gaeet al. (2004). A 500 base pair
segment was used to define the haplotypes. Vaasdssments were conducted at each
variable site to confirm haplotype identity.

Individual mitochondrial DNA haplotypes were setztfor investigation of the
occurrence of animals from SBC-WA migrating thro@h-OR in the early and late
portions of the feeding season. These haplotyges shosen for being common in
SBC-WA, but relatively rare in CA-OR. The frequgraf each haplotype in CA-OR was
calculated using pooled 2004/2005 and 2011/2012 alad subtracted from the
frequency of that haplotype in SBC-WA (Balet@l. In Press). Negative values denoted
haplotypes that were more frequently observed irRGIE whereas positive values
represented haplotypes that were more common in\&BC Haplotypes with positive
frequency differences greater than 10% were detwdriaortherly” haplotypes.

Data from both this study (2011/2012= 130) and the historic dataset
(2004/2005n = 124) were used for these analyses. The monthigts of these three
haplotypes were summed, then divided by the tatailver of samples collected in that
month. The resulting value was the percentagetaf monthly samples classified as
northerly haplotypes. Linear regression analysis wsed to examine how this value

changed through the year.
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To examine whether the results of this study migghtonsidered representative
of the entire CA-OR feeding herd, historical datari samples collected off central
California were compared with historical data frdme entire feeding area. For these
analyses, central California was defined as tha between Cambria, CA (~35.5° N) and
Point Arena, CA (~39.0°N). Historical sex raticalge isotope, mtDNA data collected in
central California in 2004 and 2005 were comparét the entire dataset of samples
collected off CA-OR in these years. Significarftetences between the central
California data and the CA-OR data would indichizt the central California data were
not representative of the entire feeding area, @dsenon-significant differences would
indicate the opposite.

Weighted moving averages and weighted 95% confelertervals were
calculated for whales sampled in 2004 and 200®itral California and in the entire
CA-OR feeding area. These values were then plotigether and differences between
the two examined visually. Periods where the 98%fidence intervals overlapped were
treated as similar, whereas periods where confelertervals did not overlap were
interpreted as different.

To test whether the genetic structure of the tvgpores differed, population
pairwise genetic distances were calculated in Anle@nd used to generate pairwise F
statistics (Fst). This allowed the comparisonhef haplotype frequencies from animals
sampled in central California and the entire CA-fe&ding area. The F statistics were

used to generate a p-value (zSE) for this test.
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Meand*3C ands™N values from 2005 were calculated and compareatdsst
central California and CA-OR using independent dastgtests. ANCOVAs were used
to determine whether intra-annual trendsfiC and*>N differed among the two regions
in 2005. For each ANCOVA, the stable isotope ratas the dependent variable, Day of
Year was the covariate and Region (central Califoon CA-OR) was a fixed factor. A
significant interaction between Day of Year and iRegvould indicate that intra-annual

trends ins*C ands™™N differed between central California and CA-ORG05.
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RESULTS

Sex was successfully assigned to 130 tissue sarfrpla 128 individual whales.
Two animals were double-sampled and the secondleasfipach individual was
removed from further analyses. Of the 128 tissuees analyzed, 66 were male and 62
were female. Thus, the overall sex ratio (M:F)asrthe two sampling years was 1.06:1
and was not significantly different from 1:1 (exdatomial test, P = 0.400). Twenty-
nine male and 33 female humpbacks (M:F = 0.88:Xpwampled from May-November
2011, which was not significantly different fromrjpg (exact binomial test, P = 0.352).
Thirty-seven male and 29 female humpbacks (M:F28:1) were sampled from April-
July 2012, which also was not significantly diffetérom 1:1 (exact binomial test, P =
0.195). The historical dataset contained the $&0@nimals sampled in central
California in 2004 (13 males, 17 females, sex ratib76:1) and 26 animals sampled in
this area in 2005 (17 males, 9 females, sex rafid39:1). Neither of these ratios
differed significantly from parity (exact binomitdst, 2004: P = 0.292; 2005: P = 0.084),
though the surplus of males in 2005 neared sigmfte. Thus, pooled historic data from
central California in 2004 and 2005 had a sex ratl®:1, which did not differ
significantly from parity (exact binomial test, F0-344).

Visual assessment of the weighted moving aver&g8611/2012 sex ratio (May —
November) revealed deviations from the expectedatx early (May) and late (October
— November) in the feeding season (Fig. 2). Therago in the early portion of the

feeding season tended towards a male majority, edsahe expected sex ratio was a
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strong female majority. In October and Novemberdéx ratio tended toward a female

majority earlier than predicted by the expectedigal
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Figure 2. Weighted moving average of the sex ratio (solatklline) plotted with

weighted 95% confidence intervals (dashed bladaX) land expected sex ratio
(dashed blue line) for 2011/2012 and 2004/2003id ®tue bars at the
bottom of the figure represent the number of samped to calculate the
weighted moving average. Blue data points (cijalegresent sex ratios of
individual sampling days.

The 2004/2005 moving average covered a shorter apme than the

2011/2012 data, beginning in June and ending ireNter (Fig. 2). Deviations from the

23



expected sex ratio occurred in October and Novembirese years. During these
months, the sex ratio tended toward a male majosityereas the expected value had a
strong female majority.

Pregnancy status was determined for 41 individubliseteen whales were
classified as pregnant, 15 in 2011 and 4 in 2028e animal was biopsied twice in one
day in 2011 and the second sample was removedftrdher analyses. Thus, 14
pregnant whales from 2011 were included for analy3wenty-two whales were
classified as non-pregnant, 16 sampled in 20116asampled in 2012. The pregnancy
status of one individual sampled in 2011 was unablee classified. Its blubber
progesterone concentration was 21.92 ng progeseydubber, greater than the values
associated with non-pregnant animals, but lessvhares typically associated with
pregnant animals.

Mean blubber progesterone concentrations for fernampbacks classified as
pregnant was 129.55 + 14.23 ng progesterone/g bhulolean + SE). Mean blubber
progesterone concentration for mature female hucksbelassified as non-pregnant was
0.28 £ 0.02 ng/g. For female humpbacks of unknavaturity status classified as non-

pregnant, the mean blubber progesterone conceamtnatis 0.26 + 0.03 ng/g (Table 1).
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Table 1. Blubber progesterone concentrations fegmant, non-pregnant mature and
non-pregnant humpback whales of unknown maturéjust Averages are

presented as mean + SE.

Status M. novaeangliae
Pregnant
Average 129.55 + 13.73
Minimum 46.05
Maximum 286.53
n 18
Non-pregnant/mature
Average 0.28 £ 0.02
Minimum 0.23
Maximum 0.32
n 5
Immature and non-pregnant/mature
Average 0.26 £ 0.03
Minimum 0.13
Maximum 0.68
n 16

The pregnancy rate of 61.9% for whales sampleterearly/middle portions of the

feeding season (May — Auguastz 21) was significantly greater (exact binomial t&st

0.003) than the 11% the pregnancy rate for whaegked in the late portion of the

feeding season (October — Novemlver, 9). Neither pregnant nor non-pregnant female

humpbacks exhibited a significant linear relatiopgketween blubber progesterone

concentration and Day of Year in 2011 (Pregnart:0?882, B = 0.002; Non-pregnant:

P = 0.830, R= 0.003).

Stable carbon and nitrogen isotope ratios wereyaadlfor subsamples of skin

from 131 biopsies, 64 from 2011 and 67 from 20T®:0 individuals were sampled

twice within one sampling day, one in May 2011 &melother in July 2012. Meah°C
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andd™N values were calculated for the double sampleseatered into the dataset to
avoid over-representation of those individualsug,Hor these analyses, there were 63
data points in 2011 and 66 in 2012. In 2011, mMe&E)5**C was -17.45 + 0.06 and
meand™N was 12.93 + 0.10. In 2012, mean (+$SEC was -18.14 + 0.07 and mean
8N was 12.42 + 0.15. Bowt>C ands™N were significantly different between the two
years (p < 0.001, P = 0.004).

Levene’s Tests of Equal Variances confirmed thithees'*C nors*N had
unequal variances among the early (May — Junejaad(July — November) portions of
the 2011 feeding season (P = 0.200, P = 0.239)th&té'°C nord'°N exhibited a
significant relationship with Day of Year during®D(P = 0.747, R= 0.004; P = 0.662,
R?=0.007) or 2012 (P = 0.712?R 0.002; P = 0.087, = 0.048).

83C ands™N values increased slightly, but significantly wiblay of Year (P =
0.001, R = 0.156; P < 0.001,%= 0.214; Fig. 3). Historical isotope data frormgées
collected off central California (35.5° N to 39.0°M 2005 0= 27) were entered into an
ANCOVA along with isotope data from the 2011 samglseason of this study. The
interaction term for Year*Day of Year was non-sfignt for the ANCOVA on thé'°C
data (P = 0.075), thus the intra-annual variabifity'*C was similar in 2005 and 2011.
There was a significant interaction&@fN between Year and Day of Year (P = 0.002),
indicating that within-season trends in nitrogestepe ratios were not consistent in 2005
and 2011 (Fig. 4). Additional linear regressiomalgaes were used to examine within-
season variability in stable isotope ratios forhistorical data. Day of Year did not

explain a significant amount of variability in eit5**C (P = 0.789, R= 0.003), 06™N
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(P =0.175, R= 0.072) in 2005 (Fig. 5).
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Mitochondrial DNA haplotypes were determined f80Iiopsy samples. As
with the sex ratio analyses, one sample was nat issentDNA haplotype
determinations and two individuals were biopsiettéwvithin the 2011 sampling season,
thus their duplicate samples were excluded frorth&ranalyses. In total, 128 samples
were used for the following analyses. Eleven dathaplotypes were identified between
the two sampling years (Table 2). Six mtDNA hagpets that were previously found in
whales from this region were not present in samipten either 2011 or 2012 (Baker
al. in press).

Three haplotypes (A+, A- and E7) were more prevaleSBC-WA than in CA-
OR and were identified as “northerly” (Table 3)er&ntage of monthly samples
identified as northerly was plotted for the comloir2904/2005 and 2011/2012 data.
There was a significant positive relationship ba&mwpercentage of monthly samples

identified as northerly and month (P = 0.002 7°0.88; Fig. 6).
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Table 2. mtDNA haplotype frequencies for animalsgied in this study (2011 and 2012)

Year’g':dp;"type A- A+ A4 E1 E5 E6 E2 E3 E10 E13 F1 F2 F6 F3 F4 F8 A3 E4 E7 Total
2011 O 1 0 10 5 0 O 0 1 5 0 30 0 0 0 5 1 1 64
2012 O 1 0 22 0 1 0 4 1 3 0 2® 1 0 0 2 0 1 66

All Years O 2 0 3 5 1 0 4 2 8 0 640 1 0 O 5 1 2 130

Table 3. mtDNA haplotype frequencies for animalmgied in 2004 and 2005 in CA-OR and SBC-WA. D#ifeces in
haplotype frequencies were used to select “nogthldplotypes. Frequencies presented as percentadgplotypes
with frequency differences greater than 10% weasgified as northerly (bolded values).

Haé’é‘ggpe A- A+ E1 E5 E6 E3 EI0E13 F1 F2 F6 F3 F8 A3 E4 E7 Total
SBC-WA 11 18 7 ©O0 2 o0 1 1 o0 1 ©0 O Oo o 8 8 57
Frequency 193 316 123 00 35 00 18 18 00 18 00 00 00 00 13' 14.0

CA-OR 3 9 25 2 3 2 3 5 6 48 3 4 1 6 10 1 131
Frequency 23 69 191 15 23 15 23 38 46 376 23 31 07 46 76 0.7

Frequency .4 247 68 -15 12 -15 -05 -21 -46 -349 -23 -31 -07 -46 64 133
Difference
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It was not clear whether sex ratio in central @aiifa differed from sex ratio of
the CA-OR feeding herd in 2004 (P = 0.053). In®208e central California sex ratio did
not differ significantly from that of the CA-OR féimg herd (P = 0.255).
Visual comparisons of the weighted moving averagésulated for central
California and CA-OR indicated no differences betwéhe two regions (Fig. 7). The

95% confidence intervals of the weighted movingrages overlapped throughout the

year, with one brief exception in early July.
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weighted 95% confidence intervals (dashed lines)
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Population pairwise F statistics indicated that M&Chaplotype frequencies of
central California and CA-OR did not differ sigeidintly (Fst =-0.002, P = 0.715). The
assumption of equal variances was violated fobtfi@ data (Levene’s Test for Equality
of Variances, P = 0.021). Thus, equal varianceg wet assumed for theest for this
variable. Mears**C ands™N values did not differ significantly between cextr
California (P = 0.099) and the entire CA-OR feedamga (P = 0.607) in this year. The
interaction between Region and Day of Year was significant fors**C (P = 0.822) and
8N ANCOVAs (P = 0.519), indicating that intra-anntr@nds ins*3C ands™N values

were similar within central California and acrolks entire CA-OR feeding area in 2005

(Fig. 8).
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DISCUSSION

Sex Ratio and Pregnancy

The sex ratio of humpbacks is nearly 1:1 (parity)ieth and in the feeding areas
(Chittleborough 1965). Repeated observations dé+daminated sex ratios in breeding
areas around the world have led researchers talggiae that female humpbacks may
exhibit different migratory behaviors than malestgmtially shortening or foregoing
migration in some years (Chittleborough 1965, Célekidiset al. 2008). This study
was designed to investigate the same phenomeneramgining intra-annual changes in
the sex ratio of whales in a feeding area off @r@alifornia. Few whales and inclement
weather limited sampling success during winter eardly spring, preventing direct
comparison of the sex ratio between the feedingatedseasons. The focus was shifted,
instead, to the migratory periods in the early kel portions of the feeding season.
Expected values for the sex ratio were calculatexh fthe literature and the observed
variation from these expected values was usedawige evidence for or against the
hypothesis that many female humpbacks remain ifetb@ing area during the late
season.

Intra-annual changes in sex ratios observed sgtidy were generally consistent
with the expected values, though some deviations wiserved early and late in the
feeding season. In the pooled 2011/2012 datassekeatio differed from expected values
in April, tending toward a male majority when a femajority was expected and in

October and November, tending toward a female ntgjaihen parity was expected.
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The deviation from expectations in April occurradidg a period with poor sample size
and with broad confidence intervals. These fachoedikely responsible for the apparent
trend toward a male majority. The data do not; éwav, indicate a strong tendency for a
female majority during the early portion of thede®y season, as expected. It is difficult
to draw firm conclusions due to the degree of ulagety in the estimate of the mean.
The two most likely explanations for the obserwethd are that the changes in the sex
ratio during the early portions of the year werécaptured in the data due to incomplete
sampling, or that these changes did not existo,Alss possible that the first animals
arriving in Monterey Bay were not representativéhaf first animals arriving in the CA-
OR feeding area and that the sex ratio did notcethat of the entire region during the
early portion of the feeding season. For exampthe first animals to arrive in CA-OR
stayed in the waters off southern California footwr three weeks before heading north,
this delay would be enough to allow other migrdatarrive. In this scenario, whales
arriving in central California would likely be ofired sex and age and any sex-related
differences in migratory timing that may have eatsin southern California would no
longer be detectable.

The expected values calculated from the literagpueelicted a female majority at
the end of the feeding season. In the 2011/2012, tee sex ratio tended toward a
female majority, but sooner than expected. Thig have resulted from the expected
values being poorly matched with the observed date expected sex ratio was plotted
such that the first and last expected values codatcwith the first and last observed

values. It is possible that the last observedevdid not represent the end of the
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migratory period and that the animals observedatoer/November were non-migrants
remaining in the feeding area in the late seagdns would explain the observed female
majority in October, despite the expectation tha would not occur until late
November.

The weighted moving average of the 2004/2005 aga was generally similar to
the trends observed in 2011/2012. These datarephgsented June to November, thus
were unlikely to give insight into changes in satia occurring early in the feeding
season. The primary deviation from expected valudése 2004/2005 data occurred
during October and November. In these monthspitreing average of the sex ratio
trended toward a strong male majority, whereaeipected values tended toward a
female majority. This is likely the result of a$er sample size late in the year in
2004/2005, though it is possible that this represamneal effect that is not explained by
our current understanding of humpback whale migrati

It is difficult to draw concrete conclusions frahe data in this study, primarily
due to poor sample coverage and a great degregiability in estimates of sex ratio.
The results from autumn 2011/2012 provided supfooihe hypothesis that some female
whales delay or forego the migration to the feedirgn; however the results from
2004/2005 indicate the opposite. Though thereawations from expected values in
both the contemporary and historic datasets,diffieult to conclude whether they
represent a real effect, or are simply an artibhehcomplete sampling.

The results of the blubber progesterone assaysujye use of this method as a

tool for determining pregnancy status in humpbablales. The most important factor

38



for judging the efficacy of the assay for determgqhhumpback pregnancy was that the
signal needed to be strong enough to clearly diffeate between pregnant and non-
pregnant animals (Kellat al. 2006, Tregcet al. 2013). Only one individual had a
blubber progesterone concentration that was ambgyaad did not allow pregnancy
status to be clearly assigned. Mean concentratibbkibber progesterone for whales
classified as pregnant were, on average, threeoodenagnitude greater than animals
classified as non-pregnant. The differences ig@sterone concentrations among the
two groups were of a similar magnitude to thosesoled in other cetacean species
(Mansouret al. 2002, Kellaret al. 2006, Pereet al. 2011), lending support to the
assertion that this method is appropriate for usbwmpbacks.

The marked decrease in the observed pregnancthratgghout the feeding
season in 2011 was unexpected. Previous studiashgbback whale migration
indicated that pregnant females were the lastaeddor the breeding area (Craigl.
2003), thus it was expected that the pregnancywatad be greatest in the later portion
of the feeding season. The results of this stueseveontrary to this expectation, with the
lesser pregnancy rates late in the year. Theseamnual changes in pregnancy rate
make it difficult to draw conclusions about the @tepregnancy rate of humpback
whales in CA-OR. Thus, it is unclear whether thegpancy rate observed in
October/November 2011 was greater or lesser thpeoctad; however it was apparent
that the majority of female humpbacks were not pagg during these months, as was

predicted in the literature.
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One explanation for the intra-annual changeseamptlegnancy rate is that some of
the animals classified as pregnant during the gaoition of the year were false
positives. It is possible that all mature femaledergo great changes in hormone
concentrations during the breeding season andrbatftereffects of these changes were
captured in the samples collected during the gaottion of the feeding season. This
explanation is implausible for two primary reasah& magnitude of the differences in
blubber progesterone concentrations between prégnamon-pregnant animals were
greater than seasonal changes in hormone congensr@t other cetacean species
(Atkinsonet al. 1999, Robeclet al. 2005), though it is difficult to make comparis@ass
previous researchers measured progesterone caatoemin the blood serum or urine,
not in blubber. The differences between mean @mtegene concentrations of non-
pregnant and pregnant animals in this study wel@aat an order of magnitude greater
than the seasonal differences in captive cetaceaasond, shifts in blubber progesterone
concentration associated with changes in reprodeistatus typically occur over short
time-spans in cetaceans. Most of these shiftsranger days or weeks (Kellat al.

2006), thus it is unlikely that they would be ol in animals observed off CA-OR,
especially in July.

Another explanation for the observed changesegmancy rate within the 2011
feeding season is a change in habitat use orliketl of sampling pregnant whales. If
pregnant females tend to exploit a particular typleabitat or exhibit similar migratory
behaviors, it is possible that changes in pregnaateyin this study reflect actual

movements by these whales. There is evidencétimpback whales use different
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habitats based on sex, age and reproductive siatasmall scale in the breeding area
(Smultea 1994, Craig and Herman 2000, Ersts andribasim 2003). Within the feeding
area, there are indications that female humpbadksdgpendent calves may use slightly
different habitats than other whales (Steiger aalh@bokidis 2000), but otherwise,
habitat stratification or segregation has not hegorted for this species (Robbins 2007).
Further study would be required to determine whepihegnant humpbacks move
together, or exploit different resources and hébii@an non-pregnant animals.

Finally, the observed changes in pregnancy raié&aeflect an actual decrease in
number of pregnant animals across the feeding segSome mammals reabsorb a
fertilized embryo or abort a fetus in responsedordases in serum progesterone
concentrations (Hucét al. 1988). These progesterone concentrations flueinat
response to a number of factors including illnaeg® and nutritional stress. It is possible
that humpback whales use a previously undocumesfgdductive strategy, in which the
majority of mature females become pregnant dullegareeding season, but only whales
in optimal body condition carry the pregnancy tarte This strategy would be
energetically favorable, as environmental varifpiinakes it impossible for female
humpbacks to predict resource availability in tbening year. Pregnancy may act as an
insurance policy, giving humpbacks the option teeha calf in good years, thereby
allowing them to skip reproduction in years wheeréhare decreased food resources.
The costs of the first months of pregnancy ardixaly small, especially when compared

with the costs of lactation and care of young (Lyark1984). It follows, then, that many
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female humpbacks might become pregnant in the brgedea, but that relatively few of
these animals carry their pregnancy to term.

If humpbacks were using this reproductive stratégyh rates would be expected
to vary from year to year, based on the environalerinditions of the previous year.
Further study is required to confirm a connectietween environmental conditions and
birth rate, but there does appear to be a greatdey inter-annual variability in the
reproductive rates of these whales (Steiger andrmitabkidis 2000). Other animal
species, especially seabirds, use such reproduatismserance policies” (Forbes 1990).
The use of such a strategy might help to explaiy mmpbacks have recovered from
commercial whaling at a much greater rate thanrdénge whale species (Zerbwtial.
2010).

The results of this study do not support the hypsiththat blubber progesterone
concentrations of humpback whales increase thraugh@gnancy, as in other mammal
species (Ishwar 1995, Spencer and Bazer 2002} fiflding is in agreement with the
conclusions reached by other researchers, who steghthat progesterone
concentrations remain relatively constant in pregicataceans (Corned al. 1987,
Robeck 1996), but this study is among the firsht@stigate this question using blubber
samples and the only one to do so in a baleen whale

Only one animal was unable to be classified agnaet or non-pregnant. This
sample had a blubber progesterone concentrati@dth.8f ng/g, falling between the
values associated with pregnant and non-pregnamiaésr There are a number of

possible explanations for this value. It is pokesthat this animal was pregnant and
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exhibiting low progesterone values, as has beeareed in sick and nutritionally
stressed animals (Williams and Cumming 1982, Sugfilab 1991, McAndrewst al.
1994). Some lipids may have been lost during sarpmparation and processing,
resulting in an observed progesterone concentréti@nwas less than typically
associated with pregnant animals (N. Kellar pess..x Finally, these intermediate
progesterone levels might be associated with amalrthat was sampled just as it was
beginning or terminating a pregnancy (Kektal. 2006), though the latter seems more
likely given that the sample was collected in Augus

Alternatively, this animal may not have been pagnbut may have been
exhibiting elevated progesterone levels for anotbason. Researchers have observed
increases in progesterone levels associated witHertile ovulation (Broolet al. 2004)
and pseudo-pregnancy (Robettlal. 2001). These phenomena increase progesterone
concentrations in animal tissues, though typicadiyto the levels associated with
pregnant animals. It remains unclear why the ahgampled in this study exhibited
intermediate levels of blubber progesterone comagah, but the possible phenomena

responsible for this anomalous value merit furiheestigation.

Fasting Effect and Trends in Sable Isotope Ratios

Stable isotope ratios are a valuable tool forwhglanimal migratory

movements, especially for animals that move gressdidces or for which attachment of a

telemetric tag is impractical (Grahaetal. 2010). Studying isotope data is, in many
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ways, similar to studying data from a tag. Botththmés provide information about an
animal’'s movements and indicate the regions in ke animal has likely foraged
(Hobson 1999, Hobson 2010). Laboratory and fialdies have recently established the
utility of stable isotope analysis as a tool fardsting fasting and nutritional stress in
animals (Hobsosmt al. 1993, Chereét al. 2005b). The effects of fasting and nutritional
stress have been primarily observed’iiN values (Haret al. 1991, Habrart al. 2010),
though some researchers reported chang&sanin response to these factors (Hagch
al. 1995, Boaget al. 2006, McCue and Pollock 2008). Whole badyN is predicted to
increase with increasing duration of fasting oriohal stress (Martinez del Rio and
Wolf 2005), resulting from the preferential retemtiof >N during amino acid and protein
synthesis (Steele and Daniel 1978). Changé&’@ are more difficult to predict, with
some organisms exhibiting enriched values as dtrafsiasting (Oelbermann and Scheu
2002, Doiet al. 2007) and others having more depleted values (Ses&seggest al.
2004).

Tissue samples from humpback whales returningtdral California early in the
year in 2011 and 2012 did not show evidence ofrfgstlf a detectable fasting effect
existed, variability ir5*°N and/or3**C would be expected to be greater early in the, year
reflecting the staggered arrival of whales in theding area. Samples from this period
would contain a mix of feeding and fasting anim#isis isotope ratios would be
expected to be more variable than later in the yén all animals had been feeding.
Animals sampled early in the feeding season in 20d hot exhibit increased variability

in stable isotope ratios. By definition, a fasteftect would cause changessiiN
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and/ors*3C values in the tissue. Regardless of the direaifdhese changes, the isotope
ratios would return to levels indicative of foragjmesulting in a relationship between
isotope ratios and Day of Year. Neitl3™N nor§*°C had a significant relationship with
Day of Year during the early portion of the feedsgason in 2011 or 2012, indicating
that a fasting effect did not exist or was not destiele.

A number of confounding factors make it difficudtdraw conclusions from the
results of these analyses. The foremost of thes&tions is that it was not possible to
obtain repeat samples from individual animals,astheen done in previous studies of
fasting effects (Hobsoet al. 1993, Chereét al. 2005b). This means that the fasting
signal would need to be pronounced enough to lectitle through the variability in
stable isotope signals in the population. Thers avgreat degree of variability in isotope
ratios of humpback whales sampled in this studys einfasting signal would likely be
difficult or impossible to detect. Studies in kipgnguins Aptenodytes patagonicus) and
Nile Tilapia (Oreochromus niloticus) indicated the effect of fasting &i°N was
observable and significant, but that the magnitfdéis effect was small (< 1%o ; Cherel
et al. 2005a, Gaye-Siesseggatial. 2007). Both linear regressions and the Levehe&
of Equal Variances used in this study would havicdity detecting a small effect size,
given the great degree of variability among indizats.

Additionally, these analyses may be limited by rlatively rapid turnover rate
of humpback whale skin. Turnover rates are a nreasfthow quickly the tissue of
interest is regenerated and replaced and the $pganeodescribed by an isotope ratio

depends directly on this value (Tiesztml. 1983). Some tissues, such as blood, turn
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over quickly (0.9 days, Hobson and Clark 1992) areduseful for studying short-term
changes in isotope ratios. Other tissues take nwunger to turn over or become
metabolically inert and do not turn over at alyshare useful for studying long-term diet
of an animal (Schebt al. 1989). Stable isotope ratios in humpback whale sipresent
the animal’s diet for the past two weeks to one tim@hodd 1997). If the whales fasted
for the duration of the breeding season, but bégating on the migration two weeks or
a month before they were sampled in Monterey Bagir tissues would reflect the recent
feeding. Any fasting signal that was present girtlissues upon leaving the breeding
area would then be removed, making detection implaess

Alternatively, humpback whales may not exhibit eféeof fasting in the stable
isotope ratios of their tissues. The enrichmer®'df values as a result of nutritional
stress is a direct result of protein catabolizatiothin the fasting animal; however, the
oxidation of lipids does not produce the same respgMartinez del Rio and Wolf 2005,
Hatch 2012). Animals such as humpback whalesréiaprimarily on energy stored in
fat reserves during fasting periods might not sleffects of the annual fast in their
tissues. Thus, the lack of an observable fastifegten this study may be an indication
that humpbacks generally do not exhaust theirtéaes during the annual migration and
fasting period.

Changes i**C as a result of fasting are poorly understoocbaspared with
changes in nitrogen stable isotope signaturegrdwmious studies, some species exhibited
increased’*C values after fasting (Doucettal. 1999, Doiet al. 2007, McCue and

Pollock 2008), whereas others had no responsecveaed*C values (Hobsoat al.
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1993, Focken 2001, Kempstral. 2007, Williamset al. 2007). The&**C values in the
skin of humpbacks sampled as part of this studyndidvary significantly with time
during the early portion of the feeding season,cdithey exhibit increased variability
during this time. In 2011; however, all of the mdspleteds**C values occurred within
the early portion of the feeding season (Fig.IB)s unclear whether this is a byproduct
of fasting, changes in diet, or random chance alone

If a fasting effect did exist and was detectabbleould potentially be used as a
tool for detecting non-migratory whales. Such Haat of fasting would be expected to
cause consistent changes in the ratias & and/ors™N. Animals that had shortened or
foregone the annual migration to the breeding a@ad likely have been feeding; thus,
their tissues would not show signs of fasting. &epng on the magnitude of the fasting
effect, thes&'*C and/ors™N in the tissues of these animals might appeaemdifft from
animals that had recently returned from the bregdnea, allowing the non-migratory
individuals to be identified. As there was no dedble fasting effect in the tissues of
animals sampled for this study; however, this mettauld not be used.

Trends in5**C and3*°N were consistent with the hypothesis that the afiet
humpback whales sampled for this study shifted tde/aigher trophic-level prey later in
the feeding season. The magnitude of these chavagaot as great as would be
expected for a complete step up in trophic lev8t4%, Peterson and Fry 1987); thus,
these results may reflect a partial shift fromet donsisting of krill to a larger proportion
of higher trophic level prey (e.g. fishes). Altatively, the changes observed in the tissue

of humpback whales could have resulted from seastifés in baseliné**C ands'°N
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during the sampling period associated with envirental forces such as upwelling or
changes at the base of the food web (Goesiaty 1990). The relationship betweghiC
and Day of Year was similar in 2005 and 2011, wagteat 06N and Day of Year
varied between those two years. Analyses would eéclude a greater number of
years before concrete conclusions could be dragerdéeng the consistency of intra-

annual trends i6**C and8™N through time.

Investigating the Presence of Northerly Migrantsin CA-OR

The CA-OR feeding area is unique in that it isahéy feeding area in the North
Pacific that is likely to lie directly on the migaay route of whales from an adjacent
feeding herd. North America’s coastline is shajpeslich a way that the shortest path for
animals migrating to SBC-WA from Mexico is directlyyough CA-OR. Therefore, it
would be expected that migrants from the SBC-WAliieg herd could be observed in
CA-OR during the migratory periods at the beginramg end of the feeding season,
though this has not been demonstrated.

The presence of animals with mtDNA haplotypes #natrare in CA-OR, but
common in SBC-WA may be useful as a tool for inigeging the presence of these
northerly migrants. Analyses of the proportiomoftherly haplotypes present in CA-OR
throughout the feeding season revealed a muchegreatportion of these animals at the
end of the feeding season in October and Novemdersuch increase was observed

early in the feeding season, contrary to expegatatiorhis is likely a result of incomplete
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sampling during the early months, which may hal@add these animals to move
through CA-OR unsampled. An alternative hypothesthat northerly migrants travel
farther offshore or are more difficult to sampleidg the early portion of the feeding
season.

Sighting histories were available for five indivas with northerly mtDNA
haplotypes. None of these animals were seen gr é&tleding areas, including SBC-WA,
however, this is likely due to greater samplingaffn CA-OR than in SBC-WA. Two
of these whales were only observed in CA-OR lathénfeeding season (October and
November), whereas the remaining three had all been during the middle of the
feeding season (late June — August). These meswdts make it difficult to draw
conclusions, especially given the small sample size

The presence of northerly migrants in CA-OR, thonghunexpected, has the
potential to impact research, conservation and gemant of humpbacks in both CA-
OR and SBC-WA. Studies of humpback whales in CAd@&unlikely to consider the
presence of migrants from other feeding areas.s,Jéstimates of abundance for CA-OR
generated from surveys conducted early and lateeilyear may be artificially inflated.
Additionally, analyses of genetic stock structurgynmclude whales from other regions,
leading to decreased estimates of differentiatranrag feeding herds. Similarly,
management plans are unlikely to take into accthentise of the CA-OR habitat by
whales from SBC-WA, which could lead to impropeireffective management of this

endangered species.
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Applicability of Results to CA-OR Feeding Herd

Humpback whales in the North Pacific have hisalhcbeen managed as a single
stock (Donovan 1991). Contemporary research; hewéas used photo-ID records and
genetic analyses to investigate and characterizgmups, referred to as “feeding herds”
within the North Pacific basin (Baketal. 1990, Palumbi and Baker 1994, Bakeal.
1998). Sighting histories and tests of genetiateginess have led researchers to
hypothesize that the individuals within these fagdierds are genetically and
behaviorally similar. Moreover, the great degréeobility exhibited by these whales
allows them relatively easy access to all parthefarea in which they feed. Thus, data
collected from animals sampled in one region offéseling area are hypothesized to be
representative of the entire feeding herd to whingdy belong.

To test this hypothesis, data collected from whabeapled in the waters off
central California (35.5° N — 39.0° N) were comphweth data collected within the
entire CA-OR feeding area (32.5° N — 42.0° N). dfaaters used for this comparison
included sex ratio, meat°C andd*N values and mtDNA haplotype frequencies.

Many species of marine mammal exhibit sex segeelgaabitat use. Some of
these species, such as sperm wh&tagséter macrocephalus) exhibit strong segregation
over large spatial scales (Rice 1989). Other sgdtave sex related differences in
habitat use that occur over a smaller scale. kamele, grey seal$d@lichoerus grypus)
exhibit sex segregation just before and after brggavith males primarily using areas

along the shelf break and females occupying habwtet the shelf (Breeet al. 2006).
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Humpback whales do not segregate by sex withifieb@ing areas, thus it was not
unexpected that the sex ratio of animals sampledeoitral California in 2004 and 2005
did not differ from that of the entire CA-OR feediherd. Both the overall sex ratio and
the intra-annual changes in the observed sexwadre similar between the two regions.

It is worth noting that the weighted moving averafiéghe sex ratio for 2004/2005
from all of CA-OR, had greater temporal coveragmtthe data that was available from
central California, spanning the months of May -®waber. The moving average for
this larger dataset tended to follow the expectddas more closely than the values from
only central California. This serves to highlighé importance of greater temporal
coverage and sample size when conducting thesgsasal

The factors driving patterns &°C ands**N are more complex than those
affecting the sex ratio. Stable carbon isotopgeg@abserved in animal tissue are heavily
influenced by the primary producers at the bottdrtne food web in which the animal
has foraged (Graham 2010). Phytoplankton commasiénd to differ greatly among
coastal and offshore habitats aftdC commonly decreases with increasing distance from
shore (Graham 2010). Stable isotope data colldobed whales off central California
would, therefore, be expected to be similar to aigres from samples collected across
the CA-OR feeding area. This would not hold tfugnimals in central California, as a
whole, tended to forage at a different distancenfetore than animals in other portions
of the CA-OR feeding area. There is; however, vidence to suggest that this is the
case and the meah’C values observed in this study were similar tséhof the entire

CA-OR feeding herd.

51



Stable nitrogen isotope ratios exhibit a positelationship with latitude (Graham
et al. 2010). As central California lies close to thegmphic center of the CA-OR
feeding area, it is likely that°N values from samples collected in this area wdield
close to the mean 6f°N values for the entire region. Howev&rN also is influenced
by the trophic level at which the sampled anima been foraging (Hobson 1999).
Therefore, a difference in the me#niN values of humpbacks sampled off central
California from the entire CA-OR feeding area comldicate a difference in diet among
animals inside and outside of central Califorrfdne year 2005 was the only one in the
historical dataset with enough samples inside ansiade of central California to make a
strong comparison. In this year, the m&&i values in central California and CA-OR
were similar, supporting the conclusion that samptalected within the smaller area
were representative of the greater feeding area.

Whereas mead°C ands™N values might be expected to be similar within
central California and CA-OR, finer scale procesaesh as intra-annual trends in isotope
ratios were more difficult to predict. Such trerale driven by more complex, smaller-
scale processes such as upwelling, which affectargi producer community
composition and growth rates (Grahanal. 2010). Though CA-OR is, as a whole,
subject to many of the same environmental driviarg¢-scale weather and
oceanographic patterns, day length and other sebfsmtors), it is possible that the
highly variable local factors might cause intra-sa@lnchanges in stable isotope ratios to
vary geographically. In 2005, these intra-annteaids did not differ significantly

between central California and CA-OR for eitB&IC or§™N. The analyses contained in
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this study were limited, in that only one year wsampled completely enough to examine
these intra-annual shifts both within central Gahia and CA-OR as a whole. These
results; however, provide evidence that, at leasbime years, the seasonal trends 16
andd™N measured in central California are representati@A-OR as a whole.

The mtDNA haplotype frequencies did not differrsfigantly among central
California and the entire CA-OR feeding area, altdbat matches expectations. The
current delineations of the feeding herds in thetiNBacific were created through
analyses of microsatellite and mitochondrial DNAakBret al. 1998). It would have
been surprising if the genetic structure of humpbauff central California differed
greatly from that of the greater CA-OR feeding herd

While not unexpected, these results provide stemdence that samples
collected within central California are representabf the CA-OR feeding area. This, in
turn, supports the assertion that conclusions dfasvn this study are relevant to the

feeding area as a whole and not only to animalgpkainn central California.

Conclusions

A variety of population parameters were evaluatedie as tools for studying
migratory behavior in humpback whales. Analysesw&-annual changes in these
parameters yielded mixed results, with some pammm@roving more effective as tools
for examining migratory behavior than others. &0 and accompanying pregnancy

rate information proved moderately effective intcang sex-related differences in
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migratory timing of humpback whales in CA-OR. Tdreat degree of variability
inherent ind*C ands™N values of humpback whales made it difficult tawlrconcrete
conclusions from analyses of isotope data, thug wet particularly effective as tools for
assessing migratory behavior at the populationl.leMitochondrial DNA haplotype
frequencies proved useful for distinguishing spegfoups of animals that were likely
from a separate population, though distinguishielgveen migrants from outside
populations and individuals from within the popidatthat have rare mtDNA haplotypes
was difficult or impossible.

Taken together, these parameters may help to r@idore complete
description of the migratory behaviors of the papioh of humpback whales that feed
off CA-OR. These tools do not provide particuladttailed information, nor do they
give any indication of the behaviors of specifidiinduals. If used in tandem with more
traditional methods of study; however, these pataradiave the potential to provide a

much more comprehensive understanding of humpbaelkesmigratory behaviors.
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