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ABSTRACT OF THE THESIS

Vibrissae growth rates and foraging and migration patterns for juvenile male northern
fur seals (Callorhinus ursinus) from St. Paul Island, Alaska determined with stable
isotope analysis

by

Christina Susan Kelleher
Master of Science in Biology
University of California, San Diego, 2016

Professor Carolyn Kurle, Chair

The causes of recent declines of the population of northern fur seals
(Callorhinus ursinus) on the Pribilof Islands, Alaska are unknown. Estimations of
northern fur seal migratory patterns could lead to understanding the reasons for their
decline. A method used to reconstruct marine vertebrate foraging and movement

patterns is stable isotope analysis of animal tissues. I analyzed the stable carbon (6'°C)

ix



and nitrogen (6'°N) isotope values at intervals along entire vibrissae collected from 8,
known age (2, 3, and 4 year-old), juvenile male northern fur seals from St. Paul Island,
Alaska. I determined vibrissae growth rates to match stable isotope patterns to specific
time periods in the animals' lives. I also analyzed the §'*C and 5'°N values of the
segments from the longest and shorter vibrissae from the same individuals (n=3) to
determine if equivalent data were reflected in both sizes, saving resources. The mean
vibrissae growth rate (£SD) per month for juvenile males of all ages was 3.2 + 1.1
mm/month. When separated by age category, the average vibrissae growth rate per
month for the first year of life (3.6 £ 0.9 mm/month) was faster than 1-4 year-olds (3.0
+ 1.1 mm/month). I found annual oscillations in the 6'*C and §'°N values, indicating
that juvenile male fur seals are traveling south during the non-breeding season and
returning every year to the Pribilof Islands. The ¢'*C oscillations seem to provide a
more accurate representation of variations in foraging location over time than the 6'°N
values. Shorter vibrissae matched the isotopic values of the longest vibrissae

indicating full analysis of the longest whisker is unnecessary.



INTRODUCTION

Northern fur seals (Callorhinus ursinus) on the Pribilof Islands, Alaska (Figure
1), have been declining for over 55 years, for a variety of reasons, the most recent of
which are unknown (Towell et al. 2006; Testa 2013; Towell et al. 2014). The
population dropped by 60% from 1958 until 1980 (Testa 2013), largely due to
commercial and scientific harvesting, then there was a period of population stability
until 1998 when numbers continued to steadily decline (Towell et al. 2006; Testa
2013; Towell et al. 2014). As over half of the world’s northern fur seal population
resides on the Pribilof Islands during the breeding season, it is especially important to
understand potential reasons for their failure to recover.

Northern fur seals spend approximately 5 months (mid-June to mid-November)
based on land during the breeding season, and the rest of their year is spent in the open
ocean (Gentry 1998; Testa 2013). During this pelagic, winter migration phase, the
southern boundary of the northern fur seal range extends across the Pacific Ocean,
between southern California and the Okhotsk Sea and Honshu Island, Japan, whereas
the northern boundary is to the Bering Sea and the North Pacific Ocean (Kajimura
1984; Perez and Bigg 1986; Ragen and Dayton 1990; Goebel et al. 1991; Kiyota et al.
1992; Ragen et al. 1995; Loughlin et al. 1999; Baba et al. 2000; Robson et al. 2004).
Year round, they feed primarily on fish and squid (Sinclair et al. 1994; Antonelis et al.
1997; Kurle and Worthy 2001 and 2002; Sterling et al. 2014), and during the breeding

season, adult males fast on average 73 to 86% of their time on land (Gentry 1998)



whereas juvenile males and adult females alternate between fasting on land and
foraging (Loughlin et al. 1986; Baker et al. 1994). While there are various potential
threats to this species, including lack of prey availability, predation, bycatch by fishing
gear, and environmental change, the specific causes of recent population declines are
unknown (Hanna 1922; Bychkov 1967; Gentry and Johnson 1980; Fowler 1987;
National Marine Fisheries Service 1993; Lea et al. 2009; Testa 2013). The non-
breeding season migration patterns of juvenile fur seals are relatively unknown (Kurle
and Worthy 2002; Sterling and Ream 2004), so studying their winter migration
patterns is essential to understanding the continued population decline and for
developing successful conservation strategies for their recovery.

A tool widely used to study migration patterns and foraging ecology of marine
animals is the stable carbon (J°C) and nitrogen (J'°N) isotope analysis of their tissues
(Newsome et al. 2010). Predictable variations in the 8°C and J°N values from
predator tissues that reflect ingested prey and the underlying isotopic signatures of
particular regions allow for their application in predicting animal trophic level and
habitat use (Hobson 1999). Other methods exist to research the foraging and migration
patterns of marine mammals, including observation, tagging, and stomach and fecal
content analyses, however, stable isotope analysis is a minimally invasive, cost and
time effective way to study cryptic vertebrates that spend the majority of their lives in
the ocean.

Tissues that are especially useful for providing long-term isotopic records of

individuals are those that grow continuously, but become biologically inert after each



growth phase such as hair, teeth, bone, and vibrissae (whiskers). For example, layers
of bone growth can be removed and isotopically analyzed, allowing for temporal
reconstructions of ontogenetic shifts in habitat use and foraging patterns for cryptic
marine vertebrates such as sea turtles (Turner Tomaszewicz et al. 2015). Otariids, such
as northern fur seals, unlike phocids, grow their whiskers continuously throughout
their lives, storing isotope data from when they are developing in utero to the date of
whisker collection (Hirons et al. 2001; Rea et al. 2015). The stable isotope values from
vibrissae collected from otariids have been shown to provide insights into ecological
questions related to seasonal and annual variations in their diets and migration at finer
time scales than those provided by annual growth layers in teeth and bone (Sherer et
al. 2015; Kernaleguen et al. 2012). This works best when whiskers are cut, individual
segments analyzed separately, and vibrissae growth rates are known (Hirons et al.
2001; Rea et al. 2015; Sherer et al. 2015).

Average vibrissae growth rates for adult male Antarctic fur seals have been
determined (3.9 £+ 0.2 mm/month) (Cherel et al. 2009), as well as Steller sea lions (4.4
+ 1.5 mm/month) (Rea et al. 2015) but there is a high potential for variation in growth
rates among species and age-groups. For example, whisker growth rate is faster in
younger animals than adults (Hirons et al. 2001; Rea et al. 2015). Therefore estimating
species and age-group specific whisker growth rates may be important for the best
interpretation of stable isotope data from vibrissae.

I determined the vibrissae growth rates for subadult male northern fur seals to

best match the stable isotope values from specific portions of their whiskers with



proper estimates of the time periods each portion represented. Previous studies
demonstrate repetitive oscillations in the J°C values from sequentially sampled
otariid and phocid vibrissae that reflect seasonal patterns in animal migration (Hirons
et al. 2001; Cherel et al. 2009; Kernaelguen et al. 2012; Rea et al. 2015) and these can
be used to determine timing of whisker growth. These oscillations are assumed to
represent a seasonal pattern of migration depicting annual trends and can be used to
correlate time and whisker length (Hirons et al. 2001; Cherel et al. 2009; Kernaelguen
et al. 2012; Rea et al. 2015). Hirons et al. (2001) used the annual oscillations of J*C
values observed from Steller sea lion vibrissae to estimate their whisker growth rates
and found that they matched the rates estimated by injecting animals with enriched '*C
and "N glycine as a marker, providing further evidence that J°C oscillations occur
annually. I used these techniques to establish vibrissae growth rates for juvenile male
northern fur seals. I then analyzed the stable isotope data from whiskers collected from
juvenile male northern fur seals to estimate their migration patterns by comparing their
isotope values with previously published values from primary producers from various
known fur seal migration regions.

Finally, in previous studies, the longest pinniped whisker is often targeted for
stable isotope analysis. It was thought that, since longer whiskers contain more
segments, they may reflect isotopic data over a longer time-scale than shorter
whiskers, and may also have a greater chance of being intact (Rea et al. 2015). If
shorter whiskers contain the same amount of data as longer whiskers, then significant

time and resources could be conserved by analyzing segments from a shorter whisker.



To determine which length is best for the most comprehensive representation of the
temporal record of a fur seal’s stable isotope values, I also compared the &°C and
J°N values along the lengths of both the longest whisker and a shorter whisker from
individual animals.

To better understand the use of vibrissae in isotopic analysis and fur seal
movement and trophic patterns, my study used stable isotope analysis of juvenile male
northern fur seal whiskers to demonstrate a) their whisker growth rates for several age
classes, b) estimations of their migration routes and foraging ecology, and c) the

potential for differences in analysis of short vs. long vibrissae.



MATERIALS AND METHODS

Whisker Acquisition

Scientists from NOAA’s National Marine Mammal Laboratory collected
whiskers of multiple lengths from juvenile male northern fur seals aged two (n=3),
three (n=3), and four years (n=1), from the Polovina haul-out on August 1, 2014 and
from one, four year-old male at the Lukanin haul-out on August 4, 2014 on St. Paul
Island, Alaska (Figure 1). All animals were sacrificed as part of the annual juvenile fur
seal harvest. Body lengths (cm) were recorded and teeth collected from each animal to
verify age via counting tooth cementum annuli. All samples were frozen in Whirl-pac
plastic specimen bags until laboratory analysis. I thawed each sample and removed the
cheek tissue surrounding the whiskers in order to keep the root of each vibrissa intact
to maintain the longest growth record (Rea et al. 2015). I used the longest whisker for
stable isotope analysis from all eight animals and, to compare isotope values along
whiskers of different lengths, I also analyzed a shorter whisker which appeared to be

unbroken at the distal tip for three individuals.

Whisker Processing and Stable Isotope Analysis

To remove all lipids and other contaminants, I placed the whiskers in
individual test tubes, covered them with petroleum ether, and sonicated them in a
60°C water bath for 5 minutes, then rinsed them with ultrapure water and sonicated

them for another 5 minutes. After cleaning, I only handled whiskers with gloves or



forceps to prevent contamination. I measured the length of each vibrissa using a digital
caliper, then, starting at the proximal end, I cut each whisker into 1 or 2 mm segments
using either a 1 mm or 2 mm metal biopsy punch. I packaged segments into 5 X 9 mm
tin capsules and samples weighed between 0.5 and 1.0 mg. The size of the segment cut
(1 or 2 mm) varied depending upon the amount of material needed to equal at least 0.5
mg for an adequate sample weight for isotopic analysis. The amount of segments
included in a sample also varied depending upon the thickness of the whisker and
ranged from 0.5 mm near the thicker proximal end to 13 mm at the distal end. All
isotope ratios were measured at the Stable Isotope Laboratory at the University of
California, Santa Cruz with a Carlo Erba 1108 elemental analyzer coupled to a
ThermoFinnigan Delta Plus XP isotope ratio mass spectrometer. I reported the stable
carbon and nitrogen isotope values from the samples using conventional delta (J)
notation (expressed as ¢'>C and §'°N, respectively, in parts per thousand, %o) as the
relative differences between the isotope ratios for samples and the international
measurement standards which are Vienna Peedee belemnite for C and atmospheric N»
for N. The laboratory estimated analytical error (SD) for 6'*C and 5'°N at +0.04%o and
+0.1%o, respectively. The stable carbon (JC) and stable nitrogen (J°N) values were
calculated as:

oX (%0) = (RSample - Rstandard / RStandard) x 1000

where Rsample 1S the ratio of heavy/light isotope composition in the tissue being
studied, and Rstandard 1S the ratio of heavy/light isotope composition of the

corresponding standard.



Whisker Growth Rates

I graphed 6'3C isotope values vs. whisker length (mm) for each whisker from
the known-age juveniles to determine regular isotopic oscillation patterns that appear
to occur on an annual basis (Figures 2 A-C and Appendix Figures 4 A-H). Following
published protocols from other studies examining isotopic patterns in otariid whiskers
(Hirons et al. 2001; Cherel et al. 2009; Kernaleguen et al. 2012; Rea et al. 2015), I
assumed that oscillations occurred annually because a) northern fur seals and other
otariids follow predictable seasonal migration patterns, with animals returning to the
same location on the Pribilof Islands each breeding season (Gentry 1998; Cherel et al.
2009; Rea et al. 2015) and b) the number of oscillations matched the numbers of years
of age for each individual plus one with the final year marking their return to the
Pribilof Islands just before they were sampled. In addition, Hirons et al. (2001) found
that whisker growth rate estimates obtained using natural, annual oscillations in the
0"3C values observed in Steller sea lion (Eumetopias jubatus) vibrissae matched those
from vibrissae marked with >N or '3C enriched glycine. I used the §'3C values, rather
than the 5'°N values, because they most reflect geographical patterns in marine
systems (Kurle et al. 2011) and so were expected to exhibit the clearest oscillations
(Rea et al. 2015).

The first 6'C value at the proximal end of the whisker represented the most
recent growth. Therefore the time period assigned to this value was the month

previous to whisker collection (assigned as July 2014 as whiskers were collected



August 1, 2014), reflecting time spent foraging in the Eastern Bering Sea near St. Paul
Island. Following Rea et al. (2015), [ measured the distance of one full oscillation of
613C values (Figures 2 A-C and Appendix Figures 4 A-H), starting from the root at the
proximal end, and calculated that as an annual growth rate. I then divided the annual
growth rate by 12 to estimate the monthly growth rate. For young of the year whisker
growth rates, [ divided the whisker length from in utero to 1 year of age by 15, in
order to account for the three months of growth in utero. The ages of all animals from
which a whisker was collected were known, so the 6'3C oscillations were matched to
known years in one-year increments. The number of minima in the §'*C oscillations
was the same as or one greater than the animal age, providing further evidence that
these 6'°C oscillations occur annually. In this way, I could estimate seasonal and
annual variations in foraging locations for juvenile fur seals over multiple years. As
very young animals are thought to exhibit faster whisker growth than older animals
(Hirons et al. 2001; Rea et al. 2015), I separated growth rates between the young of the
year old animals and the older juveniles (1-4 year-olds). All means are reported with
+SD.

To determine if whiskers of different lengths reflected similar stable isotope
values and thus similar time periods, I compared the 6'*C and 5'°N values from
segments cut from a short and the longest whisker from a subset (n=3) of animals. The
use of shorter whiskers, and thus the isotopic analysis of fewer segments, saves
resources, so could be valuable for future studies. Finally, I estimated juvenile fur seal

migration patterns by referencing known location data from tagged seals and by



comparing the §'*C and 5'°N values from the whisker segments to known isotope
values from primary producers from various locations in the Bering Sea and North

Pacific.
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RESULTS

Whisker growth rates

The range of longest whisker lengths was 90 mm (2 year-old) to 165 mm (4
year-old) and the mean growth rate (=SD) for the eight longest vibrissae from the
subadult juvenile males was 3.2 = 1.1 mm/month (Appendix, Table 1). The growth
rates exhibited large variability among individuals within and among age groups. The
mean growth rates for each year were 3.6 = 0.9 mm/month (young of the year), 3.2 +
1.0 mm/month (1-2 year-olds), 2.5 £ 1.1 mm/month (2-3 year-olds), and 3.4 + 1.1
mm/month (3-4 year-olds) (Appendix, Table 1). The young of the year individuals
(age 0 to 1 year) had faster growth rates (3.6 = 0.9 mm/month) than the older ages
combined (1 to 4 year-olds, 3.0 = 1.1 mm/month).

The number of minima in the graphed §'>C isotope data were either equal to or
one greater than the animal age (there sometimes existed a minimum value for whisker
lengths representing 0-1 year-old data, but not always) (see Figures 2 A-C and
Appendix, Figures 4 A-H). All §°C and 6'°N isotope values for each vibrissal
segment and the length of each segment are provided in the Appendix, Table 3, and
graphs of all the 6'*C and 6'°N values vs. whisker lengths are in the Appendix, Figures

4 A-H and 5 A-H.
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Comparison of isotope values between short and long vibrissae

The 6'3C and 6'°N values of segments taken from the longest and shorter
vibrissae of each animal were nearly identical, but were condensed into smaller
segments (Figures 3 A-C). One set of whiskers varied on the distal end because the
longer whisker appeared to be broken at the tip. The mean (+=SD) difference in length
between the shorter and longest whiskers was 20.16 +2.29 mm (T3 = 19.52 mm, T11
=17.73 mm, and T7 = 23.23 mm). Average whisker growth rates + SD for the shorter
whiskers (Appendix, Table 2) were 2.0 + 0.7 mm/month (0-4 year-olds), being slightly
less than those for the longest whiskers as expected. Separating the whisker growth
rates by age categories shows that as age increases, whisker growth decreases, as they
did with the longest growth rates. Young of the year animals had the fastest growth
rates (2.5 + 0.3 mm/month), then 1-2 year-olds (2.0 + 0.7 mm/month), then 2-3 year-
olds (1.5 = 0.7 mm/month), and 3-4 year-olds had the slowest growth rates (1.25) (n =

1, so no standard deviation).

Estimations of movement patterns and foraging ecology

The 6'3C stable isotope values from juvenile male northern fur seal whisker
segments ranged from -19.3 to -16.4%o and the mean §'>C values were slightly higher
(-17.7 £ 0.6%0) during the non-breeding season (mid-November to mid-June) than in
the breeding season (mid-June to mid-November) (-18.1 £ 0.5%o; t=-7.99, df = 520, p

<< 0.0001). This indicates that juvenile males moved out of the eastern Bering Sea
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near the Pribilof Islands during the non-breeding seasons and the cyclical nature of the
isotope data indicate that they did so each year (Appendix, Figures 4 A-H). The 6'°N
values ranged from 9.8 to 20.1%o, were highly variable and, not as clearly cyclical as
the 6'°C data. The mean §'°N values were not significantly different between the
breeding and non-breeding seasons. Any variation in 5N values could reflect changes
in trophic position as juvenile males transit between their non-breeding and breeding
season foraging areas, or they could reflect nitrogen processing differences at the base
of the food webs in the locations they are inhabiting.

Accounting for a nitrogen isotope discrimination factor of 4.0 to 5.0%o (Kurle
2002), the range of 6'°N values observed in the whiskers indicates that juvenile males
could be eating a wide variety of potential prey in the Bering Sea and North Pacific
including arrowtooth flounder (Atheresthes stomias), atka mackerel (Pleurogrammus
monopterygius), eulachon (Thleichthys pacificus), Pacific cod (Gadus marocephalus),
Pacific herring (Clupea pallasii pallasii), Pacific sand lance (Ammodytes hexapterus),
salmon (Oncorhynchus spp.), squid (Gonatopsis borealis and Berryteuthis magister),
walleye Pollock (Theragra chalcogramma), and Yellow Irish lord (Hemilepidotus

jordani) (Kurle and Worthy 2002, Kurle et al. 2011).



DISCUSSION

My research determined the growth rates of vibrissae from juvenile male
northern fur seals and their variation with age. My results support previous research
(Hirons et al. 2001; Rea et al. 2015) indicating that younger animals have faster
growth rates than older individuals as I showed that young of the year fur seals had
faster whisker growth rates than older juveniles and age was inversely correlated with
growth rates. These growth rates allowed for the temporal assignment of the isotope
data measured along the lengths of the whiskers so as to better understand migration
and foraging patterns of juvenile male fur seals over time.

I also observed annual oscillations in the 6'*C values along the lengths of the
whiskers that reflected the same number of years as the age of each animal. This
supports the hypothesis that isotopic data collected from a whisker can be used to
reconstruct movement and dietary patterns from the entire life of a juvenile fur seal. I
also found that isotope data obtained from shorter and longest whiskers from the same
individual represent the same time periods, and temporal data are not lost by analyzing
shorter whiskers. Using the §'°C isotopic data, I found that juvenile males likely leave
the Bering Sea in the direct vicinity of the Pribilof Islands and migrate south during
the non-breeding season, returning each breeding season to the Pribilof Islands.

I found that the average whisker growth rates of all eight animals (3.2 £ 1.1
mm/month) (0-4 year-olds), are similar to those of adult Antarctic fur seals, which
were 3.9 mm/month (Cherel et al. 2009), and to those of adult Stellar sea lions, which

were 4.4 = 1.5 mm/month (Rea et al. 2015). Young of the year animals have a faster

14
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growth rate (3.6 + 0.9 mm/month) than 1-4 year-olds (3.0 + 1.1 mm/month) and
standard deviations were reduced when separating whisker growth rates by age
category. Rea et al. (2015) also found this in Steller sea lions, and presented their
whisker growth rates by age category, with adults growing more slowly (4.4 £ 1.5
mm/month), subadults faster (6.1 £ 1.0 mm/month), and young of the year the fastest
and with the greatest standard deviation (8.7 £ 2.8 mm/month). They found a
correlation between body mass increase and increased whisker growth rates, which
could explain why younger animals have larger whisker growth rates (Rea et al. 2015).
Similarly, Hirons et al. (2001) found a higher growth rate in juvenile Steller sea lions
than in adults. While whisker growth rates are similar for different otariid species, my
results underscore the potential for considerable variability, thus supporting the utility
of species and age-group specific estimates of growth rates. [ recommend that when
applying temporal estimations to whiskers in the absence of individualized growth
rates from ¢'3C isotope oscillations, species-specific and age-specific growth rates
should be applied, especially with younger animals.

To estimate growth rates, I matched whisker length with a period of time using
graphed annual 6'3C isotope oscillations. This method is often used to determine
average whisker growth rates of otariids (Merrick et al. 1997; Hirons et al. 2001;
Cherel et al. 2009; Kernaleuguen et al. 2012; Rea et al. 2015), and therefore, when
available, it is more accurate than applying a general average growth rate because it
gives individualized temporal estimations. While there are physiological effects that

can drive stable isotopic values in marine mammals (Newsome et al. 2010), these
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likely do not account for the cyclic 5'3C isotope values for a variety of reasons. First, I
found that the number of minima in 6'°C isotope values per animal is either equal to or
one greater than the animal age, depending on whether or not there is a minimum in
the variable young of the year data. Second, In Hirons et al. (2001), by analyzing
captive and wild animals, it was found that isotope oscillations in Steller sea lion
whiskers were caused by changes in diet and geography, rather than by endogenous
rhythms. Hirons et al. (2001) also found that growth rates estimated using annual
oscillations matched those using enriched '*C and '°N glycine injections. Finally, §'*C
values of primary producers in the northern hemisphere are higher in lower latitudes,
which could be caused by decreasing dissolved CO; concentration with increasing
temperatures (Rau et al. 1989; Goericke and Fry 1994; Schell et al. 1998; Burton and
Koch 1999). These oceanographic patterns fit with data indicating that juvenile male
northern fur seals move between southern and more northern latitude waters between
non-breeding and breeding seasons (see below), therefore it follows that these
geographic changes in ¢'*C values are causing the 6'°C oscillations in the whiskers. I
compared the stable 6'*C and §'°N isotope data of the longest vibrissae with that of a
shorter, intact vibrissae of the same animal (n=3). The isotope data from segments
along a shorter vibrissa matched those of the longest vibrissa plucked from the same
cheek, but in a condensed form. Therefore a shorter whisker can be used for isotopic
analysis rather than the longest, saving time and resources. This indicates that the

differences in whisker lengths is not due to the tip of the whisker being broken, as
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previously assumed, but rather different growth rates and resultant lengths among
whiskers.

After determining the correct methodology for applying temporal estimations
to whisker length, I used the isotopic data to estimate migration patterns for juvenile
male northern fur seals from the Pribilof Islands. Previously published stable §'3C and
0N isotope data from fur seals, primary producers, and potential prey items from
Alaskan waters and the Pacific Ocean, along with tagging location data of northern fur
seals from the Pribilof Islands (Wu et al. 1997; Shell et al. 1998; Wu et al. 1999; Kurle
and Worthy 2001; Kurle and Worthy 2002; Sterling and Ream 2004; Kurle et al. 2011;
Sherer et al. 2015; Kurle and McWhorter 2015) informed my estimations.

Juvenile male northern fur seals from the Pribilof Islands tagged during the
breeding season, remained in the Bering Sea but traveled significant distances (up to
680 km) from the Pribilof Islands during foraging trips, returning every 8.74 to 29.81
days (Sterling and Ream 2004). Adult male and female northern fur seals from the
Pribilof Islands migrate south during the non-breeding season, with females traveling
farther south to the Gulf of Alaska and California current than males who remain
largely in the Bering Sea and northern North Pacific (Kajimura 1984; Perez and Bigg
1986; Ragen and Dayton 1990; Goebel et al. 1991; Kiyota et al. 1992; Ragen et al.
1995; Loughlin et al. 1999; Baba et al. 2000; Kurle and Worthy 2002; Robson et al.
2004; Sterling et al. 2014).

The stable §'3C isotope data of primary producers and prey demonstrate

decreasing 6'°C stable isotope values with increasing latitude in the Northern



18

hemisphere (Wu et al. 1997; Schell et al. 1998; Wu et al. 1999; Kurle and McWhorter
2015) which follows the trend I observed of lower 6'°C values from whisker segments
that reflect isotope values incorporated during the breeding season, when animals are
further north near the Pribilof Islands in the eastern Bering Sea, vs. in the non-
breeding season when they are likely moving further south. Therefore my data support
that juvenile male northern fur seals from St. Paul Island, Alaska leave the Pribilof
Islands and travel south during the non-breeding season to the North Pacific Ocean,
and return every year during the breeding season.

The 6"3C data from the first year of life was variable among individual fur
seals (Appendix, Figures 4 A-H) and did not match that of 1-4 year-old animals.
Tagging data from Baker et al. (2007) showed post weaning northern fur seal pups
from the Pribilof Islands had variable migration patterns in the non-breeding season,
as many traveled south to the North Pacific Ocean during the non-breeding season,
some traveled north, and some stayed in the Bering Sea. These values from the
whisker segments grown during the earliest months of life reflect ingestion of their
mother’s milk which introduces a potentially complicating factor (Polischuk et al.
2001). Temporal patterns in the '°N values along the lengths of juvenile male
whiskers were less clear than those from the §'*C data. In general, I observed a
minimum or near minimum in the §'°N values from the whisker segments that
corresponded with time spent around the Pribilof Islands at around July of each year
(Appendix, Figures 5 A-H). Higher 6'°N values appear to correspond to non-breeding

season months, when juveniles have likely migrated away from the Pribilof Islands
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and head further south. As mentioned previously, these patterns are not as clear as
they are for the 6'C data, but they match geographic patterns demonstrated in the
0N values from zooplankton in the Bering Sea and North Pacific (Schell et al. 1998),
and particulate organic matter from the Bering Sea and nearshore Canada (Wu et al.
1997 and 1999; Smith et al. 2002).

These patterns in the 6'°N values likely reflect a combination of differential
nitrogen cycling processes that dominate in each region and potential prey switching
that may occur throughout the course of the juveniles' lives. Foraging on particular
prey may not follow predictable, seasonal patterns, but this follows what one would
expect from a generalist predator that encounters a wide variety of prey from multiple
trophic levels and utilizes waters dominated by different nitrogen cycling regimes
(Kurle et al. 2011).

Previous work (Kurle and Worthy 2002) demonstrated that the 6'°N values
from multiple tissues collected from juvenile male northern fur seals on St. Paul Island
and spanning a temporal continuum of ~one year ranged from 14.9 + 0.2%o (fur,
incorporating stable isotopes from prey during the July - November molt) to 15.1 +
0.2%o (muscle, late fall to tissue collection in late July) to 17.0 + 0.1%o (brain, spring
to tissue collection in late July), to 16.2 £ 0.1%o (liver, June/July). The range of these
data from 14.9 to 17.0%o was much less than what I observed in the range of 6'"°N
values from whiskers in this study (9.8 to 20.1%eo). The stable isotope values within
soft tissues such as brain, muscle, and liver reflect an amalgamation of isotope values

from prey sources that are incorporated over longer periods of time that cannot be
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separated into fine scale intervals. One is effectively analyzing an average of stable
isotope values incorporated for sometimes months up to the time of tissue collection
(Kurle 2009). The use of isotope analysis with whisker segments allows for a much
more fine scale separation of data into discreet time periods over which to investigate
individual and population-level foraging and migration patterns that are impossible to
obtain with analysis of other tissues.

Finally, in stable isotope data from Steller sea lion pup whiskers, Rea et al.
(2015) found a minimum J'°N value either prior to or immediately following birth
which they postulated could be used as a temporal marker for parturition. I also
observed a minimum §'°N value within all in utero to 1 year-old whisker data, which
could indicate birth. It is possible that this 6'°N minimum occurs because of the
dietary shift from gestation to nursing when a pup is born. Human fetuses developing
in utero have higher 6'°N values than their mothers (de Luca et al. 2012) because they
are essentially growing via amino acid transfer and metabolic restructuring from
mother to fetus which leads to isotopic discrimination and >N enrichment (Doronin et
al. 2012). The 6'°N values in the fetus may drop as growth slows considerably as
parturition nears, then increase again after birth as young gain nutrients via their
mothers’ milk. Individuals that fed exclusively on mothers’ milk have even higher
0N values (Fuller et al. 2006) than those from fetuses, which could explain the §'°N
minima observed in juvenile male northern fur seal whisker data (0-1 year-old) that

may indicate parturition.
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In conclusion, I examined the 0'3C and 6'°N values from entire vibrissae from
two, three, and four year-old subadult male northern fur seals collected on St. Paul
Island, Alaska to estimate year-round habitat use of these animals and to better
understand the applications of stable isotope analysis to vibrissae. I matched whisker
length to specific years for each animal using annual graphed 6'°C isotope data. I
recommend that this method be used to obtain growth rates rather than applying a
standard average growth rate when possible as it is more accurate. I presented average
growth rates for subadult males and found much faster growth rates for 0-1 year-old
animals than for 1-4 year-old animals. I recommend that in the absence of
individualized growth rates, age-specific growth rates should be used to apply
temporal estimates to whiskers. I determined that a shorter whisker that is intact can be
used for stable isotope analysis rather than the longest whisker, saving time and
resources. Finally, I estimated that juvenile male northern fur seals from St. Paul
Island, Alaska (excluding 0-1 year-olds) are migrating south to the Northern Pacific
Ocean, out of the Pribilof Islands during the non-breeding season each year, and

returning every year for the breeding season.
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Figure 1. Study site where vibrissae from northern fur seal juvenile males were
collected at Polovina and Lukanin haul-outs on St. Paul Island, Alaska.
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Figures 3 A-C. The 613C (left) and 615N (right) values along the lengths of
whiskers from the same individual juvenile male northern fur seals
demonstrated very similar patterns regardless of total whisker length (shorter
vs. longest) for a A) two year-old (T3), B) 3 year-old (T11), and C) 4 year-old
(T7). The mean difference in whisker length was 20.2 + SD 2.3 mm.
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Table 1. Mean growth rates, standard deviation (SD), and range of growth rates by age
category for the longest vibrissa of each animal

Age Group Mean (mm/mo) SD (mm) Range (mm/mo) Sample Size
YOY 3.61 0.91 2.61-5.83 8
1-2 3.16 1.01 1.83-5.50 8
2-3 2.53 1.13 1.00-4.33 5
3-4 3.38 1.13 2.25-4.50 2
1-4 2.98 1.11 1.00-5.50 8
All Ages 3.21 1.09 1.00-5.83 8

Table 2. Mean growth rates, standard deviation (SD), and range of growth rates by age
category for the shorter vibrissa of each animal

Age Group Mean (mm/mo) SD (mm) Range (mm/mo) Sample Size
YOY 2.46 0.31 2.13-2.87 3
1-2 2.00 0.71 1.00-2.50 3
2-3 1.54 0.71 0.5-2.25 2
3-4 1.25 N/A N/A 1
1-4 1.72 0.71 0.5-2.67 3
All Ages 1.97 0.70 0.5-3.92 3




Table 3. Raw data of stable 5'°C and §'°N isotope values given for each vibrissae
segment with segment length for the longest vibrissa of each animal, Continued

Animal T3 (2 year-old)

Whisker length (mm) 013C 015N
0-3 -18.38 14.82
3-5 -18.68 13.52
5-6 -18.74 12.89
6-7 -18.63 12.72
7-8 -18.54 12.86
8-9 -18.25 13.26
9-10 -18.08 13.45
10-11 -17.95 13.70
11-12 -17.72 14.59
12-13 -17.74 15.22
13-14 -17.80 15.90
14-15 -17.98 15.94
15-16 -18.13 15.25
16-17 -18.33 14.30
17-18 -18.54 13.14
18-19 -18.71 12.01
19-20 -18.95 11.17
20-21 -19.15 10.66
21-22 -19.30 10.35
22-23 -19.19 10.27
23-24 -19.12 10.13
24-25 -19.21 10.14
25-27 -19.24 9.80
27-28 -19.25 9.93
28-29 -19.31 10.02
29-30 -19.24 10.10
30-32 -19.14 10.51
32-34 -19.04 11.07
34-36 -19.09 11.53
36-38 -18.95 11.96
38-40 -18.65 12.30
40-42 -18.29 13.68
42-44 -17.98 17.00
44-46 -17.83 19.00

46-48 -17.87 19.63



Table 3, Continued

50-52 -17.56 19.13
52-54 -17.45 18.85
54-56 -17.24 18.76
56-58 -17.25 18.53
58-60 -17.38 18.33
60-62 -17.33 17.96
62-66 -17.28 17.43
66-70 -17.41 16.69
70-76 -17.77 15.42
76-82 -17.49 15.38
82-90 -17.23 16.18
Animal T5 (2 year-old)
Whisker length (mm) 013C 015N
0-2 -18.15 16.22
2-4 -17.62 15.57
4-5 -17.48 15.39
5-6 -17.62 15.03
6-7 -17.55 14.96
7-8 -17.59 14.82
8-9 -17.69 14.67
9-10 -17.75 14.68
10-11 -17.81 14.55
11-12 -17.90 14.56
12-13 -17.99 14.52
13-14 -18.00 14.48
14-15 -17.96 14.59
15-16 -17.82 14.62
16-17 -17.65 14.78
17-18 -17.64 14.66
18-19 -17.65 14.30
19-20 -17.66 13.78
20-21 -17.76 13.21
21-22 -17.93 12.92
22-23 -18.07 12.92
24-25 -18.19 12.96
25-26 -18.18 12.97
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Table 3, Continued

26-27 -18.14 13.04
27-28 -18.14 12.92
28-29 -18.14 12.99
29-30 -18.06 12.93
30-31 -18.09 12.94
31-32 -18.14 13.04
32-33 -18.17 13.23
33-34 -18.20 13.41
34-35 -18.19 13.57
35-36 -18.27 13.67
36-37 -18.28 13.87
37-38 -18.33 13.88
38-39 -18.32 13.92
39-40 -18.46 13.81
40-41 -18.57 13.76
41-42 -18.67 13.71
42-43 -18.70 13.62
43-44 -18.75 13.70
44-46 -18.77 13.69
46-47 -18.74 13.90
47-48 -18.76 13.96
48-50 -18.62 13.96
half of 50-52 -18.30 14.42
52-53 -18.19 14.51
53-54 -18.18 14.51
54-55 -18.26 14.11
55-57 -18.48 13.60
57-59 -18.64 13.22
59-60 -18.72 13.00
60-61 -18.70 13.02
61-62 -18.54 13.22
62-63 -18.42 13.48
63-64 -18.25 13.70
64-65 -18.17 14.05
65-66 -18.20 14.16
66-67 -18.18 14.20
67-68 -18.17 14.25

68-69 -18.13 14.34



Table 3, Continued

70-71 -18.05 14.42
72-73 -17.81 15.57
73-74 -17.66 16.69
74-75 -17.55 17.77
75-76 -17.52 18.42
76-77 -17.49 18.99
77-78 -17.45 19.03
78-79 -17.41 19.08
79-80 -17.40 19.00
80-82 -17.19 18.87
82-84 -17.14 18.55
84-86 -17.06 18.32
86-88 -17.11 18.17
88-90 -17.16 18.12
90-92 -17.16 18.18
92-94 -17.23 18.10
94-96 -17.33 18.04
96-98 -17.45 17.84
98-100 -17.53 17.62
100-102 -17.58 17.21
102-104 -17.83 16.25
104-108 -18.55 15.22
108-112 -18.85 15.29
112-116 -18.29 16.72
116-122 -17.74 17.61
122-135.17 -17.31 17.20
Animal T17 (2 year-old)
Whisker length (mm) 013C 015N
0-2 -18.32 14.99
2-4 -18.14 14.98
4-6 -18.07 15.21
6-7 -17.91 15.34
7-8 -17.75 15.91
8-9 -17.60 16.27
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9-10
10-11
11-12
12-13
13-14
14-15
15-16
16-17
17-18
18-19
19-20
20-21
21-22
22-23
23-24
24-25
25-26
26-27
27-28
28-29
29-30
30-31
31-32
32-33
33-34
34-35
35-36
36-37
37-38
38-39
39-40
40-41
41-42
42-43
43-44
44-45
45-46
46-47

-17.37
-17.30
-17.14
-17.02
-16.86
-16.89
-17.00
-17.14
-17.20
-17.30
-17.55
-17.60
-17.64
-17.70
-17.70
-17.75
-17.93
-18.13
-18.43
-18.63
-18.78
-18.84
-18.80
-18.80
-18.78
-18.66
-18.56
-18.34
-18.35
-18.30
-18.16
-18.06
-18.09
-18.03
-17.93
-17.84
-17.77
-17.85

16.59
16.78
16.87
16.99
16.88
16.57
16.05
15.80
15.42
15.17
14.98
15.50
16.10
16.55
16.34
15.79
15.15
14.28
13.50
12.95
12.49
12.30
12.23
12.22
12.23
12.25
12.33
12.46
12.63
12.82
13.08
13.66
13.85
13.96
14.30
14.39
14.67
14.76
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47-48 -17.70 14.76
48-49 -17.69 14.75
49-50 -17.65 14.91
50-51 -17.65 14.73
51-52 -17.69 14.73
52-54 -17.90 14.59
54-56 -18.00 14.55
56-58 -18.03 14.32
58-60 -17.97 14.37
60-62 -17.79 15.72
62-64 -17.57 17.41
64-66 -17.47 19.15
66-68 -17.46 19.93
68-70 -17.56 20.15
70-72 -17.46 19.80
72-74 -17.28 19.51
74-76 -17.17 19.00
76-78 -16.98 18.69
78-80 -16.91 18.53
80-82 -16.87 18.48
82-86 -17.03 18.30
86-91 -17.09 18.32
91-97 -17.06 18.15
97-108 -17.03 16.85
Animal T6 (3 year-old)
Whisker length (mm) 013C 015N
0-4 -18.58 16.67
4-6 -18.40 16.15
6-7 -18.42 15.87
7-8 -18.46 15.07
8-9 -18.38 14.70
9-10 -18.33 14.26
10-11 -18.30 14.00
11-12 -18.32 13.83
12-13 -18.35 13.66
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Table 3, Continued
13-14
14-15
15-16
16-17
17-18
18-19
19-20
20-21
21-22
22-23
23-24
24-25
25-26
26-27
27-28
28-29
29-30
30-31
31-32
32-33
33-34
34-35
35-36
36-37
37-38
38-39
39-40
40-41
41-42
42-43
43-44
44-45
45-46
46-47
47-48
48-49
49-50
50-51

-18.33
-18.20
-18.14
-18.00
-17.81
-17.66
-17.58
-17.53
-17.57
-17.47
-17.44
-17.44
-17.47
-17.50
-17.58
-17.59
-17.77
-17.86
-17.79
-17.79
-17.75
-17.80
-17.84
-17.95
-18.08
-18.14
-18.16
-18.23
-18.25
-18.25
-18.19
-18.32
-18.49
-18.56
-18.62
-18.62
-18.72
-18.72

13.51
13.47
13.55
13.82
14.23
14.34
14.44
14.26
14.28
14.27
14.15
14.13
13.88
13.72
13.40
13.14
12.85
12.84
13.16
13.31
13.49
13.77
13.81
13.72
13.39
13.20
13.08
13.03
13.06
13.27
13.35
13.21
13.14
13.02
13.07
13.07
13.09
13.11
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Table 3, Continued
51-52
52-53
53-54
54-55
55-56
56-57
57-58
58-59
59-60
60-61
61-62
62-63
63-64
64-65
65-66
66-67
67-68
68-69
69-70
70-71
71-72
72-73
73-74
74-75
75-76
76-77
77-78
78-79
79-80
80-81
81-82
82-83
83-84
84-86
86-88
88-90
90-92
92-94

-18.78
-18.70
-18.82
-18.80
-18.60
-18.45
-18.32
-18.23
-18.18
-18.05
-17.97
-17.87
-17.87
-17.83
-17.82
-17.77
-17.79
-17.81
-17.78
-17.70
-17.66
-17.58
-17.59
-17.57
-17.52
-17.55
-17.62
-17.65
-17.59
-17.72
-17.85
-18.03
-18.14
-18.26
-18.08
-17.67
-17.42
-17.31

13.21
13.19
13.04
13.09
13.44
13.70
13.78
14.10
14.31
14.52
14.69
14.83
14.81
14.75
14.69
14.69
14.62
14.38
14.20
14.24
14.34
14.29
14.10
13.97
13.81
13.59
13.24
12.87
12.74
12.04
11.86
11.57
11.60
11.93
12.96
14.91
16.71
17.84
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94-96 -17.33 18.12
96-98 -17.39 18.08
98-100 -17.44 17.84
100-102 -17.54 17.51
102-104 -17.60 17.42
104-106 -17.61 17.21
106-108 -17.74 16.93
108-110 -17.83 16.54
110-112 -17.89 16.43
112-114 -17.97 16.12
114-116 -17.95 16.26
116-118 -17.85 16.31
118-120 -17.74 16.34
120-122 -17.77 16.14
122-126 -17.80 16.03
126-130 -18.01 15.58
130-134 -18.09 14.82
134-140 -17.91 14.09
142-148 -18.54 13.58
148-149.86 -18.24 12.33
Animal T11 (3 year-old)
Whisker length (mm) 013C 015N
0-2 -18.03 16.48
2-4 -17.52 15.79
4-5 -17.45 15.59
6-7 -17.40 15.31
7-8 -17.38 15.20
8-9 -17.35 15.33
9-10 -17.41 15.21
10-11 -17.44 15.16
11-12 -17.47 15.16
12-13 -17.38 15.36
13-14 -17.11 15.66
14-15 -16.99 15.96
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Table 3, Continued

15-16
16-17
17-18
18-19
19-20
20-21
21-22
22-23
23-24
24-25
25-26
26-27
27-28
28-29
29-30
30-31
31-32
32-33
33-34
35-36
36-37
37-38
38-39
40-41
41-42
42-43
43-44
44-45
45-46
46-47
47-48
48-49
49-50
50-51
51-52
52-53
53-54
54-55

-16.88
-16.93
-16.79
-16.78
-16.94
-17.15
-17.35
-17.52
-17.68
-17.68
-17.75
-17.76
-17.71
-17.63
-17.65
-17.68
-17.66
-17.83
-17.95
-18.14
-18.25
-18.24
-18.19
-17.87
-17.75
-17.76
-17.76
-17.87
-17.99
-17.87
-17.53
-17.40
-17.34
-17.37
-17.50
-17.70
-17.99
-18.26

16.27
15.78
16.10
16.82
17.03
17.68
17.60
17.93
17.90
18.05
18.00
17.44
16.76
16.20
15.60
15.53
15.10
14.81
14.81
14.68
14.92
15.06
15.24
15.15
15.35
15.18
15.15
14.71
14.13
14.55
14.89
15.32
16.17
15.87
15.86
15.58
14.51
13.70
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Table 3, Continued

55-56 -18.60
56-57 -18.82
57-58 -18.99
58-59 -19.01
59-60 -19.00
60-61 -18.98
61-62 -18.92
62-63 -18.92
63-64 -18.89
64-65 -18.86
65-66 -18.85
66-67 -19.03
67-68 -19.03
68-69 -19.11
69-71 -19.02
71-73 -19.06
73-75 -18.97
75-77 -18.72
77-79 -18.30
79-81 -18.02
81-83 -17.91
83-85 -18.06
85-87 -18.31
87-89 -18.31
89-91 -18.19
91-93 -18.05
93-95 -18.06
95-97 -18.11
97-99 -18.26
99-101 -18.22
101-105 -18.20
105-109 -18.22
109-111 -18.08

115-112.5 -18.19

12.67
12.12
11.99
11.55
11.60
11.78
11.74
11.87
11.93
12.02
11.94
12.17
12.00
11.85
11.44
11.56
11.75
12.68
13.81
14.41
14.45
14.14
13.89
14.76
16.57
17.51
17.55
17.63
17.46
17.60
17.14
17.00
16.45
16.64
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Table 3, Continued

Animal T15 (3 year-old)

Whisker length (mm) 613C 015N

0-3 -17.78 15.55
3-4 -17.17 15.91
4-5 -17.20 16.03
5-6 -16.87 16.25
6-7 -17.00 16.34
7-8 -16.99 16.34
8-9 -16.99 16.36
9-10 -16.92 16.50
10-11 -16.93 16.65
11-12 -16.58 16.63
12-13 -16.58 16.39
13-14 -16.87 15.93
14-15 -17.02 15.56
15-16 -17.10 16.07
16-17 -17.13 17.13
17-18 -17.34 17.50
18-19 -17.47 17.99
19-20 -17.50 18.20
20-21 -17.56 18.22
21-22 -17.60 18.10
22-23 -17.57 18.04
23-24 -17.59 17.81
24-25 -17.61 17.18
25-26 -17.63 16.52
26-27 -17.88 15.86
27-28 -18.09 15.31
28-29 -18.13 15.42
29-30 -18.15 15.86
31-32 -17.64 16.51
32-33 -17.33 16.49
33-34 -17.02 16.48
34-35 -16.96 16.36
35-36 -16.99 16.14
36-37 -17.00 15.99
37-38 -17.04 15.74
38-39 -17.18 15.30
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Table 3, Continued
39-40
40-41
41-42
42-43
43-44
44-45
45-46
46-47
47-48
48-49
49-50
50-51
51-52
52-53
53-54
54-55
55-56
56-57
57-58
58-59
59-60
60-61
61-62
62-63
63-64
64-65
65-66
66-67
67-68
68-69
69-70
70-71
71-73
73-75
75-77
77-79
79-81
81-83
83-85

-17.35
-17.66
-17.88
-18.02
-17.99
-17.52
-17.27
-17.41
-17.55
-17.70
-18.00
-18.21
-18.50
-18.53
-18.68
-18.74
-18.65
-18.75
-18.63
-18.61
-18.56
-18.51
-18.40
-18.22
-18.17
-17.92
-17.95
-17.81
-17.83
-17.76
-17.58
-17.63
-17.68
-18.03
-18.13
-18.23
-18.30
-18.39
-18.36

14.94
14.59
13.94
13.79
13.67
14.75
15.55
15.77
16.02
15.61
14.69
14.18
13.66
13.38
13.12
12.92
13.13
13.13
13.09
13.28
13.25
13.63
13.57
13.80
14.05
14.35
14.25
14.33
14.22
14.21
14.32
14.22
13.65
13.07
13.54
15.15
16.26
16.39
16.37
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85-89 -18.22 16.22
89-93 -18.19 16.20
93-97 -18.22 16.39
97-101 -18.15 16.62
101-105 -18.14 17.24
105-109 -18.14 16.74
109-120 -18.21 16.62
Animal T7 (4 year-old)
Whisker length (mm) 013C 015N
0-2 -17.95 16.64
2-4 -17.91 15.28
4-5 -17.84 15.34
5-6 -17.56 15.62
6-7 -17.61 15.92
7-8 -17.14 16.02
8-9 -17.06 16.13
9-10 -17.14 15.78
10-11 -17.24 15.11
11-12 -17.38 14.55
12-13 -17.42 14.04
13-14 -17.60 13.75
14-15 -17.69 13.56
15-16 -17.52 14.57
16-17 -17.67 14.97
17-18 -17.67 14.72
18-19 -17.63 14.47
19-20 -17.78 14.66
20-21 -17.80 14.62
21-22 -17.66 14.56
22-23 -17.78 15.00
23-24 -17.72 15.04
24-25 -17.93 14.53
25-26 -18.10 14.33
26-27 -18.27 14.07
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Table 3, Continued
27-28
28-29
30-31
31-32
32-33
33-34
34-35
35-36
36-37
37-38
38-39
39-40
40-41
41-42
42-43
43-44
44-45
45-46
46-47
47-48
48-49
49-50
50-51
51-52
52-53
53-54
54-55
55-56
56-57
57-58
58-59
59-60
60-61
61-62
62-63
63-64
64-66
66-68
68-70

-18.19
-17.99
-17.52
-17.36
-17.27
-17.26
-17.55
-17.74
-17.90
-18.11
-18.23
-18.10
-17.93
-17.63
-17.46
-17.35
-17.35
-17.32
-17.33
-17.39
-17.43
-17.42
-17.49
-17.57
-17.72
-17.76
-17.62
-17.69
-17.79
-17.78
-17.77
-17.58
-17.48
-17.45
-17.43
-17.21
-17.15
-17.37
-17.66

14.49
15.04
15.62
15.92
15.55
15.42
14.80
14.35
13.84
13.35
13.26
13.56
13.71
14.16
14.20
13.99
14.22
14.19
14.11
14.31
14.49
14.65
14.84
14.67
14.48
14.33
14.39
14.35
14.47
14.60
14.94
15.02
15.04
15.11
15.15
15.21
15.37
14.90
14.34
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Table 3, Continued

70-72 -17.93 13.96
72-74 -18.06 13.54
74-76 -18.26 13.08
76-78 -18.28 13.02
78-80 -18.33 13.10
80-82 -18.33 13.34
82-84 -18.29 13.52
84-86 -18.37 13.58
86-88 -18.52 13.52
88-90 -18.56 13.54
90-92 -18.53 13.48
92-94 -18.67 13.63
94-96 -18.65 14.20
96-98 -18.22 14.98
98-101 -17.99 15.85
101-105 -17.38 16.61
105-108 -17.38 17.00
Animal T32 (4 year-old)
Whisker length (mm) 013C 015N
0-2 -18.07 17.93
2-4 -17.79 17.80
4-5 -17.72 17.72
5-6 -17.78 17.38
6-7 -17.75 17.03
7-8 -17.82 16.61
8-9 -17.94 16.22
9-10 -17.95 15.99
10-11 -17.71 15.95
11-11.5 -17.46 16.12
11.5-12 -17.46 16.12
12-13 -17.36 16.21
13-14 -17.22 16.40
14-15 -17.11 16.50
15-16 -17.01 16.64
16-17 -16.92 16.67
17-18 -16.76 16.84
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18-19
19-20
20-21
21-22
22-23
23-24
24-25
25-26
26-27
27-28
28-29
29-30
30-31
31-32
32-33
33-34
34-35
35-36
36-37
37-38
38-39
39-40
40-41
41-42
42-43
43-44
44-45
45-46
46-47
47-48
48-49
49-50
50-51
51-52
52-53
53-54
54-55
55-56
56-57

-16.72
-16.72
-16.63
-16.61
-16.56
-16.59
-16.68
-16.62
-17.04
-16.88
-16.99
-17.13
-17.24
-17.41
-17.35
-17.53
-17.24
-17.20
-17.27
-17.22
-17.46
-17.35
-17.35
-17.39
-17.34
-17.36
-17.39
-17.47
-17.59
-17.71
-17.74
-17.83
-17.96
-18.09
-18.17
-18.13
-18.11
-18.07
-17.90

16.87
16.85
16.87
16.74
16.73
16.68
16.53
16.52
16.29
16.35
16.22
15.90
15.72
15.63
16.00
16.25
16.96
17.52
18.09
18.34
18.53
18.79
18.74
18.71
18.72
18.70
18.61
18.32
17.66
17.13
16.49
16.20
15.68
15.28
15.09
14.90
14.98
14.90
14.91
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57-58
58-59
59-60
60-61
61-62
62-63
63-64
64-65
65-66
66-67
67-68
68-69
69-70
70-71
71-72
72-73
73-74
74-75
75-76
76-77
77-78
78-79
79-80
80-81
81-82
82-83
83-84
84-85
85-86
86-87
87-88
88-89
89-90
90-91
91-92
92-93
93-94
95-96
96-97

-17.85
-17.75
-17.66
-17.58
-17.61
-17.52
-17.49
-17.53
-17.39
-17.38
-17.44
-17.56
-17.56
-17.65
-17.75
-17.84
-17.82
-17.81
-17.81
-17.76
-18.19
-17.81
-17.84
-17.63
-17.62
-17.49
-17.46
-17.38
-17.38
-17.29
-17.39
-17.62
-17.65
-17.90
-18.16
-18.31
-18.40
-18.49
-18.44

15.00
14.97
15.05
15.02
14.99
14.90
15.00
15.15
15.18
15.20
15.33
15.31
15.28
15.20
15.07
15.36
15.89
16.43
17.02
17.50
18.08
18.40
18.64
18.71
18.77
18.71
18.49
18.27
17.99
17.48
16.83
16.09
15.62
14.87
14.46
14.08
13.92
14.01
14.20
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97-98
98-99
99-100
100-101
101-102
102-103
103-104
104-105
105-106
106-107
107-108
108-109
109-110
110-111
111-112
112-113
113-114
115-117
117-119
119-121
121-123
123-125
125-127
127-129
129-131
131-133
133-135
135-137
137-139
139-141
141-143
143-145
145-147
147-149
149-151
151-153
153-155
155-159
159-165

-18.32
-18.18
-17.99
-17.58
-17.04
-16.70
-16.55
-16.43
-16.44
-16.63
-16.89
-17.05
-17.41
-17.72
-17.97
-18.08
-18.17
-18.53
-18.66
-18.80
-18.87
-18.88
-18.87
-18.64
-18.23
-17.89
-17.86
-17.98
-17.85
-17.77
-17.63
-17.57
-17.71
-17.59
-17.25
-17.37
-17.47
-17.26
-17.03

14.44
14.48
14.71
15.07
15.32
15.81
15.93
16.09
16.24
16.23
15.87
15.63
15.15
14.79
14.42
14.32
14.13
13.65
13.35
13.22
13.22
13.25
13.21
13.56
14.49
15.57
15.99
16.01
16.46
16.70
16.85
16.49
15.69
16.41
18.47
19.67
19.65
18.86
17.68
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Table 4. Longest whisker length (mm) and body size (cm) of each animal
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Animal ID and age Longest whisker length Body size (cm)
(mm)
T3 (2 yo) 90.0 114.0
T5 (2 yo) 135.17 108.5
T17 (2yo) 108.0 112.5
T6 (3 yo) 149.86 115.0
T11 (3 yo) 112.5 118.5
T15 (3 yo) 120.0 112.0
T7 (4 yo) 108.0 125.5
T32 (4 yo) 165.0 119.0
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