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Growth rates of vibrissae of harbor seals (Phoca
vitulina) and Steller sea lions (Eumetopias jubatus)

Amy C. Hirons, Donald M. Schell, and David J. St. Aubin

Abstract: Growth rates of vibrissae (whiskers), which act as a temporal record of feeding in harborPeads (

vitulina) and Steller sea lionsEimetopias jubat)swere estimated usingC- and!*N-labeled glycine followed by
stable-isotope analysis. The labeled glycine was incorporated into keratin and served as a temporal marker for growth-
rate calculation. One captive harbor seal received two doses 147 days apart, while a second seal received one dose;
vibrissae were analyzed after 86 and 154 days. The peak positions indicated that growth began in the fall, continued
into spring, but ceased in June, with active growth rates of 0.33 mm/day. Two adult captive Steller sea lions each re
ceived two labeled doses during a 308-day period. After 427 days vibrissae in both sea lions showed two peaks corre
sponding to the markers; growth rates were calculated as 0.05-0.07 mm/day. Growth rates in captive juvenile and wild
adult Steller sea lions, 0.10-0.17 mm/day, supported the assumption that major isotopic oscillations in vibrissae of wild
sea lions were annual. The multiyear records imply that Steller sea lions retain their vibrissae; harbor seal vibrissae, in
contrast, have periods of rapid growth and appear to be shed, at least in part, annually.

Résumé: Les taux de croissance des vibrisses, organes qui peuvent étre utilisés pour I'enregistrement temporel des
activités alimentaires des Phoques commurisota vituling et des Otaries de StelleEgmetopias jubatysont été

estimés a l'aide de glycine marquée B et au’®N; une analyse des isotopes stables a suivi. La glycine marquée
s’incorpore a la kératine et sert de marqueur temporel dans le calcul du taux de croissance. Un Phoque commun gardé
en captivité a recu deux doses a 147 jours d’intervalle, alors qu’'un autre phoque n’en a recu qu’une; leurs vibrisses ont
été analysées aprées 86 et 154 jours. La position des pics indique que la croissance commence a l'automne, se poursuit
jusqu’au printemps et cesse en juin; le taux de croissance active a été évalué a 0,33 mm/jour. Deux Otaries de Steller
adultes, gardées en captivité, ont regu chacune deux doses marquées au cours d’'une période de 308 jours. Aprés 427
jours, deux pics ont été enregistrés dans les vibrisses des deux otaries, correspondant a I'utilisation des marqueurs; les
taux de croissance ont été estimés a 0,05-0,07 mm/jour. Les taux de croissance des otaries juvéniles en captivité et des
adultes libres en nature, 0,10-0,17 mml/jour, appuient I'hypothése selon laquelle les oscillations importantes des isoto-
pes dans les vibrisses des otaries en nature sont annuelles. Les données échelonnées sur plusieurs années indiquent qu
les Otaries de Steller gardent leurs vibrisses, alors que les vibrisses des Phoques communs ont des périodes de crois-
sance rapide, mais semblent étre rejetées chaque année, au moins en partie.

[Traduit par la Rédaction]

Introduction discriminate differences in diameter among disks by touching

them with their mystacial (muzzle) vibrissae. The vibrissae

Vibrissae (whiskers) are keratinous, hairlike structures bubt narbor seals and Steller sea liorBuetopias jubatys
they differ considerably from pelage (hair). The structure ofghoy some anatomical differences from each other. In the
vibrissa follicles is similar to that of pelage follicles; hew qariigs  eared seals, including Steller sea lions, the vibrissa
ever, wbnssa_e are larger overall, are highly innervated, havgpafts are outwardly smooth and taper from the base to the
large blood sinuses, and are controlled by voluntary musclegy, “\while those of harbor seals and other phocids have a
The whiskers of pinnipeds occur in the musculature on thg 4y surface and a more uniform diameter along their length.
muzzle and above the eyes; most of these muscles contrg}iariids tend to have shorter anterior and longer posterior
the positioning of the vibrissae (Ling 1977). Dehnhardt andy,siacial vibrissae but phocid vibrissae are more uniform in
Kaminski (1995) described how the vibrissae of harbor Seal?ength. No known information exists regarding the signifi
(Phoca vituling are capable of complex movement and couldgance of these characteristics in different species, but differ

ences in vibrissa structure may be associated with slightly
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Table 1. Chronology of an experiment on growth rates of vibrissae of captive harbor $adsd vituling and Steller sea lions
(Eumetopias jubatysfrom 9 January 1996 through 9 July 1998.

Seal HS-N Seal HS-P Seal SSL-L Seal SSL-S
Glycine label 2 x1¥C and N 1 x BC and*N 1 x 3C and®™N; 1 x N 2 x 15N
Delivery date 9 Jan. 1996; 4 June 1996 4 June 1996 18 June 1996; 22 Apr. 1997 20 Aug. 1996;
22 Apr. 1997
Sampling date(s) (vibrissae) 29 Aug. 1996; 5 Nov. 1996;5 Nov. 1996; 23 June 1998 17 Nov. 1996;
9 July 1998 9 July 1998 23 June 1998
Day No. (relative to 1 January 1996)
1 100 200 300 400 500 600 700 800 900 1000
Seal HS-N CN CN \Y \Y, Y,
Seal HS-P CN \Y, \Y,
Seal SSL-L CN N Y,
Seal SSL-S N N \Y,

Note: CN, carbon and nitrogen label; N, nitrogen-only label; V, vibrissae collected.

observed throughout the year (Scheffer 1962; Ling 1970)changed throughout the year in order to interpret the isotope
Because vibrissae appear to function as sensory structurd@tios.

periodic replacement or renewal necessitated by physical

damage could be selectively more advantageous than totMaterials and methods

seasonal replacement. Based on this information we hypoth- .

esized that these two species of pinnipeds would maintaiR0SINg experiment

e vibssae fom yea to year and that they would grow 145 30Ut male o sedls and o act el el sea
;?Q\}\II?# ?)Ill}cl)’m?)l:é dﬂ:re]isugt(l:J edr;i"&tr)]/ dgf’)snt;?\g]ilnngg trt:aelrzalzﬁiﬁgﬂf quarium in Connecticut. All were born in captivity; the sea lions

! L 2 : "Rvere transferred from another facility. They were fed a daily ration
between growth and isotope ratios in the vibrissae will facil-of \itamin-supplemented fish (herring, capelin, mackerel, smelt)

itate interpretation of the isotope data as a temporal recorgind squid at a rate that sustained appropriate body mass. Glycine
of food consumption by these animals (Fry and Sherr 1984¢nriched with!>N or both13C and®®N isotopes (98%) (Cambridge
Schell and Saupe 1993; Michener and Schell 1994). This pdsotope Laboratories, Andover, Mass.) was employed to mark
per describes measurements of the growth of vibrissae ofibrissae because of the high mole percentage (8.6%) of glycine
captive harbor seals and Steller sea lions and the interpretfaund in vibrissa keratin. It was administered intravenously as a so-
tion of data from vibrissae of wild individuals as they relate !ution of 100 mg/mL in sterile physiological saline at a dosage of

; ; mg glycine/kg of body mass. All procedures were approved by
:JOOSIJIZE[igoeanStUdy on the impact of trophic changes on thes e Institutional Animal Care and Use Committees of both the

. ) . Mystic Aquarium and the University of Alaska Fairbanks and were
_ Sev_ere decllnes in harbor seal and Steller sea lion pepulgarried out in accordance with guidelines established by the-Cana
tions in the Bering Sea and Gulf of Alaska have been redian Council on Animal Care.

corded for more than two decades (Pitcher 1990; Strick et al. Table 1 details the sequence of label additions and whisker-
1997). No cause-and-effect relationships have yet been eslipping. The glycine was metabolically incorporated into the kera
tablished; however, the concurrent increase in commercidin during growth of the whiskers. Whole-blood samples (1-2 mL)
fishing pressure may be requiring pinnipeds to compete foWere collected prior to dosing and at 24-h intervals for 48-72 h
many of the same resources. Food limitation has been h fter dosing to monlt(.)r.clearance of the label. Whiskers were al
pothesized as the likely cause of the declines in pinnipe wed to grow for a minimum of 5 months before a second dose of

lati ltina f q ) lati lycine was administered. The second peak was desired to-estab
populations resulting from decreases In prey populaions anfy, o known dated markers in order to calculate the growth rate.

(or) alteration of the prey base (Alaska Sea Grant 1993after a minimum of 5 more months, a whisker was cut from each

Alverson 1991; Anderson et al. 1997; Merrick 1995; Merrick animal as close to the skin as possible and analyzed for stable-
et al. 1997). Trophic changes resulting from diet switchingisotope ratios at close intervals along its length to locate the
would be recorded in the stable-isotope ratios in the animarkers (Table 1).

mals’ vibrissae.

Vibrissae consist of growing tissue and are found in allNatural abundance

pinniped species. Vibrissae from seals and sea lions contain A sécond type of growth-rate study using endogenous markers

a timeline of stable-isotope ratios derived from prey itemawvas conducted simultaneously at the Vancouver Aquarium in British

(Hirons 2001). By comparing the isotope ratios along theColumbia, Canada, on one male and one female subadult Steller

| th of a vibri ith th f ted it h sea lion. All the animals were born in the wild but were found
'ength of a vibrissa with those of Suspected prey tems, Changeg,nqoned as pups of 2 months of age or less and taken to the
in food sources and habitat can be surmised for the temporalgyarium. Vibrissae were clipped from the muzzle of each animal

span represented by the growth of the whisker. As part Operiodically during a 3-year period. The vibrissae of animals fed a
this larger study we attempted to determine how growth-ratenass-sustaining diet (herring and pollock) were analyzed for inher
patterns in the vibrissae of harbor seals and Steller sea liorent variability in stable-isotope ratios, and all the whiskers from an
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animal were plotted together along a timeline. Overlap in growthFig. 1. Stable-isotope plots from vibrissae of a captive adult har
from one vibrissa to the next was measured from an inflectionbor seal Phoca vituling, HS-N. The doubly labeled®{C and
point that was obvious on at least two separate segments. The deg@N) glycine peak is visible in the vibrissae that were cut in

of each clipping was known and the growth rate calculated. August 1996 (A). The vibrissae that were cut in November 1996
reveal the same peak in approximately the same location (B). No
Whisker growth in wild harbor seals and Steller sea peak is evident from a vibrissa cut in July 1998 (C). Plots show
lions the most recent growth at the base of the vibrissae (0 cm).
An adult male harbor seal was captured by the Alaska Depart 5 A i
ment of Fish and Game in southeastern Alaska in September 1994, ( ) 120
and again 7 months later, in April 1995 (ADFG 1996). A vibrissa 0 ' 100
was removed on each occasion and the patterns in the isotepe ra’g' 5 ! 5
tios were compared in an effort to determine the average growth = 1996-29-08 80 S
rate during the elapsed time period. A second harbor seal was re 1 60 2
captured and a whisker removed for isotope analysis in 1997, 292 - 40 ©
years after a whisker had been initially collected and sampled. A @ o
third harbor seal, a yearling, was also recaptured 1 year after it had r 20
been initially sampled as a pup.
One or two vibrissae were sampled from 30 subadult and adult 5 - 120
sea lions. These animals were sampled on the Pribilof Islands in (B)
the Bering Sea and Chirikof Island in the western Gulf of Alaska 01 ' 100
by researchers from the National Marine Fisheries Service and the\? -5 1 - 80 E
University of Alaska. Their vibrissae were analyzed for carbon- < 1996-05-11 <
and nitrogen-isotope ratios and data were used for comparison with QO -10 / 60 =
those from the captive animals. All 10 of the sea lions sampled in & _ L 40 2
the Gulf of Alaska were adult females, while 65% of the sea lions “ w
from the Pribilof Islands were less than 5 years of age and almost - 20
exclusively male. 0
All the mystacial vibrissae were from an adult female harbor
seals harvested at Sitka, Alaska, and an adult female Steller sea (C) 120
lion harvested at St. Paul, Pribilof Islands, Alaska, by Alaskan na- — 0 100 —~
tive subsistence hunters. The vibrissae were pulled and analyzeds® -5 80 58
for carbon- and nitrogen-isotope ratios. The patterns of isotope ra- > 1998-09-07 =
tios in the vibrissae of each animal were compared, particularly in o -10 §13C 60 .,-,Z
the anterior versus the posterior whiskers, to determine if growth 3 15— ————. 40
rates varied among the seal vibrissae and the sea lion vibrissae. 20 315N 20
Laboratory procedures '2:’0 2 4 6 8 1(?
Vibrissae were scrubbed with steel wool to remove any debris .
and segmented at 1.5-mm intervals from the base to the tip. Blood Length (base to tip), cm
samples were dried for several days at 60°C and then ground for
homogeneity. Stable-isotope ratios were determined using a Europa
20/20 continuous-flow isostope-ratliso mass spectrometer. Results a9arbor seals
reported in the standa@t*C and™N notation: The vibrissae of the first harbor seal sampled in August
_ 1996, HS-N, showed only one peak despite administration of
X (%0) = (RsampiéRstandara— 1) * 1000 two doses of labeled glycine 84 and 233 days earlier. An

identical peak occurred in approximately the same location
in a vibrissa collected after an additional 68 days (November
N, (air). Peptone was utilized as a reference check for machin 996) (Fig. 1). Thellabel was administereq to the secon_d
drzift( foz eve?y 10 samples. Analytical error for samples was ap narbor seal (HS-P) in June 1996 and a whisker was cut in
proximately +0.1%. for both carbon and nitrogen. November, after 155 days. No marker was evident in HS-P’s
whisker (Fig. 2) in spite of high concentrations of the label
in the blood samples confirming the availability of the la
beled amino acid (Fig. 3). No marker was evident in either
seal between the time the last label was administered (June
Following injection of the labeled glycine, isotopic analy 1996) and the last cutting of the whiskers 765 days later
ses of blood samples in both captive seals and sea lionJuly 1998). HS-N showed a significant increase in keratin
showed a rapid increase in bad¥C andd'®N. The changes &N and&'C, by 3 and 1.1%., respectively, once the isoto
in the nitrogen-isotope ratio were the most pronounced, repic peak diminished and isotopic values returned to constant
flecting the higher ratio of label t&N in the body composi  levels.
tion. Decreases in bloodC and&'>N over time indicated The decrease in blood-serum isotope ratios shown in Fig. 3
loss of the isotope through respiration (carbon) or excretiof{SSL-L) are evidence of the carbon-isotope ratios returning
and incorporation into body proteins (DeNiro and Epsteinto pre-injection levels 64 days later, while the nitrogen-isotope
1978, 1981; Boutton 1991). ratios in the serum showed a large enrichment equivalent to

where X is 13C or N and Ryympieis the 1*C/*2C or N/*N ratio.
Rstandarafor 1°C is Pee Dee Belemnite and f&iN it is atmospheric

Results
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Fig. 2. Stable-isotope plots from vibrissae of a captive adult har Fig. 3. Stable-isotope ratios in blood serum following injections
bor seal, HS-P. Nd°N peak was visible in the vibrissae cut in  of &'3C- andd'>N-labeled glycine into harbor seals HS-N and

November 1996 (A) or July 1998 (B). Plots show the most HS-P (A) and Steller sea lion&€(@metopias jubatysSSL-L and
recent growth at the base of the vibrissae (0 cm). SSL-S (B). Note the time-scale break with SSL-L. SSL-S
received only the>N label. @, 1°C; A, °N).
5 h (A) [ 120
-10— i —100
0- 100 (A) '+ (B)
_ | L80 — i
£ 60 = g : 9
-101 1996-05-11 i 3 : g
2o 10 5190 I“_)Z S -15-HS-N : L 50 z
Ze) _15- -40 o] %’o : ‘-IO
-201 - :
-25 T T T T 0 20 1 0
W w w w w w .
zz2 z z zg g g
5 (B) 120 33 3 3 3 33% <
0 100 T ~® IR] 8
g -5 80 g Fig. 4. Stable-isotope plots of vibrissae from an adult male har
. _na. 60 = bor seal recaptured in southeastern Alaska. A vibrissa sampled in
,.9 10 998 09-07 13 u-,z September 1994 (A) is contrasted with a vibrissa taken from the
o =15 wﬁé\g 40 o same seal 7 months later (B). Plots show the most recent growth
at the base of the vibrissae (0 cm).
-20 3N 20 (0 cm)
-12 (A) 21
-25 0 20
0 2 4 6 8 10
Length (base to tip), cm ~ 51C 19 -
=. 18 =
| - y 15 51N -
approximately 100% of the initial increase. It was deter- 17 &
mined that this 64-day period was the overall time elapsedwo “o
between the initial increase and subsequent decrease in blood- 16
serum isotope ratios exhibited in SSL-L after administration
of the labeled glycine (refer to Fig. 3). In the absence of har \ 1994-13 15
bor seal data, information on blood-serum clearance from _jgl—y ——y — [13-09 14
the Steller sea lion was used. Owing to the availability of the \ \
label, the period from the start of the increase in isotope ra 129\ \ (B) 21
tios in HS-N’s vibrissae until the point when the ratios re a3\ V' At=7months f20
turned to constant levels was presumed to be 64 days. The \ \ \
enriched portion of the whisker measured approximately — =14 s |10 =
2.1 cm and if the label was available for as long as 64 dayss2 _ 18 =
from mid-January to mid-March, the growth rate would be ¢y 3N =
0.33 mm/day. The distance before and after the marker repf2 17 2
resented growth of HS-N's whiskers from late September®® _ 16 w
1995 to potentially mid-June 1996, assuming a constant growth
rate. Growth had not resumed as of early November, when 15
the second whisker was analyzed, as indicated by the same 19 . . —1995-19-04 14
relative position of the marker in the vibrissae. If the isotope  ~ 0 9 4 6 8 10

peak represented the label administered in January 1996, then
the growth rate from the beginning of the peak until the time Length (base to tip), cm

the vibrissa was cut in August 1996 would be 0.37 mm/day.

However, if the peak represented the label administered in

June 1996, then the growth rate through August would haveome time in June, before the second label could be adminis
been 0.60 mm/day. The vibrissa growth rate based on theered and incorporated. A third whisker removed from HS-N
January injection date is nearly identical with the rate calcu20 months later showed no evidence of any carbon and
lated from the rise and fall of thé& values from the marker nitrogen enrichment.

in the blood. These data indicate that the peak resulted from An adult harbor seal from southeastern Alaska that was
the January injection of the label but that growth had ceasedriginally tagged by the Alaska Department of Fish and
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Fig. 5. Stable-isotope plots from vibrissae of an adult female harbor seal killed in Prince William Sound, Alaska. Anterior (A and B)
and posterior (C and D) vibrissae and vibrissae from the left (A and C) and right side of the muzzle (B and D) are contrasted. Plots
show the most recent growth at the base of the vibrissae (0 cm).

12, (A 2 A2 (B) 20
-134 5150 L 19 13 19
,\é\ 141 L 18 ,—8\ /\8\ 14 §13C 18 ’\'8\
SORRTI L17 & = 15 st 17 &
515N -
o%) -161 NP U L 16 mZ o%) A6{./ 16 2
Yo 17 15 %5 o 171 F15 7o
-184 L 14 -18 L 14
191 A2 - RIGHT 13 19 A4 - LEFT 13
0 1 2 3 4 5 6 0 1 2 3 4 5 6
12, - 20 12 - 20
131 (©) 19 131 (D) 19
S/ e ] 8¢
g 4 L 18 ’\g ’\g 14 18 3
SUNETY . L17 S < 5] . L7 &
N pd N |
i,,%) 46— O 16 .5 O [-F PN/ . 16 Z
o AT 15 %0 o -171 t15 55
-184 14 181 14
19 1P2- RIGHT 13 9+ES;LEFT 143
0 1 2 3 4 5 6 0 1 2 3 4 5 6
Length (base to tip), cm Length (base to tip), cm

Game and sampled in September 1994 was recaptured iavel. SSL-S showed an increase in ker&itN by 0.8%. af-
April 1995. Whiskers that had been collected at both timeger the first&!>N peak returned to a constant level, and also
were analyzed for their stable-isotope ratios. During theexhibited an additional 0.9%. increasedtN after the sec-

7 months, the whiskers had an average growth rate oénd isotope peak diminished.

0.08 mm/day (Fig. 4). Neither the second nor the third re- Two subadult Steller sea lions held at the Vancouver Aquar-
captured harbor seal showed any similarity or overlap beium had their vibrissae clipped annually during a 3-year pe-
tween their two vibrissae. riod. It was possible to match features of the isotopic trends

The subsistence-harvested adult seal showed no distinainong one sea lion’s vibrissae, and the overlap in vibrissae
difference in isotope ratios between anterior and posterioallowed for a growth-rate estimate. The daily growth rate for
vibrissae or between vibrissae along the left and right sidethis animal, averaged over 14 months, was 0.14 mm/day
of the muzzle (Fig. 5). All the vibrissae ranged from 3 to (Fig. 8). A second sea lion had a much shorter overlap of
4 cm in length and eight vibrissae on each side of the-muzgrowth in two successively cut whiskers. The daily growth
zle were large enough for isotopic analysis to be conducted.rate for the second animal, averaged over 2 winter months,

was 0.17 mm/day.
Steller sea lions Subadult and adult sea lions € 30) sampled from the

The two captive adult sea lions each received two doses afild for another study showed consistent isotopic oscilla
labeled glycine as shown in Table 1. Whiskers were allowedions along their vibrissae, with growth rates ranging from
to grow over a 672- and a 735-day period. The first sea lion0.05 to 0.18 mm/day and averaging 0.10-0.14 mm/day, as
SSL-L, received one dose of doubly labeled amino acid angduming that the major oscillations which were evident were
one dose of*N-labeled amino acid 308 days apart. The stableannual (Fig. 9). Oscillation length varied from animal to
isotope ratios in the vibrissa first showed the presence o&nimal and from year to year. Growth rates averaged over
both enriched™>N and3'3C as peaks, corresponding to the 12 months were 0.11-0.12 mm/day for all sea lions €om
doubly labeled amino acid, and later only a peak of enrichetined. The subsistence-harvested sea lion also showed no
&'N corresponding to thé°N-labeled amino (Fig. 6). SSL- distinct variation in isotope ratios between anterior and pos
S’s vibrissa exhibited two enriched peaksd&iN that repre  terior vibrissae and between vibrissae along the left and
sented the two doses dfN-labeled glycine administered right sides of the muzzle (Fig. 10).

183 days apart (Fig. 7). Growth rates between the two mark
ers ranged from 0.05 to 0.07 mm/day for both sea lions. The
vibrissae were retained by the sea lions for more thampjscussion
735 days, demonstrating retention rates in excess of 2 years.

SSL-L showed a significant increase in keradfN and These simple marker and observational studies indicate
&13C, by 2.4 and 0.6%o, respectively, after the enriched valthat the growth characteristics of the vibrissae of harbor
ues began to diminish along the vibrissae and isotope valueseals and Steller sea lions are remarkably different. Growth
returned to constant levels. No additional chang&N was  rates in the seals indicated an irregular growth pattern through
evident after the second!®N peak returned to a constant out the year and annual loss of vibrissae, while the sea lions
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Fig. 6. Stable-isotope plot of a vibrissa from a captive adult
Steller sea lion, SSL-L. The peak &°C and the peak i®*°N

Can. J. Zool. Vol. 79, 2001

Fig. 7. Stable-isotope plot of a vibrissa from a captive adult
Steller sea lion, SSL-S. The peak N farthest to the right

farthest to the right represent the doubly labeled glycine adminisrepresents th&'*N-labeled glycine administered in August 1996,

tered in June 1996, while the left-hand pealdtiN represents

while the left-hand peak represents &léN-labeled glycine ad

the 8'°N-labeled glycine administered in April 1997. The vibrissa ministered in April 1997. The vibrissa was cut in June 1998. Plots
was cut in June 1998. Plots show the most recent growth at the show the most recent growth at the base of the vibrissa (0 cm).

base of the vibrissa (0 cm). 5- - 120
5. r 120
0- - 100
0 - 100
- =51 - 80 -
-5 1 - 80 = Py s
£ |1998:23-06 6 2 L 107 :/998 23:06 . r60 =z
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-20 1 65N - 20
-25 T T T T o
-25 . . 0 0 3 6 9 12 15
0 3 6 9 12 15 Length (base to tip), cm

Length (base to tip), cm

Fig. 8. Stable-isotope plots from vibrissae of a subadult female Fig. 9. Stable-isotope plot from a vibrissa of an adult female
Steller sea lion in captivity. The first vibrissa (A) was cut in No- Steller sea lion, SSLA34SE, collected in southeastern Alaska in
vember 1993. The second vibrissa (B) was cut in January 1995 June 1993. Each oscillation represents 1 year’'s growth of the

and shows overlap in growth with the first vibrissa. The third

vibrissa. Plots show the most recent growth at the base of the

vibrissa (C) was cut in February 1996 and was too short to re- vibrissa (0 cm).

veal any overlap in growth. Plots show the most recent growth at
the base of the vibrissae (0 cm).
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appeared to exhibit more consistent growth and year-to-year
retention of their vibrissae (Table 2).

Vibrissae collected from seal HS-N appeared to have grown
from the end of September until mid-June. HS-N had one
isotope peak after being given one dose of labeled glycine in
January, but growth-rate calculations indicate that the second
dose, given in June, was not incorporated. The fact that the
peak remained in approximately the same location on ‘whis
kers sampled from HS-N in August and November lent fur
ther support to the conclusion that the isotope peak was the
result of the January injection and the assumption that growth
decreased to some minimal level or ceased altogether in
June. At some time during the next 20 months, however,
most or all of the vibrissae appeared to have been lost, and
the marker was not evident in the existing vibrissae.

Variations in seasonal metabolic rate may have some con
nection to the period of rapid growth in the harbor seal
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Fig. 10. Stable-isotope plots from vibrissae of a killed adult female Steller sea lion from the Pribilof Islands, Bering Sea, Alaska.
Anterior (A and B) and posterior (C and D) vibrissae and vibrissae from the left (A and C) and right side of the muzzle (B and D)
are contrasted. The numbers 18 and 15 and 1 and 3 refer to specific anterior and posterior vibrissae, respectively. Plots show the most

recent growth at the base of the vibrissae (0 cm).

-107  (A) 25 101 (B) 25

-13 22 13 22
—_ 813C _ o~ 813C “o
£ 16 515N 19 £ £ 16 ’V\i 515N 19 &£
O Z 0O Z
© 19 16 2 2 .19 16 2
o ZoRo) o

-22 13 22 13

A18 - LEFT
.25 . i i . 10 25 A15 - RIGHT 10
0 3 6 9 12 15 0 3 6 9 12 15

10 ©) 25 -10 (D) 25

-13 22 -13 22
—_ 8"%c —_ o~ 813C —_
= Wsﬁn 10 £ .16 e 10 £
O Z 0O P4
® 19 162 2 .19 16 2
o) w o

-22 13 .22 13

25 P1 - LEFT 1 10 25 P3 - Rlc;HT . . . 10

o 3 6 9 12 15 o 3 6 9 12 15
Length (base to tip), cm Length (base to tip), cm

Table 2. Growth rates of vibrissae in harbor seals and Steller sedhe label in their vibrissae. The enriched isotope signals re-
mained in the vibrissae for more than 2 years after the initial

lions.
doses of glycine were administered, which indicates that
Mean growth — \ihrissae are retained from year to year. The range of vibrissa
Age-class rate (mm/day)  growth rates in captive adult sea lions was similar to the
Harbor seals estimatedrate for each oscillation in wild adult animals.
Captive (Mystic, Conn.) Adult 0.33-0.37 Vibrissae had been collected from the Steller sea lions at the
Wild (Alaska) Adult 0.08 Vancouver Aquarium when the animals ranged in age from
Steller sea lions 2 to 4 years. Periodic changes in the animals’ diets are evi
Captive (Mystic, Conn.) Adult 0.05-0.09 dent in the shifts in stable-isotope ratios along their
Captive (Vancouver, B.C.) Subadult 0.14-0.17 vibrissae, as represented by one sea lion in Fig. 8. These
Wild (Alaska) Adult 0.10-0.14 changes were confirmed by isotopic analysis of the animals’
food. The growth rate in the juvenile sea lions was twice

that exhibited by the captive adults. Metabolic observations

vibrissae. Rosen and Renouf (1995) observed an 84% irmade by D. Rosen on the captive juvenile sea lions showed
crease in the resting metabolic rate (RMR) of captive adul@ maximum RMR during late fall and a minimum RMR dur
harbor seals from November through April and a RMR thating April and May (personal communication), but no com
was higher than the average August estimates for the anparable adult levels are available at this time. The
mals. The rapid growth of HS-N's vibrissae was also ob Oscillations observed in both the carbon- and nitrogen-
served during the same winter-to-spring period (Lavigne etsotope ratios for the wild sea lion in Fig. 9 are not the result
al. 1982; Davis et al. 1985). of endogenous rhythms but, rather, of dietary and-geo
Our first measure of the growth rate of vibrissae in wild graphic changes (Hirons 2001). This point is further Hlus
seals came from a recaptured adult prior to the beginning dfated by the lack of isotopic oscillations, except those
the labeling experiment. During that 7-month period fromresulting from the labeled glycine, in the sea lion vibrissae
September to April, vibrissa growth was thought to be constantepresented in Figs. 6 and 7, which did not undergo any di
at a rate one-fourth of that of the captive seal’s vibrissaeetary changes during the experiment.
One or both of these seals may have been impacted by dif Stable-isotope analysis of blood serum revealed that the
ferences in habitat, feeding, and energetics that could hawearbon was cleared faster than the nitrogen. The carben iso
affected their vibrissa growth rates. Further experimentationopes showed evidence of respiratory loss, whereas'the
will be necessary to address these possibilities. values were additive over the duration of the experiment as a
Both captive Steller sea lions that received two doses ofesult of transamination and reincorporation into the body
singly and (or) doubly labeled glycine showed evidence oftissues. The pronounced changes in nitrogen-isotope ratios
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reflected the relative quantities of the element in the bodyand sea lions, will be needed to better define these patterns.
composition of these animals. The nitrogen and carbon isoStable-isotope-labeled amino acids provide a safe and-effec
topes in the vibrissa keratin continued to show enrichmentive means of applying internal markers for experiments on
over pre-injection values for a long time following the initial vibrissa growth rates.

sharp decline in the isotope peaks. The enrichment in HS- Further studies should expand our understanding of how
N’s isotopes was most pronounced and led to a long-termvibrissa growth may change throughout an animal’s life-
increase of about 2%. over the duration of the experimentspan. Vibrissae from seals and sea lions contain a timeline of
There were no changes in the diets of the captive harbostable-isotope ratios derived from prey items. By comparing
seals or Steller sea lions during or after the labeling experithe isotope ratios along the length of vibrissae with those of
ment. The total retention time of detectable label remainsuspected prey items, changes in food sources and habitat
unknown, as long-term monitoring of the animals’ vibrissaecan be surmised for the temporal span represented by the
could not be maintained. The residence time of this residuagrowth of the whisker. The trophic information these tissues
label, particularly in Steller sea lions that retain their vibrissaeprovide will enhance our knowledge of the animals’ fooel re
should provide valuable information on turnover rates ofsources while perhaps providing clues to the causes of their
proteins and could conceivably be used for wild animalspopulation declines.

when recapture is a possibility.

The carbon and nitrogen isotopes in the vibrissae of wild
harbor seals did not show any type of repetitious pattern thaAcknowledgments
might be indicative of an annual cycle. Two wild harbor .
seals, one recaptured after 1 year and the other after 2 years, | € authors gratefully acknowledge the assistance of Dr.
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tain their vibrissae for several years and likely replace the 001-30661. the North Pacific Universities Consortium on
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time as the annual molt occurred but were replaced irregu
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