Supplementary Information
1. Methods
1.1.Age estimation

Age can be estimated from FL using validated FL\Agie Bertalanffy growth curvefor blue
sharks (Natanson & Skomal 20G8d porbeagles (Natanson et al. 2002g FL of sequential
vertebral samples from individual sharks can be estimated from sample VR (distance of each
sample from the vertebral centrum along VR) using VR:FL relationships.

Validated VR:FL relationships exist for blue shéidatanson & Skomal@d3)and porbeagle
(Natanson et al. 200®2unk vertebrae, whereas a relationship for blue shark cervical vertebrae was
estimated in this study from VR and FL datadervical vertebrae from central and eastern blue
sharks, constrained by VR and FL valaébirth estimated from age at birth = 0 years using inverse
validated FL:age and VR:FL relationships for blue shark trunk vert¢brgeS1)

Nevertheless, VR and FL data for truwdetebrae fronsharks examined here were somewhat offset
from the validated relationships, most likely duestmrs or approximations in the measured VR or
because vertebragere excised froman even slightlyifferent position along the spinal cord

Clearly, smaller ¢r potentially greater) measured VR compared to the VR that would be predicted
at a FL bytheVR:FL relationship, would result in und@ver) prediction of FL, which would then
propagate exponentially to age estimates.

To account for this issue and ingpecomparability of age estimates across individuals, we

calculated an adjusted VR from FL data for each shark using inverse validated VR:FL relationships
for trunk vertebrae from porbeagles and western blue sharks, and the inverse estimated relationship
for cervical vertebrae from central and eastern blue shunks correction assumes thaR:FL
relationships are exadiut corrects for difference between the measured VR and the VR that would
be predicted at a FL by VR:FL relationships, and thus foeufaber) prediction of FL and age

from measured VR.

When age was estimated for sequential sangalsctedalong VR, the adjusted VR was used to
calculate the (achievedyerageanterval between adjacent samp{@sgint mm)for each vertebra
(Egn. S1)
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whereAdjVR(mm) is the adjusted VRY is the number of sequential samples collected for the
vertebra.

The median distance alofadjustedVVR (d, mm)was calculated for each sample (Eqn..S2)
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wheresamplelDis the sequential number of each sample alonglivRme-series analysis, where
combined samples are displayed as duplicated datapoints with different age but same isotope
values sample distance along VR was calculated for each sample in the combination and samplelD
was therefore the ID of each single sample in the combination. In variance analysis, where
combined samples are single datapoints with age calculated for the cosdnimglé and isotope



values measured in the combined sample, samplelD was the mean of IDs of samples in the
combination: e.g., if samples 1+2 were combined, samplelD = 1.5.

Sample distancerasconverted to FL using the validated VR:Flationships for blue shark and
porbeagle trunkertebragEqrs. S3$4) and the estimated relationship Bhue shark cervical
vertebragEqn. S5).
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which, sdving for FL, becomes
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a=0.89 and = 3.10 for blue shark (combined sexes) trunkelmde(Skomal &Natanson 2003),
a=0.88 and b = 2.96 for porbeagle (combined sexes3lwaxt(Natanson et al. 2002n Eogn. S5,
Abshcerv = 22.04 andpshcerv = -6.31(this study) These are coefficients for the lind&R:FL
relationship estimated fdrlue sharkcervical verébraeusing VR and FL data farervicalvertebrae
from central and eastebiue sharksconstrainedby VR and FL values at birth (estimated from age
at birth = 0 years, using inverse validated FL:age and VR:FL relationships for truelraert

Sample estimated FL w#senconverted to age using validated FL:age Von Bertalanffy growth
curves forbluesharksandporbeaglegsEqn. S6)
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Forblue sharksk-Lmax= 310.00K = 0.13andage = -1.77 (females; Skomal & Natanson 2003);
for porbeaglesLmax= 289.40K = 0.07andage = -6.06 (combinedexes; Natanson et al. 2002).

Note that the curve is steepard reaches the plateau phase more quickly in blue sharks, accounting
for difference in longevity between the two species. Also, FL values at birth calculated from age at
birth = 0 years using inverse validated FL:age relationships were 64 and 100 cm for blue sharks and
porbeagles, respectively. These values were greater than previously reported mean measured FL
values at birth (45 and 67 for blue sharks and porbeagigseatevely). This meant that, for mean
measured FL values at birth, validated Von Bertalanffy growth curves predicted negative-ages of
0.6 years in blue sharks afl3 years in porbeagles. For porbeagles in particular, small FL values
estimated for sames collected near the core of vertebral sections corresponded to negative ages up
to -6 yearsdue to the reduced steepnessalidated Von Bertalanffy growth curve by Natansbn

al. 2002 compared to as if this relationship was constrained by a FL value at birth of 67 cm (rather
than 100 cm) at age at birth = 0 yedrisis means tha¥on Bertalanffy growth curves are not

applicable to estimate ageringthe prebirth stage, tarefore sample age is not displayed in plots

for pre-birth samples.



2. Results

2.1.Individual profiles

2.1.1.Bulk protein

Within-individual variability in ontogenetic profiles of rai*C andii'°N values reflected a lorg

term ontogenetic pattern overlain by shierm excursions in all blue sharks and porbeagles except
individual 11 in all blue sharks and porbeagles except the porbeagle 134¥igrofiles of raw

Ut3C andit™N values were higlylvariable among individual®rofiles ofii*C values were

consistent across the three blue sharks from the Northwest Atlantiéj'¥Gtalues decreasing
around birth and increasing back to-bigth levels during juvenile and early adult growth (Fig.
S4G-1). Profiles were more variable in central and eastern North Atlantic blue stiEks.alues
increased linearly through ontogeny with a few small excursions in individuals 12 and 131, linearly
with regular pronounced oscillations in sharks 16 and 40d with a Ushape in individuals 24 and
33 (except for a pronounced excursion in the juvenile stage in individuBi3&4A-F). This U

shape resembles the pattern shown by Northwest Atlantic individuals. No evident consistencies
were observed in proéik ofit°N values across areas or individudtg( S4A-1).

Profiles ofi*3C values were similar across the three porbeagles from the Northwest Atlantic and
more variable among individuals from the Northeast Atlantic &43-O). In the former group,

U3C values remained relatively constant through ontogeny, with a pronounced negative excursion
around birth and moderate excursions in juvenile and subadult stageS4%H). In individuals
from the Northeast Atlantic, values @fC decreased just be®birth and increased back to
maternal levels in juvenile and subadult stages in individual 11, increased slightly with regular
excursions in individual 40, and increased in latelpréh and early juvenile stages and decreased
in juvenile and subadultages in individual 1000 (Fig4J-L). Values ofii'>N increased stepwise

at an age 0f8-13 years and reached a plateau at an age of ~13 years in NoAllaett

porbeagles (FigS4M-O). No similar increase was observed in subadult porbeagles from the
Northeast Atlantic. Values @f°N remained relatively constant throughout life in individuals 11
and 1000 and increased slightly with regular oscillations in individual 40%Fi.).

2.1.2.Essential amino acids

Similar to ontogenetic profiles ii°C values of bulk protein, withiimdividual variability in
profiles of rawmii*3Cean and PCana values was given by a lostgrm (ontogenetic) pattern with
superimposed shetérm excursions (Fig.8S13& S15). Profiles were highly variable, but
commonalities and differences in profiles of Rgalscores were observed among areas and
individuals (Fig S15). In blue sharks, PGAa (henceli®Cean) values increased throughout life in
all sharks but individual 33, recovering patterns in bulk prat&i@ values, despite patterns in
PCIean Were dampened with respect to bGHRC (Fig. SL5A-1). Scores of PTCean decreased
sharply around birth and increased back telpréh levels prior to capture in all but 441 and 33
individuals. Shorterm excursions in PGAa were generally related to those in bGlkC and more
pronounced and frequent in individuals 38% 441.

In porbeagles, PGAa scores decreased slightly throughout life in individuals from the Northeast
Atlantic and individual 599 and remained relatively constant in individuals 601 and 5781kig.
0). This pattern is opposite to that observentitk proteini**C values. Scores of PEd

decreased around birth in all sharks but individual 11. Excursions ignRP@#re related to those



in bulk proteinit3C in individuals from the Northwest Atlantic (particularly the excursions around
birth) butmostly independent in sharks from the Northeast Atlantic.
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Figure S1. Validated VR:FL relationships fdue sharPrionace glaucaA) and porbeagle

(Lamna nasusB) trunk vertebrae (black lineghd estimated relationshipr blue shark cervical

vertebrae from VR and FL data for cervical vertebrae ftentral and eastern blue sharks

examined hereconstrained by VR and Rlaluesat birth (grey line)Measured/R andFL dataare
displayedfor individual sharksds in figure legend Adjusted VR valuesvere estimated from FL

data using inverse VR:FL relationships to correct for errors or approximations in the measured VR,
which would result in under (or over) predictiof FL and propagate exponentially to age.

Adjusted VR values calculated with validated and estimated relationships and FL data are displayed
as black and grey circles, respectively.
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Figure . Typical chromatograph from tlanalysis of carbon isotope ratios in single amino acids.
Peaks are labelled to indicate £®ference and amino acids. Numbers indicate retention times.
The peak with retention time = 1180.01 s is neither ai@f@rence nor an amino acid peak,
therefores unresolved.
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Figure $. Biplot of bulk proteini‘3C versudi®N valuesin sequential vertebral samples from
individual blue sharksnd porbeaglesaught acrosthe North Atlantic (as in figure legend)
Symbol size is proportional to sample distaalmg the vertebral radius. Ellipses represent
standard ellipse areas corrected for small sample size (At al. 2012; Newsome et al.
2007); the blue ellipse is determined for blue sharks @.93the red ellipse for porbeagles
(1.7% 2. For clariy, blue sharkand porbeagle samples are displaye@hinand(B), respectively,
along with the standard ellipse for the other spedibs.overlap for SEAc between blskarksand
porbeaglsis 0.26i 2. The posterior probability that Bayesiastimated stadtard ellipse area
(SEA.B, n =20,00Q is larger for blue sharks than for porbeagles v246.8
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Figure S4. Individual profiles af*3C (black)andi!®N (red)values of bulk protein in blue sharks
from the midAtlantic Ridge (AC), Canary Islands ({F) and Northwest Atlantic (&, and
porbeagles from the Celtic SeaKYand Faroe Islands (L) and Northwest Atlantic-Q.

Individual ID is displayed at the tayf each panel. Datapoints are measured values, lines are
predicted values obtained by fitting tleast smooth as possililleess smoother. Grey vertical lines
represent age at birth and at maturity and separatainting juvenile and adult lifdistory sages.
Sample ages are not plotted in the-pirth stage as Von Bertalanffy growth curves are not
applicable to backalculated age during this stadéwe error bars in panel A are lobgrm standard
deviations fori*3C andi**N analyses.
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Figure S5. Intvidual profiles ofii*3C values of the essential amino acid valine (blue) and bulk
protein (black). Figure description is the same as for$4gThe error bars in panel A are leng
term standard deviations for valine and bulk prot&fT analyses.



Figure S6. Individual profiles af-*C values of the essential amino acid isoleucine (blue) and bulk
protein (black). Figure description is the same as for$4gThe error bars in panel A are leng
term standard deviations for isoleucine and bulk prafeéid analyses.



