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The Atlantic tarpon (Megalops atlanti-
cus) is believed to be a long-lived fi sh. 
The strongest evidence is from a cap-
tive female Atlantic tarpon that lived 
to at least 63 years when it died in 
1998 at the John G. Shedd Aquarium in 
Chicago, Illinois.1 Life in the aquarium, 
however, is diffi cult to compare with 
life in the natural environment. A simi-
lar longevity of 55 years was estimated 
from growth zones in sagittal otoliths 
of a wild female tarpon (Crabtree et 
al., 1995). The annual periodicity of the 
growth zones used to estimate age was 
validated by using oxytetracycline up 
to an age of 9 yr in captive fi sh (Crab-
tree et al., 1995), but extrapolation of 
these results to older, wild fi sh, how-
ever, is fallible. In addition, wild Atlan-
tic tarpon are highly migratory and 
inhabit waters that vary considerably 
in salinity (0 to 43 ppt) and tempera-
ture (17° to 37°C; Zale and Merrifi eld, 
1989; Nichols2). It is uncertain what 
affect these changing conditions have 
on the formation of growth zones in the 
otoliths, but periods of stress have been 
shown to halt otolith growth (Cam-
pana, 1983). Furthermore, growth slows 
with age and growth zones become 
increasingly compressed, rendering oto-
lith growth zones diffi cult to interpret. 
To circumvent the potential problems 
of otolith interpretation and to inde-
pendently determine age, an applica-
tion of the radiometric aging technique 
by using the 210Pb:226Ra disequilibria 
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Abstract–An improved radiometric 
aging technique was used to examine 
annulus-derived age estimates from 
otoliths of the Atlantic tarpon, Meg-
alops atlanticus. Whole otoliths from 
juvenile fi sh and otolith cores, repre-
senting the fi rst 2 years of growth, from 
adult fi sh were used to determine 210Pb 
and 226Ra activity; six age groups con-
sisting of pooled otoliths and nine indi-
vidual otolith cores were aged. This 
unprecedented use of individual oto-
lith cores to determine age was possible 
because of improvements made to the 
226Ra determination technique. The dis-
equilibria of 210Pb:226Ra for these sam-
ples were used to determine radiometric 
age. Annulus-derived age estimates did 
not agree closely with radiometric age 
determinations. In most cases, the pre-
cision (CV≤12%) among the otolith 
readings could not explain the differ-
ences. The greatest radiometric age was 
78.0 yr for a 2045-mm-FL female, where 
the radiometric error encompassed the 
annulus-derived age estimate of 55 
yr by about 4 yr. The greatest radio-
metric age for males was 41.0 yr for a 
1588-mm-FL tarpon, where the radio-
metric error encompassed the annulus-
derived age estimate of 32 yr by 1 yr. 
Radiometric age determinations in this 
study indicated that the interpretation 
of growth zones in Atlantic tarpon oto-
liths can be diffi cult, and in some cases 
may be inaccurate. This study provides 
conclusive evidence that the longevity 
of the Atlantic tarpon is greater than 
30 years for males and greater than 50 
years for females.

in sagittal otolith cores (Campana et 
al., 1990) of Atlantic tarpon was per-
formed, and the results are discussed 
in the context of existing estimated 
growth parameters.

Materials and methods

Pooled and individual otolith cores from 
Atlantic tarpon were analyzed for 210Pb 
and 226Ra to determine age. Annulus-
derived age estimates were based on 
six independent otolith readings deter-
mined by Crabtree et al. (1995) and 
resulted in a coeffi cient of variation 
of less than 12%. For radiometric age 
determination, otoliths were pooled into 
six groups based on annulus-derived age 
estimates, sex, and collection date. In 
addition, nine individual otoliths were 
analyzed. The age groups were selected 
to cover the full range of annulus-derived 
age estimates. Selected age groups had 
a narrow age range and members of the 
group were collected within a 6-month 
period. Otoliths of adult age groups were 
cored to the fi rst two years of growth 
and otoliths of the youngest age groups 

1 Pamper, K. 1999. Personal commun.
John G. Shedd Aquarium, 1200 S. Lake-
shore Dr., Chicago, IL 60605.

2 Nichols, K. M. 1994. Age and growth of 
juvenile tarpon, Megalops atlanticus, from 
Costa Rica, South Carolina and Venezu-
ela. Senior thesis, Univ. South Carolina, 
Columbia, SC 29208, 52 p.
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were analyzed whole because they were similar in size to 
cores from adult fi sh. Because 2-yr cores were large and 
the activity of 226Ra was relatively high (~10 to 100 times 
higher than usual; Andrews et al., 1999b), single otoliths 
were analyzed with the radiometric aging technique. 

Coring the adult otoliths required establishing a target 
size and weight that closely approximated that of an oto-
lith from a 2-year-old fi sh. Dimensions and weights of 
otoliths from four juvenile fi sh aged 2 years were record-
ed and averaged; the resultant dimensions were approxi-
mately 12 mm long by 6 mm high by 1 mm thick and a 
weight of 0.1 g. Each otolith from each adult age group 
was sculpted into this shape and weight by being hand-
ground on a Buehler Ecomet® III lapping wheel. All sam-
ples were cleaned of any adhering contamination by fol-
lowing specifi c procedures described elsewhere (Andrews 
et al., 1999b). These clean samples were placed in acid-
cleaned 100-mL Tefl on® PFA Griffi n beakers and dried at 
85°C for 48 h. 

A detailed protocol describing sample preparation, chro-
matographic separation of 226Ra from barium and calci-
um, and analysis of 226Ra using thermal ionization mass 
spectrometry (TIMS) is described elsewhere (Andrews et 
al., 1999b). Only an overview of the 226Ra procedures is 
given here with details on the determination of 210Pb ac-
tivity. Because the levels of 226Ra and 210Pb typically found 
in otoliths were extremely low (from femtograms [10–15 g] 
for 226Ra and attograms [10–18 g] for 210Pb) and because 
of the great potential for contamination from calcium, bar-
ium, and lead, trace-metal clean procedures and equip-
ment were used throughout sample preparation, separa-
tion, and analysis. All acids used were double distilled 
(GFS Chemicals®) and dilutions were made with Milli-
pore® fi ltered Milli-Q water (18 MΩ/cm). 

To determine 226Ra activity with thermal ionization 
mass spectrometry (TIMS), the sample must be clean of 
naturally occurring organics (such as otolin). Organic resi-
dues elevate background counts in the 226Ra region and 
increase the analytical uncertainty during TIMS analy-
sis. Dried and weighed samples were dissolved in beakers 
on hot plates at 90°C by adding 8N HNO3 in 1–2 mL ali-
quots. Alternation between 8N HNO3 and 6N HCl, with 
an aqua regia transition, several times resulted in com-
plete sample dissolution. The dried sample, after dissolu-
tion, formed a yellowish foam. To further reduce any re-
maining organics, and to put the residue into the chloride 
form required for the 210Pb activity determination proce-
dure, the samples were redissolved in 1 mL 6N HCl and 
taken to dryness fi ve times at ~90°C. A whitish residue in-
dicated that a suffi cient amount of the organics had been 
removed. These samples were used to determine 210Pb ac-
tivity prior to TIMS analysis.

Determination of 210Pb Activity 

To determine 210Pb activity in the otolith samples, the 
alpha-decay of 210Po was used as a daughter proxy for 
210Pb. To ensure that activity of 210Po was due solely to 
ingrowth from 210Pb, the time elapsed from capture to 
210Pb determination was greater than 2 yr. Samples pre-

pared for 210Po analysis were spiked with 208Po, a yield 
tracer. The amount of 208Po added was estimated on the 
basis of observed 226Ra levels in otoliths of juvenile tarpon. 
This amount was adjusted to fi ve times the expected 210Po 
activity in the otolith sample to reduce error in the 210Pb 
activity determination. The spiked samples were redis-
solved in approximately 50 mL of 0.5N HCl on a hot plate 
at 90°C covered with a watch glass. The 210Po and 208Po-
tracer were autodeposited for 4 hours onto a silver plan-
chet (Flynn, 1968). The activities of these isotopes were 
determined by using alpha-spectrometry on the plated 
samples. Quantifi cation of the 210Po was made by subtract-
ing a detector blank and reagent counts from each peak 
region-of-interest, by multiplying the 210Po:208Po count 
ratio by the known 208Po activity, and by correcting for 
decay back to the time of plating. To attain suffi cient 
counts, samples were counted for 21–23 d. The solution 
remaining after polonium plating was dried and saved for 
226Ra analyses. 

Determination of 226Ra Activity

To prepare the samples for 226Ra activity determination 
with TIMS, each sample was spiked with 228Ra, a yield 
tracer, and a newly developed ion-exchange separation 
technique was used to isolate radium from calcium and 
barium (Andrews et al., 1999b). The fi nal samples were 
processed by using TIMS and the measured ratios of 
226Ra:228Ra were used to calculate 226Ra activity. The anal-
ysis of unspiked otolith samples indicated that 228Ra was 
not present in measurable quantities in otoliths of juve-
nile fi sh, and no adjustment was necessary for the mea-
sured 226Ra:228Ra ratio in spiked samples.

Radiometric age determination

To assess the feasibility of applying the radiometric aging 
technique to Atlantic tarpon, uptake of 210Pb and 226Ra 
was assessed in otoliths from juvenile fi sh. Because the 
age of juvenile Atlantic tarpon is better constrained than 
that of adults, age was determined by using 210Pb:226Ra 
disequilibria in whole otoliths from juvenile fi sh. For the 
juvenile otolith samples, the age determined would be 
higher than expected if a signifi cant amount of exogenous 
210Pb was incorporated into the otolith.

Age was estimated from the measured 210Pb and 226Ra 
activities (Eqs. 1 and 2). Because the activities were mea-
sured from the same sample, the calculation was indepen-
dent of sample mass. For adult samples, where estimated 
age was greater than that of the 2-year-old core, radiomet-
ric age was calculated as follows with an equation derived 
from Smith et al. (1991) to compensate for the ingrowth 
gradient of 210Pb:226Ra in the otolith core,
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where tage = the radiometric age at the time of capture; 
 A210Pbtc = the 210Pb activity corrected to time of cap-

ture; 
A226RaTIMS = the 226Ra activity measured with TIMS; 
 R0 = the activity ratio of 210Pb:226Ra initially 

incorporated; 
 λ = the decay constant for 210Pb (ln(2)/22.26 yr); 

and 
 T = the core age (2 yr). 

The radiometric age calculation for the juvenile age-group 
was determined by iteration of an equation derived from 
Smith et al. (1991),
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where all equation components were as defi ned above. 
A radiometric age range, based on the analytical uncer-
tainty, was calculated for each sample by applying the cal-
culated error for 210Pb and 226Ra activity determinations 
to the measured 210Pb:226Ra. Calculated error included the 
standard sources of error (i.e. pipetting, spike, and cali-
bration uncertainties), alpha-counting statistics for 210Pb 
(Wang et al., 1975), and an analysis routine used to run 
226Ra samples on the thermal ionization mass spectrom-
eter (Andrews et al., 1999b).

Age estimate accuracy

To compare annulus-derived age with radiometric age, a 
plot of the annulus-derived age estimate and measured 
210Pb:226Ra activity ratio was compared graphically to 
the expected 210Pb:226Ra activity ratio from ingrowth. 
This comparison included a graphical compensation for 
the 210Pb:226Ra gradient in the core sample. This model 
assumed a linear mass-growth rate for the fi rst two years 
of growth. Annulus-derived age range and the analytical 
uncertainty of the activity ratio were plotted with each 
data point. A direct comparison of annulus-derived age 
and radiometric age was made in a plot where a regression 
of the data was compared to a line of agreement or slope of 
one. A paired two-sample t-test was used to determine if a 
signifi cant difference existed between the age estimates.

Von Bertalanffy growth functions were fi tted to the ra-
diometric ages with FISHPARM software (Saila et al., 
1988) and plotted with the annulus-derived ages and 
growth functions from Crabtree et al. (1995) for a visual 
comparison. High and low radiometric age and the size 
range of each sample were plotted for each data point. 
No statistical comparison was made between the growth 
functions because of the low number of samples and wide 
confi dence interval for each parameter.

Results

Six age groups and nine individual otolith cores were se-
lected for radiometric analyses (Table 1). Of the age group 

samples, three male samples and three female samples 
were selected to span the estimated age range of each 
sex. Male age groups were 2–4 yr, 18–21 yr, and 31–36 yr. 
Female age groups were 3–4 yr, 15–24 yr, and 48–50 yr. For 
each age group the capture dates were within a 6-month 
period, except the 2–4 yr male age group where the period 
spanned 7 months. Individual otolith core samples ranged 
in annulus-derived age from 13 yr to 32 yr for males and 
35 yr to 55 yr for females. The greatest annulus-derived 
ages were for females; the oldest female was estimated to 
be 55 yr and the oldest male was 36 yr. Fork length was 
lowest for the juvenile age groups and did not overlap with 
older age groups. There was some overlap between the 
middle and old age groups. Males were typically smaller 
than females; the largest male was 1620 mm FL and the 
largest female was 2045 mm FL. The number of otoliths 
used in each age group ranged from 4 to 11 with the fi ne-
cleaned sample weight ranging from 0.3314 to 1.0718 g. 
The individual core samples ranged in weight from 0.0884 
g to 0.1366 g. These samples are the lowest weights and 
the fi rst individual otolith cores ever used for radiometric 
age determination. 

Activities of 210Pb and 226Ra were determined and com-
bined to form an activity ratio for each sample (Table 2). 
The 210Pb activity spanned a wide range and increased 
from juveniles to adults by as much as 88 times. The low-
est activities were for the juvenile samples (0.003 and 
0.005 disintergrations per gram [dpm/g]) and the highest 
activity was 0.265 dpm/g (±6.0%) for the largest male 
(1620 mm FL). The activity of 226Ra varied by an order 
of magnitude and ranged from 0.044 dpm/g (±1.53%) to 
0.401 dpm/g (±1.02%). Calculated 210Pb:226Ra ranged, as 
predicted, between 0 and 1; the lowest activity ratios were 
for the juvenile samples and the highest were for large 
adults. All low and high ratios were within the limits of 0 
to 1 (values >1 are mathematically undefi ned; Eqs. 1 and 
2) except for the largest female (2045 mm FL), which had 
an upper limit that exceeded 1. Radiometric age of the ju-
venile samples was very close to the expected age (Table 
3). Exogenous 210Pb was, therefore, either not present or 
present in negligible quantities. This was inferred to be 
true for the core, or juvenile region, of adult Atlantic tar-
pon otoliths. 

Comparison of annulus-derived ages and radiometric ag-
es indicated there were differences in the aging results for 
each technique (Table 3). In most cases, the precision among 
the otolith readings could not explain the differences. 
In four cases, the different age estimates overlapped, but 
the extent of overlap was at the extreme of the age range. 
The lowest radiometric ages were one year for the samples 
from juvenile fi sh and the highest was 78.0 yr for the larg-
est adult female. 

A graphical comparison of the expected 210Pb:226Ra dis-
equilibria from ingrowth with the measured 210Pb:226Ra in-
dicated there was variation in the measured results above 
and below what was expected (Fig. 1). The low radiomet-
ric age for the juvenile age-groups indicated that uptake 
of exogenous 210Pb (R0; Campana et al., 1990) by juveniles 
was insignifi cant. Therefore, the best model for ingrowth 
of 210Pb from 226Ra in tarpon otoliths was for R0 = 0.0. 
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Table 1
Detailed summary of data for pooled otolith age groups and single otoliths from Megalops atlanticus. Age range of age groups is 
based on annulus-derived age estimates. Capture dates and average fork length are listed for comparison. Age groups consisted of 
4 to11 otolith cores and amounted to ~1 g. Single otolith cores weighed close to 0.1 g.

Age-group or Capture date Fork length Number of Sample
single otolith age (yr) or range (mm ±SD) otoliths weight (g)

Male
  2–41  7 Mar–16 Oct 1989  568 ±80 7 0.6786
 13 22 Jun 1989 1499 1 0.1129
 17  4 Jul 1989 1452 1 0.1124
 18–21  1 May–25 Jul 1989 1442 ±78 10 1.0498
 31–36 12 Jun–7 Jul 1990 1532 ±73 4 0.3480
 32  6 Jun 1989 1588 1 0.1279
 32 19 Jul 1992 1620 1 0.1220

Female
  3–41 24 Jan–15 Jul 1989  583 ±59 9 0.8775
 15–242  6 Jun–12 Aug 1989 1641 ±92 11 1.0718
 35  4 Jul 1989 1613 1 0.1002
 36 12 May 1992 1780 1 0.1331
 37 12 Jun 1993 1950 1 0.1167
 44  2 Sep 1991 2040 1 0.1366
 48–50 20 Apr–20 Jun 1989 1708 ±110 4 0.3314
 55  4 Mar 1991 2045 1 0.0884

1 Whole juvenile otoliths.
2 Ten otoliths ranging in age from 21 to 24 yr; one 15-yr-old otolith was erroneously included in this age group.

Table 2
Radiometric results for each Megalops atlanticus age group and single otolith samples. Activities are expressed as disintegrations 
per minute per gram (dpm/g).

Age-group or Sample 210Pb (dpm/g) 226Ra (dpm/g) 210Pb:226Ra 210Pb:226Ra 210Pb:226Ra
single otolith age (yr) weight (g) ± % error1 ± % error2 activity ratio low high

  2–43 0.6786 0.005 ±6.7 0.258 ±1.03 0.017 0.016 0.019
 13 0.1129 0.043 ±12.1 0.085 ±1.52 0.507 0.439 0.577
 17 0.1124 0.035 ±13.6 0.061 ±1.61 0.568 0.483 0.656
 18–21 1.0498 0.072 ±3.4 0.246 ±1.01 0.292 0.280 0.305
 31–36 0.3480 0.094 ±5.3 0.181 ±1.25 0.520 0.486 0.555
 32 0.1279 0.031 ±13.5 0.044 ±1.53 0.712 0.607 0.821
 32 0.1220 0.265 ±6.0 0.401 ±1.02 0.663 0.617 0.710

Female
  3–43 0.8775 0.003 ±5.7 0.217 ±1.06 0.015 0.014 0.016
 15–24 1.0718 0.059 ±3.9 0.163 ±1.07 0.362 0.345 0.381
 35 0.1002 0.119 ±8.2 0.299 ±1.35 0.397 0.360 0.435
 36 0.1331 0.086 ±8.5 0.144 ±2.24 0.597 0.534 0.663
 37 0.1167 0.126 ±8.0 0.243 ±1.18 0.518 0.471 0.567
 44 0.1366 0.113 ±7.4 0.170 ±1.33 0.667 0.609 0.726
 48–50 0.3314 0.148 ±4.5 0.266 ±1.19 0.555 0.524 0.587
 55 0.0884 0.086 ±12.2 0.094 ±1.42 0.909 0.787 1.035

1 Calculation based on standard deviation of 210Pb activity; Wang et al., 1975.
2 Calculation based on TIMS analysis routine (±1 SE).
3 Whole juvenile otoliths.
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Figure 1
Expected 210Pb:226Ra ingrowth curves and observed 210Pb:226Ra activity ratios for male and female 
Atlantic tarpon (Megalops atlanticus) individuals and age groups. Expected ingrowth curves repre-
sent initial uptake ratios (R0) of 0.0, 0.1, and 0.2. Expected 210Pb:226Ra ingrowth during early oto-
lith growth (until core-age) is based on a linear mass-growth model. After core growth, the secular 
equilibrium model for 210Pb:226Ra resumes and continues to unity. Data points are annulus-derived 
ages (average age for age groups) plotted against measured 210Pb:226Ra activity ratios. Vertical 
bars represent analytical uncertainty of 210Pb and 226Ra measurements. Horizontal bars represent 
the range of annulus-derived ages for age groups. The upper limit of the 210Pb:226Ra ratio for the 
oldest female exceeded 1.0; therefore, high radiometric age is mathematically undefi ned (Eq. 2).

Table 3
Comparison of annulus-derived ages and radiometric ages for Megalops atlanticus. The mean age of each group is based on annu-
lus-derived age estimates. The radiometric age range is based on low and high activity ratios from analytical uncertainty calcula-
tions. The radiometric age calculations are based on the measured ratio of 210Pb:226Ra.

Age-group  Mean  
or single annulus- Radiometric Radiometric
otolith derived age range age
age (yr) age (yr) (yr) (yr)

Male
  2–4 3.0  1.1–1.2 1.1
 13 13 19.6–28.7 23.7
 17 17 22.2–35.3 28.0
 18–21 19.0 11.5–12.7 12.1
 31–36 33.8 22.4– 27.0 24.6
 32 32 31.0–56.2 41.0
 32 32 31.8 – 40.8 35.9

1 Upper radiometric age limit for the 78-yr female is undefi ned because the 210Pb:226Ra ratio exceeded 1.0.

Female
  3–4 3.4  0.9–1.1 1.0
 15–24 22.6 14.6–16.4 15.5
 35 35 15.3–19.3 17.2
 36 36 25.5–35.9 30.2
 37 37 21.5–27.8 24.5
 44 44 31.2–42.6 36.3
 48–50 48.8 24.8–29.4 27.0
 55 55 50.6–undefi ned1 78.0

 Age-group  Mean  
 or single annulus- Radiometric Radiometric
 otolith derived age range age
 age (yr) age (yr) (yr) (yr)

Radiometric age and annulus-derived age (yr)
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Figure 2
Comparison of male and female Atlantic tarpon (Megalops atlanticus) 
annulus-derived ages and radiometric ages. A linear regression and a line 
of agreement are plotted for comparison. Vertical bars represent low and 
high radiometric age estimates based on the analytical uncertainty of 210Pb 
and 226Ra measurements. Horizontal bars represent the range of annulus-
derived ages for age groups. The upper limit of the radiometric age esti-
mate for the oldest female is undefi ned because the analytical uncertainty 
of 210Pb:226Ra exceeds 1.0.

Hence, radiometric age was determined on the basis of 
measured activity ratios and no adjustment for exogenous 
210Pb was necessary. When the radiometric and annulus 
reading (±12% CV) age ranges were considered graphical-
ly, most of the data points still did not agree with the ex-
pected ingrowth curve (R0=0.0). 

A direct comparison of annulus-derived age with radio-
metric age indicated that the ages were evenly distributed 
on either side of a line of agreement and that the slope of 
the regression (slope=0.915) was close to 1 (Fig. 2). Radio-
metric age was not statistically different from the annu-
lus-derived age estimates (paired two-tailed t-test, df=14, 
t=0.4181, P=0.6822). The coeffi cient of determination was 
low (adjusted r2=0.55; Kvålseth, 1985) and the power of 
the test to detect signifi cant differences was low because 
of the variability of the data and the small sample size. 
The analytical uncertainty associated with radiometric 
age determination or the reading range of the annulus-
derived age encompassed the line of agreement for only 
four samples. The sample with the closest agreement was 
a female (1780 mm FL) whose annulus-derived age was 
36 years. The annulus-derived age estimates of the juve-
nile age groups were high by 1.9 and 2.4 years. For older 
age groups and individual cores, annulus-derived age was 
higher than radiometric age by as much as 21.8 years and 

lower than radiometric age by as much as 23 years. Otolith 
sections that had radiometric and annulus-derived age es-
timates that differed considerably were photographed to il-
lustrate the diffi culty in aging otoliths (Fig. 3). 

Von Bertalanffy growth functions fi tted to the radiomet-
ric ages of males and females (Figs. 4 and 5) were similar 
to annulus-derived growth functions determined by Crab-
tree et al. (1995). However, the low number of radiometric 
data points resulted in large confi dence intervals (±95%) 
for growth model parameters. Radiometric-age growth pa-
rameters for males indicated an asymptotic length (L∞) of 
1550 ±83 mm FL and a growth coeffi cient (k) of 0.19 ±0.12 
(Fig. 4). Radiometric-age growth parameters for females 
indicated an L∞ of 2030 ± 227 mm FL and a growth coef-
fi cient (k) of 0.08 ±0.04 (Fig. 5). 

Discussion

In four cases, the radiometric age range encompassed the 
annulus-derived age estimate. The oldest female tarpon 
had an estimate (55 yr) that was lower than the radio-
metric age by 23 yr. The radiometric age range, however, 
encompassed the annulus-derived age by 4 years. This 
may indicate that the annulus-derived age estimate was 

correct in this case. The radiometric age val-
idation, by itself, confi rms the longevity of 
female Atlantic tarpon to at least 50.6 yr, but 
it may indicate that age can meet or exceed 
78.0 yr (Table 3). Similarly, the longevity 
of male Atlantic tarpon was confi rmed to 
at least 31.8 yr, but may exceed 41.0 yr. 
When the CV for annulus-derived age was 
included in the range of age estimates, some 
additional samples encompassed the radio-
metric age estimates, but most deviant ages 
could not be explained by this variation.

The wide dispersion of residuals and the 
low coeffi cient of determination indicated 
that there were differences between radio-
metric age and annulus-derived age that 
could be explained in the interpretation of 
otolith growth zones (Fig. 2). According to 
Crabtree et al. (1995), aging otoliths of the 
Atlantic tarpon was confusing and many 
were not readable. Although Crabtree et 
al. (1995) validated the annual periodicity 
of growth zone formation for 12 out of 18 
young fi sh up to an age of 9 yr in captivity, 
the pattern of growth zone formation in 
older, wild fi sh may not be annual. Because 
the tarpon is a migratory fi sh that inhab-
its inshore and estuarine waters of vary-
ing salinity and temperature and spawns 
offshore (Zale and Merrifi eld, 1989; Crab-
tree et al., 1992), there is a high potential 
for irregular growth zone formation from 
the stresses of extreme changes in habitat 
(Pannella, 1980; Campana, 1983). Suban-
nual growth zones may explain annulus-

y = 0.915x – 0.085

Adj r2 = 0.55

Male

Female



395Andrews et al.: Radiometric age validation of Megalops atlanticus

Figure 3
Transverse otolith sections from three Atlantic tarpon (Megalops atlanticus) illustrating the inherent diffi culty in counting annuli. 
Annulus-derived ages were estimated by counting visible growth increments for each section shown (Crabtree et al. 1995). One 
sagitta was used for counting annuli and the other for radiometric aging. (A) An otolith section for which the number of growth 
increments clearly exceeds the radiometric age estimate. The annulus-derived age estimate was 37 yr and the radiometric age 
estimate was 24.5 yr. (B) An otolith section with fewer growth increments than the radiometric age estimate, but which could have 
had a higher annulus-derived age estimate if the reader had taken a more aggressive approach. The annulus-derived age estimate 
was 17 yr and the radiometric age estimate was 28.0 yr. (C) An otolith section with a well-developed sulcal region and numerous 
growth increments that rapidly become compressed toward the margin at the lower left. (D) Close up of the region in the same 
section (C) where growth increments are compressed and narrowly spaced. Note that growth increments in the region are partially 
obscured by what appears to be a proteinaceous inclusion. The annulus-derived age estimate was 55 yr and the radiometric age 
estimate was 78.0 yr.

derived age estimates that were higher than radiometric 
age. Poorly defi ned annual growth zones, or growth zones 
that become too small or compressed to be quantifi ed, 
may explain annulus-derived ages that were lower than 
radiometric ages (Fig. 3). An additional consideration was 
that the age groups were composed of otoliths pooled to-
gether on the basis of annulus-derived age. This means 
that the radiometric age determined for these groups was 
the average age of the otoliths in the sample. Hence, a 
mixture of otoliths of differing ages would create an unac-

countable error in the radiometric age of the age groups. 
This variability, however, was minimized by using oto-
liths of similar weight. 

Von Bertalanffy growth functions fi tted to the radio-
metric ages had growth parameters that were similar to 
the annulus-derived growth parameters (Crabtree et al., 
1995). This determination, however, is subjective because 
1) there were a low number of radiometric samples, 2) 
the confi dence intervals were large, and 3) three out of 
seven male samples and three out of eight female sam-
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Figure 4
Von Bertalanffy growth curves for male Atlantic tarpon (Megalops atlanticus) with radiometric age 
(yr) and fork length (mm; average fork length for age groups) and with annulus-derived age (yr) and 
fork length. Vertical bars represent fork length range for age groups. Horizontal bars represent low 
and high radiometric age estimates.
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Figure 5
Von Bertalanffy growth curves for female Atlantic tarpon (Megalops atlanticus) with radiometric age 
(yr) and fork length (mm; average fork length for age groups) and with annulus-derived age (yr) and 
fork length. Vertical bars represent fork length range for age-groups. Horizontal bars represent low 
and high radiometric age estimates.
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ples were an average age and average fork length for 
each age group. The growth coeffi cient for male radio-
metric ages (k=0.19 ±0.12) was similar to the annulus-de-
rived estimate (k=0.12) according to the margin of error 
and was driven largely by one middle-age sample (Fig. 4). 
The growth coeffi cient for female radiometric ages (k=0.08 
±0.04) was also similar to the annulus-derived estimate 
(k=0.10). The male asymptotic length for radiometric ages 
(L∞=1550 ±83 mm FL) encompassed the result from annu-
lus counts (L∞=1567 mm FL). For females, the asymptotic 
length was greater (L∞=2030 ±227 mm FL) but still en-
compassed the result from annulus counts (L∞=1818 mm 
FL). The closeness of the radiometric estimate of L∞ to the 
maximum size was probably driven by the exceptionally 
large tarpon used in our study (Fig. 5).

The large size of the 2-year-old otolith core, coupled with 
the relatively high 226Ra activity and high sensitivity of the 
TIMS technique, permitted age determination of smaller 
samples than previously possible (Kastelle et al., 1994; 
Fenton and Short, 1995). In a recent radiometric aging 
study of the blue grenadier (Macruronus novaezelandiae), 
six pooled otolith cores were needed to attain a sample 
weight of approximately 1 g with measurable 226Ra activ-
ity (Fenton and Short, 1995). Although the 226Ra activity 
for the samples in that study were a factor of 10 lower than 
the 226Ra activities observed in our study, the technique 
used was less sensitive than TIMS and resulted in rela-
tively high analytical uncertainties (12–21%). In a recent 
study of sablefi sh (Anoplopoma fi mbria), where radium ac-
tivities were similar to the activities observed in our study, 
the margin of error was relatively low (~4%), but otolith 
cores still needed to be pooled to attain approximately 1 g 
(Kastelle et al., 1994). The use of TIMS to determine 226Ra 
in our study made it possible to age age-groups that were 
approximately one third of a gram and individual otolith 
cores that were less than 0.1 g with analytical uncertain-
ties typically less than 2%. Because of this advance, the 
greatest contribution to the aging error was no longer from 
226Ra determination, but from the determination of 210Pb 
by means of α-spectrometry (Andrews et al., 1999b). In our 
study, the determination of 210Pb activity contributed from 
77% to 90% of the aging error.

The radiometric aging technique is well supported as a 
valid aging tool in numerous fi sh aging studies (Bergstad, 
1995; Burton et al., 1999). In our study, 226Ra activities 
varied by approximately an order of magnitude, but the 
210Pb activities never exceeded the activity of 226Ra. There-
fore, it is highly unlikely that 210Pb was not the result of 
ingrowth from 226Ra incorporated during otolith formation. 
By performing a complete analysis on individual otoliths, 
we found that we could use radiometric age estimates with 
more confi dence than estimates derived from pooled otolith 
samples. More recent successes with this technique (An-
drews et al., 1999a) suggest that it is a reliable means to 
obtaining accurate age estimates. Radiometric age deter-
minations in our study, therefore, indicate that the inter-
pretation of growth zones in Atlantic tarpon otoliths can be 
diffi cult, and in some cases can be inaccurate. In addition, 
our study provides conclusive evidence that the longevity 
of the Atlantic tarpon is greater than 50 years.

Conclusions

Accurate age determination of heavily harvested fi sh spe-
cies is critical to the formulation of responsible man-
agement strategies. The typical growth-zone validation 
techniques have limited applicability to long-lived fi shes 
(Mace et al., 1990; McFarlane and Beamish 1995). Under-
estimated longevity and overfi shing were factors that led 
to the decline of the Pacifi c ocean perch (Sebastes alutus) 
and the orange roughy (Hoplostethus atlanticus; Beamish, 
1979; Smith et al., 1995). Because of the highly variable 
growth zone patterns (Fig. 3) and irregular life history of 
the Atlantic tarpon, conventional aging methods appear 
to be problematic for this species. The improved radio-
metric aging technique used in our study incorporated 
a growth-zone independent chronometer that, when judi-
ciously applied, will enable accurate age determination 
of many threatened species. At a time when many fi sh 
species are suffering from fi shing pressure and changing 
oceanographic conditions, new methods need to be applied 
to help ascertain appropriate management strategies. 
The radiometric aging technique, which has been success-
fully applied to the sablefi sh, whose longevity has been 
validated with other techniques (Kastelle et al., 1994, 
Beamish and McFarlane 2000), promises to be a valuable 
tool for aging species with unknown or diffi cult-to-inter-
pret otolith growth patterns. 
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