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GROWTH IN JUVENILE LOGGERHEAD
SEATURTLES (CARETTA CARETTA) IN THE
NORTH PACIFIC PELAGIC HABITAT.—
Seaturtles mature slowly and usually do not at-
tain adult sizes in less than 20 years (NRC/
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CSTC, 1990). Yet in captivity, young seaturtles
grow rapidly, often more than doubling their
hatchling carapace lengths in less than a year
(Caldwell, 1962; Swingle et al., 1993; Witham
and Futch, 1977). Rapid growth in the wild is
expected of juvenile turtles, because selection
should favor individuals that can transform rap-
idly from bite-size morsels for numerous pred-
ators to increasingly larger, armored prey ca-
pable of thwarting the attacks of many predators.

Natural (i.e., noncaptive) growth rates of
hatchling and small juvenile seaturtles are little
known (e.g., Bjorndal and Bolten, 1988a,
1988b). Small loggerheads, Caretta caretia, sal-
vaged from high-seas driftnet fishing in the
North Pacific provide an opportunity to use ske-
letochronology to estimate the ages and growth
rates of some young turtles during their earliest
years of life.

Materials and methods.—The skeletochronologi-
cal age estimates derive from thin (approxi-
mately 0.5 mm) cross-sections of uncalcified bone
removed from the middle of the left humeri of
12 turtles. These turtles are from collections
made during March 1991 to Feb. 1992 at lo-
cations between 29° and 41° N and 171° E and
154° W (Table 1). Sea temperatures at the cap-
ture sites ranged from 17-20 C. The multina-
tional program to monitor driftnet fishing only
recently discovered the presence of pelagic-
dwelling loggerheads and other seaturtle spe-
cles in this region of the North Pacific. Presum-
ably, the loggerheads originate from nesting
beaches in Japan.

The humeral cross-sections are taken from
the diaphysis just distal to the deltopectoral crest
and are stored and examined in a 4:6 glycerin-
ethanol solution. The initial data set consists of
a series of diameter measurements (ab- to ad-
axial axis) of the resorption core, each perios-
teal growth layer, and the exterior of a bone
section from each specimen. We use two meth-
ods to estimate the age from these measure-
ments: a ranking protocol and a regression-
growth model. Both methods assume that each
growth layer represents one year’s growth. The
ranking protocol directs the assignment of per-
iosteal diameters of each bone to age classes,
and the age class containing the exterior di-
ameter translates to the turtle’s estimated age.
Zug (1990) outlined the methodology and con-
ceptual basis of the ranking protocol. The re-
gression-growth protocol derives from skele-
tochronological techniques of fisheries biology
(e.g., Ralston and Miyamoto, 1983). Because
growth rate tends to decline with increasing size
or age of an individual, this protocol assumes

TasLE 1. CAPTURE DATES (DAY/MONTH/YR),
LocaLTies (LATITUDE, LONGITUDE), AND SEA SUR-
FACE TEMPERATURE (C) FOR THE NORrRTH PaAcIFiC
DrIFTNET Caretta SAMPLE. Additional details of this
sample are available in Wetherall et al., 1993.

Date Locality Temperature

5/3/91 31°07'N 168°35'W 16.9
26/3/91 29°30'N 171°12'E 18.8
23/5/91 34°40’'N 176°49'E 17.9
23/5/91 34°40'N 176°49'E 17.9
24/5/91 34°50'N 177°22'E 17.8
10/6/91 36°19'N 176°02'E 18.1
13/6/91 39°06'N 157°57'W 17.9
22/6/91 39°55'N 154°16'W 17.7
29/6/91 38°19'N 171°03'W 18.2
16/7/91 39°42'N 174°08'W 20.2
18/7/91 41°29'N 174°56'W 18.56
10/2/92 29°28'N 158°06'W 19.7

that the width (thickness) of each growth layer
is a function of its distance from the initial di-
aphysis (i.e., periosteal surface at hatching) and
that age can be estimated by integrating this
function over the entire radius of the humerus.

The relationship between layer width and the
radius of humerus at the end of each sequential
growth cycle is determined by regression anal-
ysis. The slope and Y-intercept permit the es-
timation of an asymptote and a growth coeffi-
cient for a linear growth equation (e.g., von
Bertalanffy model; Everhart et al., 1975); sub-
stituting these estimates in the equation, the
equation is solved, yielding the total number of
layers in the humerus (J. F. Parham and G. R.
Zug, pers. obs.) or the individual’s age (i.e., one
growth layer equals one year). Using the re-
gression-growth model, we created the follow-
ing: (1) a data subset of all growth layers except
those adjacent to the resorption core, because
the inner most layer usually does not represent
a complete year’s growth; and (2) a select data
subset excluding both the innermost and out-
ermost layers, because the outer layer also is
unlikely to represent a full year’s growth. These
data were fitted to von Bertalanfly equations by
a Quattro Pro® regression procedure (least-
square).

Results and discussion.—The sample includes
turtles with estimated ages ranging from 2-8
yr, 1.4-7.7 yr, and 1.4-8.9 yr, respectively (Ta-
ble 2), for the three age-estimate subsets. The
age estimates for the two models (ranking and
regression) are similar. This similarity of the
age estimates might be used as an argument for
the robustness of the estimates. Even though
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TABLE 2. SIZE AND AGE ESTIMATES IN THE NORTH
Paciric DRIFTNET SAMPLE OF Caretta caretta. Column
umn heads: SCL, straight-line carapace length (cm);
CCL, over-the-curve carapace length (cm); Periosteal
layers, number of periosteal layers observed in the
cross-section of the humerus; Age estimates (yr),
Rank—ranking protocol, All (1) and Select (2)—re-
gression-growth protocol, see text for explanation of
data composition in these two sets of age estimates.

Age estimates

Periosteal
SCL CCL layers Rank All Select
13.0 14.5 2 2 1.4 1.4
15.8 17.0 2 2 1.8 1.8
17.4 19.5 1 2 2.1 2.2-
18.3 20.0 2 3 2.8 2.9
19.4 21.5 3 3 3.2 3.4
20.3 22.0 1 3 3.1 3.3
21.5 23.5 1 3 3.5 3.7
22.5 25.0 1 3 3.6 3.9
36.8 40.0 4 6 5.4 6.0
38.9 43.5 3 6 6.3 7.1
39.7 43.0 5 7 6.4 7.2
42.0 46.5 5 8 7.7 8.9

we believe the estimates to be reliable (e.g., =1
yr), the three sets of age estimates derive from
the same sample and that tempers overconfi-
dence in their robustness. The differences
among age-estimate subsets probably become
progressively greater in older turtles. The re-
gression protocol is the more objective of the
two techniques, because it avoids the necessity
of correcting for resorption. Its decimal esti-
mates do not, however, reflect a higher level of
certainty, although the decimal estimates do re-
flect the reality of growth being continuous dur-
ing a single time interval each year or cycle.
The subsequent remarks on age and growth
obtain from the age estimates derived from the
select data subset (#2 above).

The ages of all individuals < 20 cm SCL
(straight-line carapace length) are three or less
years old, and ages of individuals > 36 cm are
six or more years old. Age-specific growth rates
can be extracted from the fitted growth curves
used to estimate the turtles’ ages. The age-spe-
cific growth rates (cm/yr) for the first 10 years
are: .09, 4.87, 4.65, 4.45, 4.25, 4.07, 3.89,
$.72, 3.55, 3.40; % = 4.2 cm/yr; producing a
46.6 cm SCL in 10 years (hatchling 4.2 cm SCL;
Zug et al., 1986). '

Comparative age-specific growth rates are
available from a few other wild populations of
juvenile Caretta: Bahamas (Bjorndal and Bolten,
1988b); Chesapeake Bay (Klinger and Musick,
1992); eastern Atlantic (Bjorndal et al., 1994);
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Florida (Mendonca, 1981); Mediterranean Sea
(Bolten et al., 1992). Because these data are
summarized in Klinger and Musick (1995:table
3), only a few rates are mentioned here. The
Bahamian Caretia grow much faster than the
juveniles from our Pacific sample. The Baham-
ian turtles grew from approximately 25 c¢m to
70 cm SCL in 35 months, averaging 15.7 cm/
yr; thereafter (approximately 1 yr recaptures),
their growth had slowed to about 5.2 cm/yr.
With such differences in growth rates, there can
be no equivalency in size and age between the
benthic Bahamian population and the pelagic
Pacific one. Growth in the Chesapeake and Flo-
ridian populations is more similar to the Pacific
population but still nearly double the rate with-
in equivalent size classes. In contrast, an eastern
Atlantic Caretta (3.5 cm/yr, 37-46 cm SCL in
32 months) and a Mediterranean one (3.7 cm/
yr, 17-36 cm SCL in 61 months; approximately
48 months for same size difference in our Pacific
sample) have slower rates. These two individ-
uals (and the populations they represent) and
the Pacific sample are pelagic compared to the
more benthic or near-shore habitats of the west-
ern Atlantic populations. Although the habitat
differences offer ideal grounds for speculation,
all currently available growth data derive from
limited samples for each age or size class. Fur-
thermore, turtles show highly variable growth
rates within the same cohort and populations
(Balazs, 1982; Davenport and Scott, 1993; Dun-
ham and Gibbons, 1990). Our limited. sample
shows that natural growth rates of young Caretta
caretta are considerably less than the physiolog-
ical growth potential shown by captive-raised
loggerheads. Comparison with age- or size-spe-
cific growth rates of other populations high-
lights a high interpopulational variation.
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