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Sea turtles are measured to accomplish a numbemange of turtles in the study population (Bjorndal and
of objectives, and there are many technique and equipBolten, 1988, 1989; van Dam and Diez, 1994). Preci-
ment options. The objectives may dictate differentsion may vary for each type of measurement (Bjorndal
levels of accuracy and precision (see below) as welland Bolten, 1988, 1989; Shoop and Ruckdeschel,
as the appropriate methods and equipment to be usei986). Precision can be increased by having one in-
Sea turtles are measured on nesting beaches to reladévidual take all measurements. If that is not practi-
body size to reproductive output, to determine mini-cal, the precision of members of the research team
mum size at sexual maturity, and to monitor nestingshould be compared over time (Bjorndal and Bolten,
female size for a particular rookery. Sea turtles arel988, 1989; Shoop and Ruckdeschel, 1986).
measured on foraging grounds to determine frequency Measurements should be made in metric units;
of size classes of turtles present as well as to monitoconversion to metric units (necessary for publica-
growth rates. The size frequency of a population is artions) from other systems results in misrepresenta-
important parameter of that population’s demographiction of degrees of accuracy and precision. For ex-
structure. Analyses of growth rates can indicate habiample, converting measurements taken to the near-

tat quality and physiological status. est eighth of an inch to millimeters does not cor-
o rectly represent the level of accuracy of the mea-
Accuracy and Precision surements. Calipers, tape measures, and scales

Project objectives will determine the levels of ac- should be calibrated frequently.
curacy and precision necessary to accomplish the project
and thus the equipment to be used. “Accuracy is theScute Nomenclature
nearness of a measurement to the actual value of the There is inconsistency in the nomenclature used
variable being measured. Precision is not a synonymougo describe the elements of the carapace (for a discus-
term, but refers to the closeness to each other of repeatesion see Pritchard and Trebbau, 1984). The nomen-
measurements of the same quantity” (Zar, 1984). clature suggested by Pritchard and Trebbau (1984) is
There are few studies of precision in sea turtlerecommended and can be summarized as follows.
measurements (Bjorndal and Bolten, 1988, 1989;Scutes are cornified plates forming the surface of the
Frazier, 1998; Shoop and Ruckdeschel, 1986; varshell. Vertebral scutes are the large scutes along the
Dam and Diez, 1994). In all reports and publications,midline of the carapace. Costal scutes are the large
measurement precision should be included. Onescutes forming a longitudinal series on each side of
method of reporting measurement precision is tothe vertebrals. Marginal scutes are the numerous small
present the mean, standard deviation and/or standarstutes around the edge of the shell, except the me-
error, and range of the absolute difference betweewlian scute on the midline anterior to the vertebrals
pairs of repeated measures on a series of turtlevhich is the nuchal scute) and the paired posterior
(sample size should be reported) that span the sizmarginals (which are the supracaudal scutes).



Measurement Procedures: Flexible, fiberglass tape measures are better than
Linear Measurements metal tape measures for curved measurements because
they more closely conform to the shape of the shell

_Llnear mt_easu[rements can either be tgken W'thand do not corrode. Cotton tape measures should be
calipers (straight-line measurements) or with a flex-

ible t q ts). The d avoided because they stretch easily. Tape measures
e . oo nave metic Ut
Y, P ' ' To ensure accuracy and precision, length of the

nience. Curved measures tend to be less accurate a%g. .
. . } lipers or the tape measure should exceed the maxi-
less precise (Bjorndal and Bolten, 1989; Frazier, 1998; P P

. _ mum expected length of the turtles in the study popu-
Pritcharcet a_1|.,1983,_8_h00p and _R_uckdeschel, 1986) lation so that reported lengths are the result of a single
because of irregularities and epibionts on the surfac

of the turtle’s shell. Also. in the iuveniles of some fnheasurement rather than sums of partial measure-
' ’ J ments. Epibionts interfering with measurements

species, the vertebrals are keeled, and the posterlosrhoulol be removed when the accuracy of the mea-

carapace In Some Species has a steep_ c_hange n SIOlgﬁrements is important. If measurements are affected
which make curved carapace length difficult to mea-

ith q sion. H flexibl by injuries or deformities these irregularities should
sure with accuracy and precision. HOWEVET, TIexibie noted, and perhaps the measurements should not
tape measures are significantly less expensive tha

: L : Be included in analyses, depending on the project’s
calipers and are significantly more convenient to carry

nd maintain objectives.
i e are i i . . Five standard linear measurements are presented:
There are great differences in the quality of cali-

£ onlv in th hani 4 fit of th carapace length (Figures 1 and 3), carapace width,
gﬁdrlsn n%not?]g Irr:]aine rra?ifcbt?tnzrsnoﬁﬂ thle céalib?aétliroﬂsta” length (Figure 2), head width, and plastron length.
9 ' . For many studies, carapace length may be the only
and scale of measuremeii¢sg.,centimeters versus

- . measurement needed.
millimeters). Tree calipers that have very long arms
should be modified so that the arms are onl_y as long jnear Measurements of
as necessary. Excess arm length makes calipers mo ard-shelled Turtles
cumbersome to use and reduces both accuracy an
precision. Both arms of the calipers must be of equalStraight Carapace Length
length so that when measurements are taken, the mea- At least three different straight carapace lengths
surement endpoints on the turtle are at the same didave been used by sea turtle researchers (Pritehard
tance from the main rail of the calipers. Calipersal., 1983).
should be selected for appropriate accuracy and pre=  Minimum straight carapace length (SCLmin; Fig-
cision and should have metric units. ure la) is measured from the anterior point at mid-
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Figure 1. The anterior and posterior pairs of anatomical points for three carapace length measurements. (a) Minimum
straight carapace length (SCLmin) and minimum curved carapace length (CCLmin) are measured from the anterior point
at midline (nuchal scute) to the posterior notch at midline between the supracaudals. (b) Straight carapace length notch to
tip (SCLn-t) and curved carapace length notch to tip (CCLn-t) are measured from the anterior point at midline (nhuchal
scute) to the posterior tip of the supracaudals. (c) Maximum straight carapace length (SCLmax) is measured from the
anterior edge of the carapace to the posterior tip of the supracaudals. Anterior and posterior locations must be on the same
side of the carapace.
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line (nuchal scute) to the posterior notch at mid- Carapace Width
line between the supracaudals. Carapace width is measured at the widest point;

« Straight carapace length notch to tip (SCLn-t; Fig- there are no anatomical reference points. Straight cara-
ure 1b) is measured from the anterior point at mid-pace width (SCW) is measured with calipers; curved
line (nuchal scute) to the posterior tip of the carapace width (CCW) is measured with a flexible
supracaudals. Often the tips of the supracaudalsape measure. For each turtle, the anatomical loca-
are not symmetrical; for consistency, the tijon on the carapace where SCW and CCW are mea-
supracaudal that yields the longer SCLn-t shouldsyred may not be the same. There must be consis-
be used. tency in the orientation of the turtle when SCW is

* Maximum straight carapace length (SCLmax; measured, particularly with juvenile turtles, to avoid
Figure 1c) is measured from the anterior edge ofan additional source of variation. If the turtle is lying
the carapace to the posterior tip of the on its carapace (plastron up), the mass of the turtle
supracaudals. Anterior and posterior locationstengs to spread the carapace thus increasing the width
must be on the same side of the carapace. Fogf the carapace. Also, carapace width changes as the
consistency, the side that yields the longery, yie inhales and exhales. For consistency, because
SCLmax should be used. CCW must be measured with the turtle lying on its
The recommended straight carapace length meaplastron, SCW should be measured with the turtle also

surement is SCLmin (Bjorndal and Bolten, 1989; in this orientation.

Gerosa, 1995). SCLmin is a better measurement be-

cause the posterior tips of the supracaudals are freTail Length

quently broken in juveniles or worn away in adults. If Figure 2 shows two tail measurements. Total

time permits, both SCLmin and SCLn-t can be mea-tail length (TTL) is the distance from the midline

sured so that comparisons with other data sets can bef the posterior margin of the plastron to the end of

made. To avoid confusion, measurements should alwaythe tail following the curvature of the tail. Post-

be clearly defined on data sheets and in publications. cloacal tail length (PTL) is the distance from mid-

cloacal opening to the end of the tail following the

Curvgd ICalzapfa(I:e I_Iendgtfh q , d endi curvature of the tail. For both TTL and PTL, the
The lack of clearly defined starting and ending turtle is positioned on its carapace, and a flexible

points may contribute to the variance in precision of ape measure is used to obtain the measurements.

‘igg’;d Bcarapace :cer;]gths (Shoop ang T}”ledeSChe h sea turtles, tail length is a secondary sex charac-
)- Because of the curvature (and thickness) Ofg isic: mature males develop long tails and fe-

the nuchal scute, theju'nction_ of skin and scuf[e Sho%" ales have short tails. In mature male turtles, the
be used as the anterior point. The posterior POINt ~ti0 of TTL to PTL is greater than in mature fe-
should be the posterior tip of the dorsal surface. TWO L ales. In juvenile sea turtles, tail length does not
different curved carapace lengths have been used. indicate an individual’s sex. ’
e Minimum curved carapace length (CCLmin; Fig-
ure l1a) is measured from the anterior point at mid-Head Width and Plastron Length
line (nuchal scute) to the posterior notch at mid- Head width (HW) and plastron length (PL) are
line between the supracaudals. less frequently measured in sea turtles than are cara-
» Curved carapace length notch to tip (CCLn-t; Fig- pace length and width. HW is measured at the wid-
ure 1b) is measured from the anterior point at mid-est point with calipers. PL should be measured with
line (nuchal scute) to the posterior tip of the calipers along the midline. Some variation in mea-
supracaudals. Often the tips of the supracaudalsurement is introduced because frequently the an-
are not symmetrical; for consistency, the terjior and/or posterior edges of the plastral scutes
supracaudal that yields the longer CCLn-t shouldyq ot completely overlay the anterior and/or pos-
be used. terior edges of the underlying bone. PL should be
The recommended curved carapace length meameasured along the midline from the anterior edge
surement is CCLmin (Bjorndal and Bolten, 1989; to the posterior edge of the underlying bone when
Shoop and Ruckdeschel, 1986). There is greater varit extends beyond the scutes. PL measurements are
ability in CCLn-t because of the unpredictable way less precise than SCLmin and SCLn-t (Bjorndal and
that the tape measure deviates from the midline.  Bolten, 1988).
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Figure 2. Two tail length measurements: (a) total tail length (TTL) is the distance from the midline of the posterior margin
of the plastron to the end of the tail following the curvature of the tail; (b) post-cloacal tail length (PTL) is the distance
from mid-cloacal opening to the end of the tail following the curvature of the tail.

Linear Measurements of Tail Length, Head Width, and Plastron
Leatherback Turtles Length

Head width is measured at the widest point with
Carapace Length calipers. Turning an adult leatherback onto its cara-

Both straight carapace length (SCL) and curvedpace for the purpose of measuring tail and plastron
carapace length (CCL) are measured from the nuchgkngth is not desirable. If juveniles are encountered,
notch (anterior edge of the carapace at the midline) 1| Jength should be measured as described for hard-
the posterior tip of the caudal peduncle (Figure 3). Ifghgjied turtles and plastron length should be measured

the caudal peduncle is asymmetric, for consistencyyith calipers along the midline from the anterior edge
measurements should be made to the longest pointq the posterior edge.

Straight measures are recorded using calipers. Curved
measures are made alongside the midline (vertebraly) .
ridge. Curved length is n(?t measured along( the cres mear.MeasurementS of

of the ridge because of irregularities in the ridge andHatChllng Turtles

the difficulty of keeping the tape on the ridge. The  Hatchlings should be measured with small cali-
end of the tape measure should be securely positiongef's following procedures for straight-line measure-
at the junction of skin and carapace at the midlineMents described above. Because the shells of
ridge, and the tape pulled taut to the caudal pedundéjatchlmgs are very flexible, care should be taken not
allowing the tape to follow a “natural” position along- to distort the shape of the shell when taking measure-

side the ridge. ments.

Carapace Width Measurement Procedures:

Carapace width is measured at the widest pointMass Measurements
there are no anatomical reference points. Straight cara- Body mass is a more biologically significant mea-
pace width (SCW) is measured with calipers. Curvedsure of body size than are linear measurements be-
carapace width (CCW) is measured with a flexible cause physiological parameters scale to mass. How-
tape measure; the tape measure does not follow thever, body mass is more difficult to measure and is
curvature of the ridges, but rather spans from ridgemore variable because of reproductive state and nutri-
crest to ridge crest. For each turtle, the anatomicational statuge.g.,extent of gut fill). After a series of
location on the carapace where SCW and CCW arenass measurements and linear measurements have
measured may not be the same. been collected for a population, a regression equation
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Figure 3. The anterior
and posterior ana-
tomical points for
straight carapace
length (SCL) and
curved carapace
length (CCL) in
leatherback turtles. In
both cases, length is
measured from the
nuchal notch (anterior
edge of the carapace
at the midline) to the
posterior tip of the
caudal peduncle.

should be determined and included in any project
report and publication.
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