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Identification of individuals within a population is necessary
for most behavioral and ecological studies of wild animals. For
long lived animals, such as turtles, the ability to recognize and
follow individuals over time provides critical information on as-
pects such as growth, survivorship, residency, and migration. A
variety of techniques and tags have been developed to mark indi-
vidual sea turtles, ranging from subcutaneous passive transpon-
ders to autografts of differentially pigmented tissue (Balazs 1999).
The greatest challenge in marking sea turtles is durability and read-
ability of the tag over the lifespan of individuals, which can cover
decades and involve a great amount of growth. Tag loss can affect
estimates of population size, surwvorshlp, and other demographlc
calculations (Frazer 1983).

Mrosovsky (1983) emphasized the importance of quantifying
tag loss, and since then several studies have reported the retention

rates of various types of tags and markers for different turtie spe-
cies (Bjorndal et al. 1986; Frazier 1986; Limpus 1992; Parmenter
1993; van Dam and Diez 1999). In general, the rates of tag loss
are particular to specific species and areas. For instance, for log-
gerhead (Caretta caretta) sea turtles in northern Australia, tita-
nium flipper tags outperformed tags made from monel or plastic
(Limpus 1992) while for hawksbill (Eretmochleys imbricata) sea
turtles, plastic tags outperformed both monel and inconel tags (van
Dam and Diez 1999). In the current study, we examined the rates
of tag loss of two types of commonly used metal tags, monel and
inconel, in hawksbill sea turtles found in near-shore habitats in
the archipelago of Fernando de Noronha, in the southern Atlantic
ocean,

MATERIALS AND METHODS

The archipelago of Fernando de Noronha (3°50'S, 32°24'W), a
Brazilian National Marine Park located approximately 380 km off
the coast of Brazil, supports populations of juvenile hawksbill and
green (Chelonia mydas) sea turtles in feeding areas close to shore.
Since 1987, researchers of Projeto TAMAR-IBAMA, the national
sea turtle conservation program in Brazil, have been monitoring
these populations using a capture, mark, and recapture protocol
(Sanches and Bellini 1999). Although turtles have been captured
in eight different localities on the island, the majority of captures
are made in Sueste Bay, which is easily accessible and contains a
relatively large resident population of sea turtles. In all cases, in-
dividual animals were captured by hand during free dives with
mask and snorkel, after which curved carapace length (CCL) and
width, and mass were recorded and tags were placed on the front
flippers.

We placed style 681 tags (National Band and Tag Company,
Newport, Kentucky, USA) on the trailing edge of each front flip-
per, proximal of the first large scale immediately adjacent to the
axilla (cf. Limpus 1992). Up until 1994, we used only tags made
from monel, a nickel-coppe'r alloy. After this, inconel tags (made
from a nickel-iron-chromium alloy) were placed on all turtles en-
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Fic. 1. Estimated probability (1-p;) of tag retention over time for monel
and inconel tags used on hawksbill sea turtles in Fernando de Noronha,
Brazil.
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countered for the first time, while for recaptured turtles, inconel
tags replaced monel tags as the latter were found to be lost or
unreadable. Recaptured turtles were checked for tags; encountered
tags were checked for readability and also for their durability by
pulling on the two sides of the tag at the same time. If unreadable,
or if they opened when tested, they were considered to be “lost”
and replaced with new tags. Probability of tag loss for the two
types of tags was calculated using the following equation from
Limpus (1992):

p; = by(a;+by)
with i being the elapsed time in whole years since tag application;

a, being the number of tags still present on turtles recaptured after
i years since being attached; and

b, being the number of tags lost on turtles recaptured after i years
since being attached.

Standard error (SEpi) was derived as: “/[pi(l—p)/(ai+b)], and the
95% confidence interval of p; being £ [(SE,;)(1.96)]. Elapsed time
since application was rounded up or down to the nearest year for
recaptured tags. Only turtles recaptured at least once were included
in the analysis.

Resurts

A total of 69 hawksbill turtles, ranging in size from 26.5 to 64
cm CCL at initial capture, have been recaptured one or more times
in the near-shore waters of Fernando de Noronha since 1987. A
total of 238 tags (145 monel and 93 inconel) have been deployed
on these 69 turtles. The average durability of a monel tag was 334
days £ 24.9 SEM, which was significantly shorter than the aver-
age durability of an inconel tag, 851 days + 56.5 SEM (p<0.001,
Mann Whitney test, U = 3325.5).

Tag loss increased yearly for monel tags, reaching 1.00 after
four years, while for inconel tags it remained low for up to five
years (Table 1). The chance of an inconel tag remaining intact
over time remained extremely high, whereas the longest duration
amonel tag successfully remained on a turtle was three years (Fig.
I).

Both monel and inconel tags on recaptured turtles were suscep-

tible to biofouling by green or red algae, and by calcareous algae, ‘

and usually had to be cleaned in order to be
read. Monel tags typically displayed corro-
sion in the locking mechanism; oftentimes
when we tested tags on recaptured turtles,

displayed a poor rate of retention in hawksbill turtles feeding in
the nearshore waters of Fernando de Noronha. This is consistent
with other in-water studies which have also found monel tags to
be inferior to tags made from other materials (Limpus 1992; van
Dam and Diez 1999; but see Bjorndal et al. 1996 for contrary
results for a nesting population).

The probability of tag loss for monel tags varied over time from
initial tag application, with two-year-old tags having a slightly
greater chance of remaining intact than one-year-old tags (Fig. 1).
This suggests that there may be a variety of factors, in addition to
corrosion, affecting tag loss in these turtles. For example, loca-
tions of the turtles varied, and differences in the seawater chemis-
try for particular areas may lead to deterioration at different rates.
Also, subtle differences in the manufacturing of different batches
of monel tags may affect rates of corrosion (Balazs 1999; Bjorndal
et al. 1996). In contrast, the low level of tag loss for inconel tags
in this study was relatively constant over time, and suggests that
continued use of this tag during our study is warranted. Indeed, a
nearly five-year-old incone] tag was mistaken for new on a hawks-
bill turtle tagged in Sueste Bay and recovered in Gabon, because
the tag showed no signs of wear or corrosion (J. Fretey, pers.
comm.). ‘

Van Dam and Diez (1999) found that plastic tags had a greater
retention rate than inconel and other types of tags in hawksbill
captured on a feeding ground in the Caribbean. Although we have
never used plastic tags, we have avoided them because it has been
suggested that plastic tags increase the likelihood that turtles will
become accidentally entangled in fishing nets (Nichols et al. 1998;
Suggett and Houghton 1998). Although use of such nets is prohib-
ited in the majority of waters around the archipelago of Fernando
de Noronha, individuals in our study have migrated to other areas
where they are likely to encounter nets (e.g., Bellini et al. 2000). It
is interesting that van Dam and Diez (1999) reported that the loss
of inconel tags in the Caribbean was restricted to turtles smaller
than 35 cm CCL, whereas in our study, the majority of turtles
captured were larger than 40 cm CCL (Sanches and Bellini 1999).
Similarly, Prince (1996) found that both titanium and inconel tags
were shed quickly by smaller juvenile sea turtles. Perhaps inconel
tags would not perform well in Fernando de Noronha in smaller
hawksbill individuals.

Passive integrated transponder tags, which are placed intramus-

TasLE 1. Loss,of monel and inconel tags used on hawksbill seaturtles at Fernando de Noronha,
Brazil. See text for description of p; and SE;.

the tag opened easily because the locking

95%

. . . Years since Tags
mechanism had detenorated_(Flg. 2- Tag type applied present  lost P SE,; Confidence interval
Discussion Monel 1 62 8 0572 0041  0.492-0.613
Because we tested the state of each tag 2 12 14 0.538 0.098 0.347 - 0.636
every time a turtle was recaptured, in many 3 1 6 0.857 0.132 0.598 - 0.989
cases we were able to record exactly where 4 0 1 1.000. 0.000
corrosion, if any, was occurring, and also to 5 0 0
replace tags that were Likely to have been  p, oo, ) 1 78 4 0049 0024  0.002-0073
lost if left in place. Corrosion of the monel 2 65 0 0.000 0.000
tags, particularly in the locking mechanism, 3 44 0 0.000 0.000
appeared to be an important contributor to 4 29 2 0.065 0.044 -0.022-0.109
5 4 0 0.000 0.000

the failure of these tags (Fig. 2). Monel tags
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Fic. 2. Example of corrosion of monel tags used in this study. Note the
deterioration of the locking mechanism in particular. Tags were fully
opened in order to facilitate presentation.

. cularly and then recognized with a special scanner, have been used
with success in some projects (e.g., McDonald and Dutton 1996;
Parmenter 1993; van Dam and Diez 1999). However, the rela-
tively high cost of the tags and scanner and the impossibility of
recognizing the tags without a scanner (e.g., by fishermen who
accidentally capture sea turtles) have kept us from using them in
our study.

Regardless of the efficacy of other tags reported by other sea
turtle research projects, we have experienced high level of suc-
cess with inconel tags (only 6 out of 97 tags have been lost over
the past five years), and will continue to use them during our study.
Indeed, we are currently replacing all monel tags with inconel on
recaptured turtles, independent of the status of the tag, in order
take advantage of the longevity of inconel tags. This is especially
important for larger individuals, who are likely to migrate to other
regions in the near future. Our results show that, as with almost all
aspects of management of wild animals, evaluation and assess-
ment should be done independently on a case by case basis. This

is particularly importaat with respect for programs that rely on the -

tagging of sea turtles. It is highly recommended that each pro-
gram evaluate the probability of tag loss, rather than extrapolating
from other studies.
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