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Estimates of Tag Loss for Loggerhead Sea Turtles  
(Caretta caretta) in the Western North Atlantic

Capture-mark-recapture (CMR) research can provide valu-
able information on the survival rates, movements, population 
sizes and trends, growth rates, demographics, and other life-
history parameters of wildlife populations (Williams et al. 2002). 
However, in order for CMR research to be accurate in the esti-
mation of these parameters, a reliable method needs to be used 
to mark animals. Nevertheless, tag or mark loss occurs since no 
marking system is infallible. This loss, if not accounted for, can 
bias estimation of population parameters and abundance (Ar-
nason and Mills 1981; Cowen and Schwarz 2006; Frazer 1983; 
McDonald et al. 2003).

The inability to recognize a mark (hereafter referred to as 
tag loss) generally has been measured using simple models that 
evaluate tag retention by monitoring groups of double-tagged 
animals and quantifying those that were recovered with one and 
two tags (Seber 1982). However, the assumption that the two tags 
have an independent rate of loss was not found to be true for 
sea otters (Siniff and Ralls 1991), black bears (Diefenbach and Alt 
1998), fur seals (Bradshaw et al. 2000), leatherback sea turtles (Ri-
valan et al. 2005), or elephant seals (McMahon and White 2009). 

Furthermore, Seber’s (1982) model only calculates discrete rates of 
tag loss that might not be accurately extrapolated to the end of the 
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CMR study. Therefore, new methods were developed to address 
some of these limitations (Diefenbach and Alt 1998; Pistorius 
et al. 2000; Rivalan et al 2005; Schwartz et al. 2012). One of the 
models, described in Rivalan et al. (2005), takes an integrative 
approach that provides an estimate of tag loss rate while allow-
ing for several tag shedding possibilities.

Loggerhead Sea Turtles (Caretta caretta) are long-lived, slow-
growing animals that spend portions of each life stage in various 
oceanic and coastal environments (Meylan and Ehrenfeld 2000). 
In addition, they are vulnerable to many sources of mortality, most 
notably incidental capture in commercial fisheries (Lewison et al. 
2004). Consequently, there is an urgent need to assess and pro-
tect their populations from extirpation (National Research Coun-
cil 2010). Many turtles have been tagged in long-term, in-water 
studies so that aspects of their cryptic life history can be revealed 
(see Chaloupka and Musick 1996 for a review). Identification of 
individual sea turtles is generally accomplished through the use 
of metal or plastic flipper tags and Passive Integrated Transpon-
der (PIT) tags (Balazs 1999). Efforts to develop photo identifica-
tion techniques for turtle identification are also becoming more 
common (Lloyd et al. 2012; McDonald and Dutton 1996; Reisser 
et al. 2008; Schofield et al. 2008) Previous studies have attributed 
tag loss in sea turtles to a variety of reasons including turtle spe-
cies, size of turtle, position of tag, tag material, poor application of 
the tag, or environment of the turtle (Alvarado 1993; Balazs 1982; 
Bjorndal et al. 1996; Henwood 1986; Limpus 1992; Parmenter 
1993; Reisser et al. 2008; van Dam and Diez 1999). 

The first objective of our study was to determine the tag loss 
rate of Loggerhead Sea Turtles in Pamlico and Core Sounds, 
North Carolina, USA. We have been double-tagging sea turtles 
with Inconel metal tags since 1989 and additionally tagging with 
PIT tags since 1995. We estimated tag loss using the maximum 
likelihood method in Rivalan et al. (2005), which makes two as-
sumptions: 1) PIT tag loss is negligible and 2) the probability 
of a turtle not being observed again is the same for individuals 
tagged initially with or without a PIT tag. The second objective 
of our study was to determine the ramifications of the two as-
sumptions and to explore if they were valid assumptions for our 
data set.

Materials and Methods.—We handled Loggerhead Sea Tur-
tles incidentally captured in pound nets, long haul seines, and 
trawlers in Core and Pamlico Sounds, North Carolina, from 
June through December, 1989 to 2010 (Fig. 1). Core and Pam-
lico Sounds are a part of the Pamlico-Albemarle estuarine com-
plex, the largest estuarine system (6630 km2) in the southeastern 
United States. This system, which is bounded on the east side by 
the Outer Banks barrier islands, consists of lagoonal-type eco-
systems that are shallow (the mean depth of Pamlico Sound is 
4.5 m; Core Sound is 1.2 m), and productive (Copeland and Gray 
1991; Roelofs and Bumpus 1953). 

We recorded standard straight-line carapace length (SCL, 
notch to tip) to the nearest 0.1 cm. We applied Inconel metal al-
loy size 681 self-piercing tags (National Brand and Tag Company, 
Newport, Kentucky, USA) with approximately half the length of 
the tag to the trailing edge of both rear flippers, just anterior to 
the first large scale (Balazs 1999). We chose the rear instead of 
front flippers as we found some turtles were becoming entan-
gled in the mesh of pound nets when the tag was on either front 
flipper (NMFS, unpubl. data). Beginning in 1995, we additionally 
injected unencrypted PIT tags (Destron-Fearing Corp., South St. 
Paul, Minnesota, USA, 125 kHz) subcutaneously approximately 
1 cm anterior to the second most proximal scale of the trailing 

fig. 1. Loggerhead Sea Turtles (Caretta caretta) were captured in fish-
ing gear set in Core and Pamlico Sounds, North Carolina, United 
States. Inset shows position of main figure within the east coast of 
the USA.

fig. 2. Daily tag loss rate estimated for Data Set 1 (all individuals that 
received a PIT tag) using model A, the best fit model, which had a 
constant tag loss rate over time (upper panel). Daily tag loss rate es-
timated for Data Set 2 (only those individuals that received a PIT tag 
during initial capture; lower panel). The best fit model for DS2 was 
Model D with p ≠ p*, which resulted in model A for Inconel tag one 
and model D for Inconel tag two. 
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margin of the left or right front flipper, or in the triceps super-
ficialis muscle of the left front flipper; thus, all turtles were tri-
ple tagged beginning in 1995. We initially scanned all turtles to 
determine if they already had a PIT tag; if none was found, we 
scanned each PIT tag both before and after insertion to ensure 
it was functioning. After tagging, we released turtles in the vicin-
ity of their capture locations. When a turtle was recaptured, we 
recorded all tags still detectable on the turtle. Only three of the 
recaptured turtles were recovered by researchers outside of our 
group who did not scan for a PIT tag, thus having a negligible 
effect on our results.

To determine daily tag loss rate, we used the integrative model 
of tag loss developed by Rivalan et al. (2005). We converted turtle 
capture histories so that the data provided time intervals (in days) 
for the following tag loss categories: N

22
 is the number of days that 

the recaptured turtle had retained both Inconel tags; N
21

 is the 
number of days during which the recaptured turtle had lost one 
of its Inconel tags; N

20 
the number of days during which the re-

captured turtle had lost both Inconel tags (and only the PIT tag 
remained for identification); N

11 
is the number of days during 

which the recaptured turtle that had lost one of its Inconel tags 
was released with one tag and was recaptured still retaining that 
one Inconel; and N

10
 is the number of days during which the re-

captured turtle that had lost one of its Inconel tags was released 
with one tag and was recaptured without any Inconel tags (and 
only the PIT tag remained for identification). For example, if a 
turtle was recaptured three times (first event with two tags, sec-
ond event with one tag, and third event with one tag), then one 
would calculate the time intervals for N

22
,
 
N

21
, and N

11.

The maximum likelihood method described by Rivalan et al. 
(2005) makes two assumptions: 1) that PIT tag loss is negligible 
and 2) that those individuals tagged initially without a PIT tag 
have the same probability of not being observed again as those 
individuals who initially received a PIT tag. We addressed the first 
assumption by calculating the percentage of recaptured turtles 
whose PIT tags were no longer detectable. We addressed the sec-
ond assumption two different ways. First, we separated turtles 
into two different groups: turtles that were triple-tagged (2 Inco-
nels and 1 PIT) and turtles that were double-tagged (2 Inconels). 
We compared the percent of triple-tagged turtles that were never 
recaptured to that of double-tagged turtles that were never recap-
tured to test the assumption that tag loss rate was the same for 
individuals in both groups. Confidence intervals for each of the 
proportions were calculated using Wilson’s (1927) confidence in-
terval and the confidence intervals were compared to see if they 
overlapped. Second, we created two data sets to see if the shape 
and magnitude of tag loss over time was the same when analyz-
ing the data using the methods of Rivalan et al. (2005). The first 
data set (DS1) included all tagged individuals in the study who 
received a PIT tag at some point (N = 2811). The second data set 
(DS2) included only those individuals that received a PIT tag on 
their first capture event (N = 2606); thus, DS2 is a subset of DS1. 
By analyzing both data sets separately, we were able to determine 
if tag loss rate was affected by including those individuals that 
were not PIT-tagged during their initial capture event.

Each data set was then used to find daily tag loss rate, using 
maximum log-likelihood to find parameter values for:

p(t) =                     +min
t       

where     min
t 
=

1+e(a0(a1–t))

1–min
t

1+e(a2(a3–t))

a
4

where p is the probability of tag loss; t is time; and a
0
, a

1
, a

2
, a

3
, and 

a
4
 were model parameters with standard errors being estimated 

with the delta method (Rivalan et al. 2005). We used the software 
application TAG LOSS, Version 3.2.3 (Girondot 2011).

We modeled six different tag loss patterns, which can be 
found in Fig. 1 of Rivalan et al. (2005): 

Model A, a constant daily tag loss rate; 
Model B, a linearly decreasing tag loss rate; 
Model C, a high tag loss rate that decreased over time to as-

ymptote near zero; 
Model D, a high tag loss rate that decreased over time to an 

asymptote above zero; 
Model E, a high tag loss rate that gradually decreased over 

time, although not as a smooth function; and 
Model F, an initially decreasing tag loss rate, which began in-

creasing after a certain period of time. 
Each model was fit for each data set assuming 1) probability 

of tag loss was equal for both tags (p = p*) and 2) probability of 
tag loss was different for both tags (p ≠ p*). Tag loss rates were es-
timated for Inconel tags, not PIT tags, and the probability of tag 
loss for the second tag was a conditional probability. We selected 
the best model based on the lowest Akaike’s Information Criteria 
(AIC; Akaike 1974) values.

Results.—From 1990 to 2010, we tagged 2811 loggerheads and 
recaptured 585 identifiable turtles, ranging from 44.1 to 102.5 cm 
SCL (mean ± SE, 64.7 ± 0.3) at initial capture. Recapture inter-
vals ranged from 1 to 4725 days (mean ± SE, 507.1 ± 29.5). We 
triple-tagged (2 Inconel and 1 PIT tag) 2606 loggerhead turtles, 
of which 2021 or 78% (95% CI: 0.76–0.79) never were recaptured. 
We double-tagged (2 Inconel tags) 205 loggerheads which were 
PIT-tagged during subsequent recaptures, and of those turtles, 
172 or 84% (95% CI: 0.78–0.88) were never recaptured. Based on 
our data, we were not able to detect the PIT tag for 44 of the 557 
recaptures that were scanned for a PIT tag, resulting in a 0.079 
failed detection rate over the duration of the 15 years that we 
were tagging with PIT tags. 

For DS1, daily tag loss rate for p = p* was estimated at 0.00037 
using model A (Table 1; Fig. 2; AIC = 788.29). Daily tag loss rate 
for p ≠ p* was estimated at 0.00033 for tag one and 0.00060 for tag 
two using model A (Table 1; Fig. 2; AIC = 391.15). Daily tag loss 
rate for p = p* using model C was a decreasing function through 
time starting at a high of 0.00050 on day one and decreasing as 
time continued (Table 1; Fig. 2b; AIC = 788.81). Daily tag loss rate 
for p ≠ p* using model C was a decreasing function through time 
starting at a high of 0.00044 for tag one and 0.00143 for tag two 
on day one and decreasing as time continued (Table 1; Fig. 2; 
AIC = 777.15). When fitting models B, D, E, and F, the parameter 
estimates all reduced to model A as the best fit to the data. 

For DS2, daily tag loss rate for p = p* was estimated at 0.00040 
using model A (Table 1; Fig. 3; AIC = 770.67). Daily tag loss rate 
for p ≠ p* was estimated at 0.00037 for tag one and 0.00058 for tag 
two using model A (Table 1; Fig. 3; AIC = 767.40). Daily tag loss 
rate for p = p* using model C was a decreasing function through 
time starting at a high of 0.00058 on day one and decreasing as 
time continued (Table 1; Fig. 3; AIC = 774.03). Daily tag loss rate 
for p ≠ p* using model C was a decreasing function through time 
starting at a high of 0.00052 for tag one and 0.00122 for tag two 
on day one and decreasing as time continued (Table 1; Fig. 3; 
AIC = 767.90). Model D did not reduce to model A as in the other 
data set. Daily tag loss rate for p = p* started at a high of 0.0018 on 
day one and decreased to an asymptote of 0.00034 using model 
D (Table 1; Fig. 4; AIC = 757.57). Daily tag loss rate for p ≠ p* re-
duced to a constant loss rate (model A) for tag one and remained 
a decreasing function with an asymptote for tag two (model D). 
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For tag one, the tag loss rate was a constant 0.00037, while for tag 
two, the tag loss rate started at a high of 0.0367 and declined to 
an asymptote of 0.00044. Model D with p ≠ p* (which resulted in 
model A for tag one and model D for tag two) had an AIC value 
of 755.26. Finally, when fitting models B, E, and F, the parameter 
estimates all reduced to model A as the best fit to the data. 

Discussion.—Careful consideration of assumptions should 
always be used when analyzing data. For Loggerhead Sea Turtles 
in North Carolina, Inconel tag loss rate estimates were differ-
ent when including all individuals that were PIT-tagged in the 
study (DS1) than when restricting the analysis to only those that 
received a PIT tag during their initial capture event (DS2). Al-
though daily tag loss rates were similar for both data sets, the 
first year for DS2 showed the greatest tag loss rate for the sec-
ond tag, which could have an effect on tag retention rates over 
time. The estimation of tag loss using DS2 demonstrated that 
the probability of not being observed again was not the same for 
turtles that initially received a PIT tag as compared to those that 
were PIT-tagged later; therefore, the second assumption made 
in Rivalan et al. (2005) should be considered for other datasets 
that have not PIT-tagged individuals during the entire duration 
of their study. Additionally, a portion of turtles from DS1 could 
have shed their Inconel tags prior to being PIT-tagged, and thus 
their tag loss would not be noted, as they would not have been 
recognized as recaptures. We also found that the first assump-
tion of the method was not met as PIT tag detection failure dur-
ing the 15 years we used these tags was 7.9%, which was not 
negligible. How PIT tag loss affects the model outcomes is un-
known at this point, but could be addressed by constructing a 
model with three different tags that can be lost at different rates. 
Based on these findings, we suggest that those marking turtles 
for mark-recapture use more than one type of tag. Furthermore, 

our decision to only include turtles that received a PIT tag during 
their initial capture event did lead to different tag loss rates over 
time. Thus, careful consideration of input data into the model 
should be used.

A constant tag loss rate, such as that found for Inconel tag one 
in DS2, could be an indication of well-applied tags, the effect of 
tag location, or the interval of recapture. We calculated a tag loss 
rate of 13% after one year for the first tag using model A with p ≠ 
p* for individuals tagged in the rear flipper. In contrast, Gorham 
et al. (1997) calculated a tag loss rate of >50% after 440 days for 
loggerhead turtles tagged in the front flippers. Thus, tagging rear 
flippers might result in an increase in tag retention compared 
to tagging front flippers. However, a constant tag loss rate also 
could be a reflection of the long recapture intervals (2–4 years) 
that we recorded with some individuals. Because of a lack of data 
on recaptures during the time immediately following marking of 
these individuals, the model has little information to determine 
the shape of the tag loss rate function during the time interval 
immediately following marking. Thus, the model falls back to the 
simplest explanation, which is a constant tag loss rate over the 
entire time interval. 

In our study, the daily loss rate for tag two given that tag 
one had been lost was a decreasing function that went to an as-
ymptote of 0.00044. Rivalan et al. (2005) also found tag loss rate 
for Leatherback Sea Turtles, Dermochelys coriacea, in French 
Guiana, to be very high initially, followed by a rapidly decreas-
ing probability of tag loss soon after application. However, they 
found this initial high tag loss rate for tag one while we found 
it to be true for tag two. They tagged the rear flippers with Mo-
nel tags and attributed tag loss over a short time scale to tagging 
failure caused either by human or mechanical error. Likewise, 
the loss of the second tag in our study could have been a result 

tABle 1. Model parameter estimates (standard error) for the models that converged for each data set and the associated AIC values. Data sets 
are DS1, which includes all turtles marked during this study, and DS2, which includes only turtles that received a PIT tag during the initial 
capture event. If p ≠ p*, then the parameter estimates (standard errors) are listed as the parameter estimates for the first tag followed by the 
parameter estimates for the second tag. Parameters with dashes below them were not estimated for that specific formulation of the model.

Data set Model AIC a
0
 a

1
 a

4

DS1 A; p ≠ p* 391.15 ⎯— — 6.59 x 10−4 (5.7 x 10−5)
     1.19 x 10−3 (2.1 x 10−4)

DS1 C; p ≠ p* 777.15 −6.1 x 10−4 (6.57 x 10−6) −1.1 x 10−3 (2.6 x 10−5) — 
   −12531.3 (138.12)  −5943.0 (156.70) ⎯
⎯
DS1 A; p = p* 788.29 ⎯— — 7.36 x 10−4 (5.6 x 10−5)

DS1 C; p = p* 788.81 −6.08 x 10−4 (5.76 x 10−6) −12479.9 (122.68) — ⎯

DS2 D; p ≠ p* 755.26 — — 7.5 x 10−4 (6.3 x 10−5) 
   −2.87 x 10−2 (2.9 x 10−3) ⎯−114.1 (16.46) 8.7 x 10−4 (1.8 x 10−4)

DS2 D; p = p* 757.57 −3.89 x 10−2 (1.5 x 10−3) −167.7 (7.39) 6.8 x 10−4 (5.8 x 10−5)

DS2 A; p ≠ p* 767.40 ⎯— — 7.4 x 10−4 (6.3 x 10−5)
   — — 1.17 x 10−3 (1.9 x 10−4)

DS2 C; p ≠ p* 767.90 −7.3 x 10−4 (7.1 x 10−6) −10284.8 (113.5) —
   −9.8 x 10−4 (2.2 x 10−5) −6845.6 (170.6) ⎯
⎯
DS2 A; p = p* 770.67 ⎯— —⎯ 8.08 x 10−4 (6.0 x 10−5)

DS2 C; p = p* 774.03 −6.96 x 10−4 (6.5 x 10−6) −10720.14 (104.82) — ⎯
 



Herpetological Review 44(2), 2013

ARTICLES     225

of incorrect application of the tag or failure of the tag to lock 
properly. Over the course of our 21-year study, several different 
trained technicians applied tags, which may be responsible for 
some tagging failure.

Similar to Rivalan et al. (2005), we also found that the rate of 
losing the second tag was significantly higher given the loss of 
the first tag. Tissue necrosis could have increased tag loss depen-
dency since individuals susceptible to tissue necrosis are likely 
to lose both tags (Rivalan et al. 2005). However, tissue necrosis 
may be more of a problem with leatherback turtles than with log-
gerhead turtles, as we did not encounter any loggerheads with 
tissue necrosis on our study site. Rather, a possible explanation 
for the tag loss dependency in North Carolina loggerhead turtles 
may be attributed to tagging failure as a result of human error, 
i.e., improper application of the tag. In other words, if the first tag 
was not applied correctly (either through improper technique or 
mechanical failure of either the tag or tag applicator), there was 
an increased chance that the second tag also would not be ap-
plied correctly, resulting in the second tag being lost as well. 

Tag loss in sea turtles varies, depending upon turtle species, 
size of turtle, position of tag, tag material, environment of the tur-
tle, and the experience of taggers (see Balazs 1982 for a summa-
ry). For example, van Dam and Diez (1999) reported an Inconel 
tag loss rate of 18% after 3 years for front-flipper-tagged Hawks-
bill Sea Turtles (Eretmochelys imbricata), much less than our cal-
culated rate of 39% after 3 years, indicating that hawksbill turtles 
might have an overall higher tag retention rate for Inconel tags 
in their front flippers than loggerhead turtles tagged in their rear 
flippers. However, their large sub-adults and adults (>60 cm) were 
tagged with just external tags (no PIT tags), so the possible in-
ability to identify recaptures due to the loss of external tags might 
have influenced their overall estimation of tag retention rates. 

Although PIT tags have been described as being 
“permanent”(Gibbons and Andrews 2004), several sea turtle tag-
ging studies, including this one, have reported a failure to detect 
these tags. Failure to detect PIT tags can be attributed to a variety 
of factors: tags can be expelled from the body or migrate inter-
nally, the PIT tag scanner or reader can fail to detect a tag that 
is present, or the tag itself can fail (Wyneken et al. 2010). Par-
menter (1993) found an 8% failure rate of PIT tags in Flatback 
Turtles (Natator depressus) after two years, while van Dam and 
Diez (1999) saw up to 15% failure in their ability to detect PIT 
tags in hawksbill turtles after a five-year period. We failed to de-
tect approximately 8% of the PIT tags in loggerheads over the 
course of the 15 years we used PIT tags. Despite this failure rate, 
there are many advantages to using PIT tags to mark sea turtles. 
Because the tags are internal, tag loss through abrasion is low to 
non-existent. In addition, they have very little negative impact 
on the turtle, including entanglement in fishing gear, provided 
the animal is of a sufficient size to receive the tag. Finally, al-
though our failure rate to detect PIT tags was not negligible, it 
was substantially less than the tag loss rate of Inconel tags, which 
was about 13% each year.

To increase our tag retention rates, we followed the advice 
of previous researchers by applying more than one tag to each 
turtle, using two Inconel tags and a “permanent” PIT tag. Triple-
tagging turtles in this way allowed for greater identification of 
recaptures and enabled us to take advantage of the benefits of 
using both methods of tagging. For example, metal, external tags 
such as Inconel tags do not require a special reader to view the 
tag. Additionally, the cost (US $70 for 100 tags) is substantially less 
than that of PIT tags (US $6–8 per tag). On the other hand, despite 

their higher costs and need for a reader, PIT tags are essentially 
permanent marks as they can potentially last for the lifetime of 
the animal. Therefore, we likewise recommend using PIT tags in 
conjunction with one or more external tags (such as Inconel) to 
maximize the probability of identifying a recaptured turtle.

Loggerhead Sea Turtles are a slow-growing, late-maturing 
species that conduct wide-ranging migrations, life-history traits 
that make them especially susceptible to overexploitation (Na-
tional Research Council 2010). Successful management of these 
vulnerable populations requires an accurate accounting of their 
absolute abundance to properly evaluate potential impacts of 
management decisions (National Research Council 2010). Esti-
mation of tag loss rates will help to correct for potential biases 
in models used to estimate population abundance and survival 
over time. This allows for increased accuracy of abundance and 
survival estimates used in population modeling and for manage-
ment of sea turtle populations. 
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A Case of Communal Egg Laying in a Population of  
Cercosaura ampuedai (Squamata: Gymnophthalmidae)  
in the Colombian Andes
 Neotropical squamates display a diversity of reproductive 
strategies, which plays a key role in the evolution of their life his-
tories (Shine 2005). Communal nesting is a widespread repro-
ductive behavior among reptiles (Doody et al. 2009; Graves and 
Duvall 1995). An important aspect of this behavior is the selec-
tion of nesting sites with optimal environmental conditions by 
females to guarantee reproductive success (Blouin-Demers et 
al. 2004; Brown and Shine 2005; Iraeta et al. 2007; Montgomery 
et al. 2011). Female nest-site choice is considered an important 

form of parental care in most squamates, which leave their eggs 
unprotected soon after oviposition (Blouin-Demers et al. 2004). 
Thus, elucidating the factors directing this behavior in any rep-
tile species is fundamental to understanding its reproductive bi-
ology (Iraeta et al. 2007).
 Reptile egg aggregation occurs when “animals deposit their 
eggs or young along with those of conspecifics” (Doody et al. 
2009). Traditionally, this reproductive behavior has been related 
to limited availability of optimal incubation nest-sites and/or 
adaptive responses, such as increased fitness by egg aggregation 
(Braz et al. 2008; Montgomery et al. 2011; Radder and Shine 2007). 
However, testing these non-exclusive (constraints and adapta-
tionist) hypotheses represents a major challenge for evolutionary 
biologists (Radder and Shine 2007). Among squamates, available 
information about communal nesting behavior is biased toward 
best-studied and conspicuous species (e.g., gekkonids, scincids, 
polychrotids, iguanids), whereas information about fossorial 
and semi-fossorial lizards (e.g., gymnophthalmids) is very scarce 
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