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A B S T R A C T

Photo-identification using animals' natural markings is a cheaper and less impactful alternative to the use of
more conventional external or internal tags for identifying individual animals. Photo-ID has already been suc-
cessfully employed to monitor hard-shelled sea turtles, specifically using facial scales. However, photographing
facial features might cause stress on photosensitive sea turtles, especially at night. Considering that there are
more scales on the flippers than on the face and flipper photography is likely to be less invasive, we proposed an
alternative method for photo-identification using the scale patterns on the front flippers. This method might also
be suitable for successful photo-identification of hatchlings – which has been ineffectual using facial scales. To
test the suitability of using the front flippers for photo-ID sea turtles, we took photos of the right flippers of adult
and hatchling green turtles (Chelonia mydas) and olive ridley turtles (Lepidochelys olivacea) from Cabuyal, Costa
Rica. The photos were analysed using APHIS, which delimits an area of interest with three reference points and
then uses several additional points within this area to mark the intersections between scales. In both species,
hatchlings and adults were correctly identified 92.9% and 81.8% of the time respectively but the capability of
APHIS to correctly identify individuals was highly dependent on the quality of the photo. We detected simila-
rities in flipper scale pattern between hatchlings of the same species but not between hatchlings from the same
nest, indicating that hatchlings have unique flipper markings. The use of flipper scale patterns to identify in-
dividual sea turtles is comparable to the use of facial scales, without the risk of disturbing nesting females.
Additionally, we were able to reliably identify individual hatchlings, which has not been possible using facial
scales or conventional tagging techniques. Flipper scale patterns may potentially be a new methodology for
identifying hatchlings both short- and long-term. We discuss the benefits and limitations of using sea turtle
flipper scale patterns for identification as well as the benefits and limitation of APHIS.

1. Introduction

Mark-recapture studies have been used to reveal an incredible
wealth of information concerning population dynamics, animal beha-
viour, and life-history patterns (Lettink and Armstrong, 2003;
Mcmahon et al., 2007; Whitehead et al., 2000). To be successful, such
mark-recapture depends on being able to accurately identify individual
animals on subsequent re-encounters. External tagging has been the
most common technique used to identify individuals (Oosthuizen et al.,
2010), however, tags can be lost, damaged and/or bio-fouled (Limpus,
1992; Reisser et al., 2008). Internal tags, such as Passive Integrated
Transponders (PIT) (Gibbons and Andrews, 2004) also have their own

pros and cons. For example, internal tags tend to have higher retention
rates but they can be expensive and require a specific reader (McDonald
and Dutton, 1996; Schofield et al., 2008).

An alternative to tagging is to use animals' natural markings to
distinguish between individuals. Natural markings have the advantage
of being potentially an almost indefinite form of identification
(Carpentier et al., 2016) and can be readily recorded by almost anyone
with a camera. They also have the benefit that animals can be identified
from afar and without capture, making them less disruptive and sui-
table for use in species that are hard to tag (Frisch and Hobbs, 2007).
Photo identification has already been successful in a wide range of taxa,
including whales (Katona and Whitehead, 1981; Whitehead et al.,
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1990), frogs (Bradfield, 2004), bobcats (Heilbrun et al., 2003), horses
(Dawson and Miller, 2008), snakes (Albu et al., 2008) and lizards
(Sacchi et al., 2010).

In sea turtles, leatherback turtles (Dermochelys coriacea) have been
identified using photographs of their pineal gland (Buonantony, 2008;
Dutton et al., 2005), while green turtles (Chelonia mydas), loggerhead
turtles (Caretta caretta), and hawksbill turtles (Eretmochelys imbricata)
are commonly identified in-water using their facial scales (Dunbar
et al., 2014; Reisser et al., 2008; Schofield et al., 2008). (Schofield et al.,
2008) used these facial scales to re-identify individual loggerhead tur-
tles 3 to 5 years after the initial photograph while (Carpentier et al.,
2016) validated that the technique can be suitable for monitoring in-
dividuals for lengths of time extending up to 11 years. Despite this
technique being highly valuable, photographing the head or face of a
turtle may be disruptive or stressful, especially those encountered at
night on nesting beaches (Witherington, 1992). Turtle flippers have the
added advantage of having more scales, which increases the number of
unique connections and patterns for identification purposes.

Here, we evaluated for the first-time whether the scutes on the front
flippers can be a practical alternative to facial scutes for photo-ID. We
analysed scale patterns on the front right flippers of olive ridley
(Lepidochelys olivacea) and green turtles to identify adults and hatchl-
ings. We also evaluated whether hatchlings from the same nest had
similar scale patterns to their immediate siblings or whether individuals
of the same species had similar scale patterns. Since scute patterns
could change as turtles grow, adult and hatchling scute patterns were
tested together. A secondary objective was to test the reliability and
accuracy of APHIS (Automated Photo-Identification Suite, freely
available at http://www.imedea.uib-csic.es/bc/ecopob/ - accessed 22/
3/18) ((Óscar et al., 2015) in identifying individual sea turtles using
scale patterns.

2. Materials and methods

2.1. Photo collection

We took photos of the front right flipper of nesting turtles during
night-time patrols conducted on Cabuyal in northwest Costa Rica.
Turtles were approached after egg laying had commenced. At this point,
a photo of the flipper was taken under red light. Photos were taken in
black and white due to the red light distorting and blurring the photo
when taken in colour. Flash photography was not used to minimise
stress to the animal. Photos were taken at a distance of approximately
50–100 cm using a Panasonic Lumix DMC-FT1 camera (Panasonic,
Osaka, Japan). The entire flipper was always photographed to ensure
that area of interest was always captured. APHIS could then be used to
zoom in and highlight the area of interest. Photos were never taken
after the female had commenced covering or camouflaging the nest.
None of the females that were photographed aborted nesting as a result
of the light or camera.

Hatchlings were opportunistically encountered during daytime
beach patrols. Hatchlings were held with their right, front flipper ex-
tended for photographing. Black and white photos were taken 5-10 cm
from the flipper, without a flash and under natural sunlight. Hatchlings
were held for less than a minute while being photographed, and were
released shortly after sunset.

11 green turtles of the 22 that nested in the season and 3 olive ridley
turtles were included in the analysis. 69 green turtle hatchlings and 41
olive ridley hatchlings from 3 and 2 nests respectively, were included in
the analysis (Table 1).

We removed photos that were blurry, glary or the flipper was at an
angle that made accurate marking of the reference points impossible.
However, some blurry photos could be marked and analysed so they
were included in a second round of analysis (Table 1).

2.2. Database and comparison photos

At least one initial photo must be entered into APHIS in order for the
program to be able to compare subsequent photos. Therefore, an initial
photo of each individual turtle (both hatchlings and adults) was entered
into APHIS before any comparisons could be made. These photos will
be henceforth referred to as ‘database photos’ as they are the photos
already input into the system, which APHIS uses as a reference when
matching new photos.

Any additional photos entered into APHIS in order to determine the
effectiveness of APHIS at identifying individual sea turtles will be
henceforth referred to as ‘comparison photos’.

Comparison photos can be saved in APHIS after analysis thereby
allowing them to become database photos. This allows APHIS to ac-
cumulate multiple photos for each individual over time. However, after
each analysis we did not save comparison photos meaning that all
analyses only involve one database photo for each individual turtle.

Some turtles had multiple photos that could be used as database
photos. We selected the best photo to be the database photo and used
the remaining photos as comparison photos. This resulted in there being
more comparison photos than database photos and in some turtles
having multiple photos used as comparison photos (Table 1).

2.3. Preparing photos for analysis in APHIS

2.3.1. Defining the area of interest
Flipper photographs were easily uploaded into APHIS for analysis.

We used the I3S approach (http://www.reijns.com/i3s/), which in-
volves defining the area of interest by assigning three clearly identifi-
able reference points and then marking individual points within this
area. The three reference points that we selected are easily identified on
all sea turtles with scales on their flippers. By taking a photo of the
entire flipper, anyone can reliably take a photo that can be used to
identify individual turtles. Photos in the field were taken by the pro-
ject's trained biologists. We chose three points that were easily identi-
fiable and could be repeatedly and reliably marked on both hatchling
and adult turtles. The three points were: (1) the join between the two
most proximal thickened scales (closest to the axilla) on the posterior
edge of the flipper, (2) the point directly anterior to the first point on
the flipper and (3) the area where the thickened scales most distal from
the axilla, on the trailing edge of the flipper, join with the non-thick-
ened scales (Fig. 1). The second reference point was the most difficult to
place as it is the least distinguishable. To ensure the reliable placement
of this point, we used a ruler to trace a straight line along the join
between the first and second thickened scale to the leading edge of the
flipper. If the line intersected a join between scales, we used that as the
reference point; otherwise, we used the first join to the right of the line
(Fig. 2).

Table 1
The number of comparison photos, database photos and total photos taken for
adults and hatchlings.

Green
turtles

Olive ridley
turtles

Total

Adults
Database photos 11 3 14
Comparison photos 9 2 11
Number of adult turtles that provided

comparison photos
5 1 6

Hatchlings
Database photos 69 41 110
Number of nests photographed 3 2 5
Comparison photos

(no blurry photos)
14 11 25

Comparison photos
(blurry photos included)

16 17 33
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2.3.2. Creating the fingerprint
Once the three reference points were marked, we placed 80–100

spots within this area of interest. These spots marked the points where
scales joined and thus defined a pattern of scales that could be used as a
‘fingerprint’ (Fig. 3) by APHIS to compare flippers.

We altered the placement of these spots, in order to locate scale
patterns that are reliable identifiers.

2.3.3. Distal protocol
The first spot placing protocol will be hence referred to as the ‘distal

protocol’. We placed the 80 to 100 spots in three specific regions.
Firstly, we placed spots along the leading edge of the flipper, from the
second reference point to the scale with the claw on it. Secondly, we
marked the scales around the third reference point, particularly the
larger scales. Lastly, we marked unique looking scales such as a small
scale surrounded by large scales and particularly, the last thickened
scale on the trailing edge of the flipper. We focussed on scales in be-
tween the scale with the claw on it and the third reference point
(Fig. 3B).

2.3.4. Proximal protocol
The second protocol hence referred to as the ‘proximal protocol’

marked the scales along the leading edge of the flipper and marked the
large scales around the third reference point in the same way as the
distal protocol. However, instead of then marking scales above the third
reference point, we instead marked scales below the second reference
point, focussing on unique looking scales (Fig. 3A).

2.3.5. Photo analysis
APHIS produces a score for each database photo based on its match

with the comparison photo. The program lists every stored database
photo from best match (lowest score) to worst match (highest score)
(Fig. 4). For further information on the statistical mechanisms behind
APHIS see (Óscar et al., 2015). The user is then able to visually check
each match and select the correct individual (Fig. 4).

We visually checked each match to double-check that it was the
correct individual. This was achieved using metal flipper tags and PIT
tags. If the top match was not the correct animal, we searched the list of
matches until the correct individual was found and its ranking was

noted. Once the correct individual was found, it was marked as a match
within the APHIS program (Fig. 4). Since scale patterns could change as
juveniles grow into adults, we compared hatchlings and adults together.

2.3.6. Can APHIS identify individual turtles using flipper scute patterns?
For each comparison photo, we recorded the score and identity of

the best-matched database photo. In instances where the best match
was an incorrect match, we also recorded the ranking of the correct
database photo and its score. We performed this twice for both adults
and hatchlings, once for the proximal protocol and once for the distal
protocol.

2.3.7. Can APHIS measure the relatedness of hatchlings?
We also determined whether hatchlings from the same nest have

similar scale patterns and whether hatchlings from different species
have unique scale patterns. To achieve this, we analysed each hatchling
comparison photo and recorded the scores of the top 10 ranked data-
base photos for hatchlings from the same nest, hatchlings from the same
species (but different nests to the comparison photo) and hatchlings
from a different species. This allowed us to evaluate the ability of
APHIS to differentiate between hatchlings from the same nest compared
to other hatchlings of the same species but a different nest. It also al-
lowed us evaluate the ability of APHIS to differentiate between
hatchlings of different species.

When evaluating the relatedness of hatchlings, we were comparing
hatchlings to each other. This allowed us to include hatchlings that only
had one photo (a database photo) but not a second photo that could be
used as a comparison photo. This resulted in the top match always
being a perfect match (i.e. score= 0) because the comparison photo
was the same as the stored database photo for that hatchling. However,
since we were not interested in identifying individuals and were instead
evaluating the closeness of the match relative to other hatchlings, we
were able to exclude the perfect match and only record the scores from
the 2nd best score.

2.4. Statistical analysis

The scores for the top 10 photos from each hatchling group (e.g.
same nest, same species but different nest and different species) were
compared using linear mixed models that treated hatchling identity as
the random effect and the different groupings as the fixed effect. The
models were created using the lme4 library (Bates, 2007) in R (Team,
2014). This allowed the model to give each hatchling its own intercept,
removing variation caused by differences between database photos
such as shading, angle of the photograph etc. that may cause one da-
tabase photo to produce high scores for its comparison photos and
another to have low scores. We transformed the scores for each
hatchling by taking the square root in order to reduce the number of
outliers in the data.

Fig. 1. Flipper of a green turtle (Chelonia mydas) hatchling showing the 3 re-
ference points used.

Fig. 2. Flipper of A) adult and B) hatchling green turtles (Chelonia mydas) showing the placement of the second reference point based on the join between the 1st and
2nd thickened scale.
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3. Results

3.1. Can APHIS identify individual turtles using flipper scute patterns?

3.1.1. Adults
14 individual adult turtle flipper photos were entered into APHIS as

database photos. These database photos were matched with 11 com-
parison photos. The 11 comparison photos comprised of different
photos taken of 6 individuals. Some individuals had multiple compar-
ison photos that could be used, accounting for the difference in the
number of comparison photos and the number of individual adults used
in the analysis (Table 1).

3.1.1.1. Distal protocol. When following the distal protocol, adult
turtles were correctly ranked as the top match 9 out of 11 times
(81.8%) with the average score being 0.405. Of the two incorrectly
matched photos, one was a green turtle (ranked 4th with a score of
0.586) and the other was an olive ridley turtle (79th and 1.097). All
rankings for both adults and hatchlings are out of 124 individual adult
and hatchling turtles (or database photos) (Table 1). The green turtle

was incorrectly matched with another adult green turtle while the olive
ridley adult was incorrectly matched with an olive ridley hatchling.
When comparing the species separately, green turtles were correctly
matched 8 out of 9 times (88.8%) while olive ridleys were correctly
matched 1 out of 2 times (50%).

3.1.1.2. Proximal protocol. When following the proximal protocol,
adult turtles were correctly ranked as the top match 7 out of 11 times
(63.6%) with the average score being 0.497. The same green turtle
(ranked 17th with a score of 0.726) and olive ridley turtle (65th and
1.195) were incorrectly matched. Another two green turtles were also
incorrectly matched and were ranked 10th (score of 0.522) and 12th
(0.643). All four turtles were incorrectly matched with olive ridley
hatchlings. When comparing the species separately, green turtles were
correctly matched 6 out of 9 times (66.6%) while olive ridleys were
correctly matched 1 out of 2 times (50%).

3.1.2. Hatchlings
3.1.2.1. Distal protocol. Using the distal protocol, green turtle
hatchlings were correctly ranked as the top match thirteen out of

Fig. 3. Flipper of green turtles (Chelonia mydas) showing the 3 reference points (squares) and the placement of spots following A) the proximal protocol and B) the
distal protocol. Note the placement of spots near the 3rd reference point in the distal protocol and near the 2nd reference point in the proximal protocol.

Fig. 4. Comparing a database photo and a comparison photo in APHIS. Note the list of matched photos (database photos) and their scores ranked from best match
(lowest score) to worst match (highest score).
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fourteen times (92.9%). The one hatchling that was not the top match
was ranked 32nd out of 124 adult and hatchling database photos.
However, this photo had data points placed in different locations
compared to the original photo. Therefore, the authors followed the
protocol incorrectly. When this error was corrected, the hatchling was
correctly matched. When using the two photos that were slightly blurry,
one photo was ranked first while the other was ranked 48th. The
inclusion of these photos decreased the percentage of photos correctly
ranked as the top match to 87.5% (14 out of 16).

Olive ridley hatchlings were correctly ranked ten out of eleven times
(90.9%) with one hatchling correctly identified twice from separate
photos. The one incorrectly ranked photo was ranked 19th but a
hatchling from the same nest was the top match. The inclusion of blurry
photos decreased the percentage of photos correctly ranked as the top
match to 76.5% (13 out of 17). Three of the six blurry photos were
correctly ranked as the top match while the other three were ranked
7th, 25th and 82nd respectively.

3.1.2.2. Proximal protocol. The results using the proximal protocol
were slightly worse than using the distal protocol. Hatchlings were
correctly ranked 13 out of 16 times (81.25%) in green turtles and 11 out
of 17 (64.7%) in olive ridley hatchlings. A photo was misidentified as
another species only once, when an olive ridley hatchling was
misidentified as a green turtle hatchling.

3.2. Can APHIS measure the relatedness of hatchlings?

When assessing both species together, scores for hatchlings from the
same species as the comparison photo were significantly lower com-
pared to hatchlings from a different species (t96=−2.939,
p=0.0033). This means that hatchlings of the same species have more
similar scale patterns and are better matched by APHIS compared to
hatchlings of different species. However, this result was only seen in
green turtle hatchlings and not olive ridley hatchlings.

When the two species are analysed separately, APHIS was much
better at differentiating between green turtles (comparison photo) and
other species (t63=−16.53, p < 0.001) compared to its ability to
differentiate between olive ridley turtles and other species
(t33=−1.126, p= 0.2602).

Due to APHIS being unable to differentiate between green and olive
ridley hatchlings when olive ridleys were the comparison photo, only
green turtle hatchlings were analysed to test whether APHIS could
differentiate between hatchlings from the same nest and other hatchl-
ings of the same species but different nests. APHIS was unable to dif-
ferentiate between green turtle hatchlings from the same nest and green
turtle hatchlings from other nests (t63= 1.04, p=0.2995). However,
this result was not consistent across nests with APHIS producing sig-
nificantly lower scores (and better matches) for hatchlings from the
same nest but only for nest RN006 (t14=−11.73, p= 4.68E−11).

4. Discussion

APHIS was able to correctly identify hatchlings from the scale pat-
terns on their flippers over 90% of the time for both olive ridley and
green turtle hatchlings. However, this dropped to below 90% for green
turtles and below 80% for olive ridley turtles when blurry photos were
included. When the reference points are placed correctly and clear
photos are used, APHIS is a reliable way of identifying individual
hatchlings based on the scale patterns of their flippers. APHIS is quite
robust when dealing with blurry photos too but the incorrect placement
of reference points reduces the program's ability to correctly match
hatchlings. APHIS was also able to detect differences between species. It
was reliably able to detect differences between green and olive ridley
hatchlings but only when green hatchlings were the comparison photo.
Considering that APHIS was able to correctly identify individuals, it is
likely that individuals have unique scale patterns but green sea turtles

may have more consistent scale patterns compared to olive ridley tur-
tles that have higher variation between individuals. Currently, the use
of traditional methods such as carapace scutes etc. appear to be more
reliable when identifying species. It is also possible that the protocols/
reference points used in this study do not maximise APHIS' ability to
detect differences between species. There appears to be no reliable
method of identifying relatedness between hatchlings from the same
nest compared to other hatchlings of the same species but different
nests. This could possibly be due to hatchlings from the same species
having a similar scale patterns on their flippers or potentially due to
paternal effects creating variation within clutches.

As such, permanent internal marking and conventional external tags
are still more reliable when identifying individual turtles than flipper
scale patterns. However, flipper scale patterns do display potential as a
possible identification method after further development. In particular,
conventional tagging methods have proven ineffective when identifying
hatchlings. Flipper scale patterns may provide a reliable method for
identifying sea turtle hatchlings. This initial study into whether flipper
patterns can be used to identify sea turtles appears to show that APHIS
can identify both adults and hatchlings. However, further improve-
ments to the reliability and functionality of using flipper scales is re-
quired before photo-ID can replace conventional tagging methods.

APHIS was less capable of identifying adults than hatchlings but still
performed well compared to other studies using facial scales. The distal
protocol was better performing (81.8% correctly matched) than the
proximal protocol but was still below the 90% observed for hatchlings.
Interestingly, the same two photos (one green turtle and one olive
ridley turtle) were incorrectly matched under both protocols. This
suggests that the database photo may have been of poor quality. This is
probably due to the photos for these individuals being on slight angles
(either rotated or twisted). As such, the use of flipper photos to identify
adult sea turtles needs to be investigated further with larger sample
sizes. Unfortunately, nesting numbers on Cabuyal beach were low
during the 2015/2016 season. Further testing will have to focus on
ensuring that flipper placement is consistent, particularly focusing on
keeping the flipper flat. Further testing will also need to focus on the
longevity of flipper scales for identification. But this initial ‘testing
stage’ study establishes that flipper scales can be used to identify in-
dividual turtles in the short-term and potentially long-term. In parti-
cular, this study establishes that flipper scales have potential when
identifying sea turtle hatchlings. Further studies with increased sample
sizes and longer duration will help improve and refine this metho-
dology. Further limitations of using APHIS to identify individual sea
turtles are discussed later on.

The improved performance of the distal protocol compared to the
proximal protocol suggests that there are more unique scales at the
distal end of the flipper and more uniform scales at the proximal end of
the flipper. The fact that the distal protocol was better performing for
both adults and hatchlings suggests that this is the case throughout a
turtle's life. This consistency means that using flipper scale patterns
could potentially provide a way of identifying individual hatchlings as
they return to nesting beaches as adults or when capturing juvenile
turtles.

Overall, APHIS was simple to use and reliable. The I3S approach
allowed the user to input multiple photos and analyse them all at once
which was much more efficient. However, placing the 80–100 spots was
time consuming particularly when working with multiple hatchlings.
The method for placing these 80–100 points could be improved.
Identifying key scale patterns or identifying key areas of the flipper
could reduce the number of points that need to be placed. Further
studies will help refine the methodology. The program took some time
to analyse, compare and match photos but this was possibly due to the
use of an older computer. Using a more powerful computer would likely
speed up the process but this could be problematic in remote locations
or on sandy beaches. Using APHIS to identify adults is more compli-
cated than hatchlings but by increasing the quality of photos, APHIS
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can accurately and reliably identify individual adults as well. The main
complication with adults is that it is harder to make the flipper flat, to
keep the flipper still and to remove sand that may obscure scale pat-
terns.

The use of turtle flippers to identify individual sea turtles is com-
parable to other studies using facial scales. Schofield et al. (2008) found
that naïve observers correctly identified loggerhead turtles as low as
68% of the time but experienced observers correctly identified in-
dividuals 99% of the time. Identification success rates in other studies
have ranged from 78% to 84.6% for hawksbills (Dunbar et al., 2014;
Jean et al., 2010) and 94% for green turtles (Jean et al., 2010).
Therefore, flipper scales compare favourably to the use of facial scales
when identifying individual sea turtles. The benefits of using flipper
scales are further enhanced by the fact that taking photos of facial
scales involves shining light onto the head of the turtle, which can
disturb nesting behaviours (Waayers et al., 2006) and for hatchlings,
facial scales are often very small and any photograph would require a
zoom lens. Hatchling flippers on the other hand are easily photo-
graphed using a regular camera and possess scales at a higher density
than in the face. Using photography and programs such as APHIS de-
crease the stress experienced by turtles relative to conventional tagging
techniques (Valverde et al., 2010), is less likely to alter nesting beha-
viour (Broderick and Godley, 1999) and eliminates the risk of tagging
wounds and subsequent infections as seen by (Witzell, 1998). The use of
photos and programs such as APHIS could potentially be more reliable
at identifying turtles over longer periods of time. (Schofield et al., 2008)
and (Carpentier et al., 2016) were able to identify individual green and
loggerhead turtles using facial scales 3 to 5 years and 11 years respec-
tively, after the initial photograph was taken. Comparatively, 58.3% of
tags applied by (Reisser et al., 2008) were lost within 3 years.

The main disadvantage of using photographs to identify nesting
turtles is that there is only a small window to take the photo. A clear
photo is almost impossible when the turtle is crawling, body pitting,
camouflaging or moving her flipper for any reason. This means that
clear photos can only be taken while the turtle is laying or being held
still but this is also true when attempting to tag a turtle. Cameras with
faster shutter speeds or photographing turtles during the day could
potentially mitigate some of these issues. Schofield et al. (2008) were
able to take reliable photos of facial scales of swimming loggerhead
turtles. Fortunately, this is not a problem for hatchlings that can easily
be held still. Another key problem is that the use of APHIS does not
provide instant feedback on the identity of the turtle. When attempting
to capture or identify specific individuals, photography is limited due to
the time it takes to process the photo. This limits the ability of re-
searchers to identify specific turtles and perform necessary tasks on
those turtles as they nest. However, programs are currently being de-
veloped that can automatically identify individual animals, even in
photos of multiple individuals. One such system is IBEIS (Image Based
Ecological Information System) that is currently being developed by
teams from multiple universities and organisations (https://wildbook.
org - accessed 22/3/18). IBEIS aims to be able to collate photos from
scientists, rangers and the general public in order to identify individual
animals and their movement and behaviour. However, this would re-
quire a system that can analyse large numbers of photos quickly and
automatically. Both of these traits are not currently strengths of APHIS.
Ideally, APHIS would be able to automatically and instantaneously
identify turtles, substantially increasing its potential uses. Eventually,
APHIS could be developed into a system that can not only be used to
identify turtles immediately on the beach using a phone for example but
it could also allow fisherman or the general public to upload their
photos of sea turtles allowing turtles to be tracked. Currently, APHIS
still provides an easy to use and free program that anyone with a
computer and camera can use to identify sea turtles or any animal with
scale patterns.

In future, it will be important to establish clear protocols when
taking photos of both adults and hatchlings. Some key factors in

maximising the efficacy of the APHIS program include keeping the
flipper flat, keeping the angle of the camera and the flipper as constant
as possible and keeping the flipper clean. Generally, nesting turtles did
not require significant manipulation of their flipper for high quality
photos. Removing sand from the flipper was easily achieved using a
small brush. Improving the quality of the light source will also help
improve the quality of photos. This is particularly important for the first
photo taken of each turtle or hatchling. Establishing a clear database
photo makes it much easier to match comparison photos taken later on.
APHIS stores all new photos in its memory so that each new photo of a
turtle contributes to the ability of APHIS to correctly match database
and comparison photos. Minimising user errors, such as the incorrect
placement of reference points, will also be paramount for maximising
the accuracy of APHIS comparisons.

The best photos were not blurry and were taken directly above a flat
flipper that is not bent or twisted. The flipper should not be on an angle
and the photo should capture the entire reference area (all three re-
ference points) as tightly as possible. The two most important areas to
capture are the leading edge of the flipper and the 3rd reference point
(Fig. 1). A common issue that affected APHIS or the placing of points on
the flipper was the presence of sand. Brushing the sand away by hand
was often insufficient. The easiest way to clear the sand was to pour a
small amount of water on the flipper or to gently use a brush. When
placing points, it is vital to be consistent. Slightly shifting individual
points did not affect scores significantly but shifting groups of points,
sometimes even slightly, did impact APHIS scores and therefore the
ability of APHIS to correctly match comparison and database photos.

Despite external tagging remaining the method of choice in sea
turtle research (Balazs, 1999), the use of photography is increasingly
being investigated as a potential tool for identifying individual sea
turtles. The recent increase in camera affordability along with the rise
of the internet also means that photos taken by the public can in-
creasingly be utilised for scientific research (see (Aanensen et al., 2009;
Kirkhope et al., 2010; Stafford et al., 2010). Furthermore, the use of
photography has numerous advantages for the well-being of the turtle
and is simpler for researchers, despite some limitations. APHIS (Auto-
mated Photo-Identification Suite) is a free and easy to use software
program that has great potential for use in identifying sea turtles based
on scale patterns while the accuracy and reliability of using turtle
flippers is comparable to the use of facial scales, particularly for
hatchlings. As such, the use of APHIS and sea turtle flippers for iden-
tifying sea turtles needs to be further investigated in more species, over
longer periods of time and with larger sample sizes.
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