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Abstract — Monitoring the abundance of green turtles (Chelonia mydas) is necessary to assess population trends and
risks of collapse. This note presents a study aimed at comparing three techniques for the direct estimation of green
turtle numbers in their foraging habitats (seagrass beds and reef flats). The experiment was carried out at Mayotte
Island, Western Indian Ocean. The techniques involved were surveys by snorkel, and aerial surveys using a microlight
aircraft and a paramotor. Each technique had shortcomings and advantages. While each technique provided estimations
of turtle numbers only surveys by snorkel permitted identification of species and sex, whenever visibility and turtle
behaviour permitted. Along the shorelines, and over foraging areas, the paramotor was found to be most suitable for
direct estimations of turtle numbers. The major advantage of this technique lied in its capability to obtain a synoptic
snapshot of turtle distribution over foraging areas. Linear surveys from a microlight aircraft are better suited to monitor
foraging areas located further away from the shore.
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Résumé — Observations aériennes et marines pour I’évaluation de I’abondance des tortues marines sur les
aires d’alimentation : une étude pilote a I’ile de Mayotte. Le suivi de ’abondance de tortues vertes (Chelonia
mydas) est nécessaire pour évaluer 1’évolution et éventuellement, le risque d’extinction des populations. L’ objectif de
cette expérience est de comparer trois techniques d’observation permettant 1’évaluation directe de 1’abondance totale de
tortues vertes sur les aires d’alimentation (herbiers et platiers récifaux). L’étude a été conduite a I’ile de Mayotte (ouest
de I’océan Indien). Les techniques testées sont le comptage sous-marin et les comptages aériens a partir d’un ultra léger
motoris¢ (ULM) et d’un paramoteur. Les limites de chaque technique utilisée ont été mises en évidence. L’abondance
totale des tortues a été estimée par les trois techniques. Seuls, les comptages sous-marins ont permis de préciser des
caractéristiques biologiques tels que I’espece et le sexe, lorsque les conditions de visibilité et le comportement des
tortues le permettaient. Le paramoteur parait le plus adapté pour une estimation directe de 1’abondance sur les aires
d’alimentation situées a proximité immédiate de la cote. Cette technique permet de disposer d’un état de la répartition
des tortues sur les aires d’alimentation a un moment donné. Pour les zones d’alimentation plus éloignées de la cote,
I'usage de I’ULM est nécessaire pour réaliser les comptages a partir de transects linéaires.

(Hykle 1999). Turtle populations are subject to many threats

On a global and regional level most species of marine tur-
tle are classified as endangered by international conservation
bodies such as the World Conservation Union (IUCN) and
conventions such as the Biodiversity Convention, Convention
on International Trade in Endangered Species of Wild Flora
and Fauna (CITES) and the Convention on Migratory Species

* Corresponding author: david.roos@ifremer. fr

http://www.edpsciences.org/alr

from human activities, resulting in direct mortality (e.g. poach-
ing or incidental catch), or indirect through habitat transforma-
tion or destruction (e.g. nesting sites or feeding sites) (Gibson
and Smith 1999; Oravetz 1999). Monitoring marine turtle sta-
tus through population estimates is therefore essential. Like-
wise it is important to record and describe turtle foraging sites
to ensure the protection of threatened populations at all life
stages.
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Fig. 1. Transect line on N’Gouja sea grass bed. Buoys were materialized by dots.

The dynamics of sea turtle ecology makes it difficult to
estimate overall population abundance. Juvenile turtles are
pelagic, disperse over wide areas and are difficult to find in
the sea. However at nesting sites and seagrass foraging sites it
is possible to obtain meaningful and valuable censuses. For ex-
ample, the numbers of adult females on nesting beaches may
be estimated from nest counts or track counts (Le Gall et al.
1986; Mortimer 1988; Gerrodette and Taylor 1999), mark-
recapture techniques (Le Gall et al. 1986; Reese and Welsh
1998; Heppell et al. 1996), or aerial track surveys (Meylan
et al. 1985; Fritz et al. 1982; Crouse 1984).

The numbers of foraging sea turtles in shallow waters has
been estimated from aerial surveys (Epperly et al. 1995a,b;
Braun and Epperly 1996; Shoop and Kenney 1992; Fritts et al.
1983; Schroeder and Thompson 1987; Sauvignet et al. 2000).
Most recorded estimations of foraging sea turtles were ob-
tained by extrapolating from the number of sea turtles ob-
served on the surface. Without any count of the proportion of
the turtles that were unobservable, i.e. below the water, the re-
sults obtained were of limited value.

In this note, we reported the results of a study comparing
three census techniques to directly count the total number of
green turtles (Chelonia mydas) in selected foraging habitats.
We described the techniques, discussed the results, and pro-
vided recommendations for future projects in terms of sam-
pling design and census techniques.

2 Material and methods
2.1 Census site

The census was conducted at Mayotte Island (12°50’S,
45°10’E), Western Indian Ocean. Mayotte Island is a major

nesting site and, due to the presence of extensive seagrass beds
which cover some 100 km? (Frazier 1985), an important for-
aging site. Foraging areas include both coral reefs and sea-
grass beds and are located in the shallow waters of the lagoon
(less than 5 m-deep). The census was carried out in September
2002 on the N’Gouja seagrass bed (located in the south of the
main island) where both snorkelling and aerial surveys were
conducted along a predetermined transect near the shoreline
(Fig. 1). The transect was 640 m long and divided into three
12 m-wide contiguous strips (Fig. 1). The strip width was de-
termined by the minimum underwater visibility, thus ensur-
ing that all turtles present in the transect could be seen. Ten
buoys delineated the surface of the survey area, which totalled
23040 m? (Fig. 1).

2.2 Visual counts from snorkel diving

Visual count techniques are commonly used for fish com-
munities (Sale 2002), yet few were used for marine turtles
(Bjorndal and Bolten 2000). In this study visual counts were
collected by two surface swimmers, swimming slowly at the
same speed and moving in the same direction (Fig. 2). Swim-
mers were linked by a 12 m-long rope, to ensure parallel tra-
jectories, and a compass was used to maintain their direction.
While each swimmer surveyed one side strip, both of them
monitored the central strip. Each transect was covered within
thirty minutes.

After each survey the overall number of turtles was cal-
culated by summing the counts on the two side strips and
the maximum number recorded in the central strip. Recorded
sightings in the central strip were also used to estimate differ-
ences between observers.
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Fig. 2. Description of snorkelling surveys.

When external sexual characteristics were apparent
(Wibbels 1999), the sex of each adult was recorded as male or
female. Sex was classified as undetermined in all other cases.
Data were recorded per longitudinal section of the transect.

2.3 Aerial counts

Aerial counts were recorded from a microlight aircraft and
a paramotor.

The microlight aircraft was a 3 axe, sky Ranger bi-place
plane (Best Of, Inc.) with a 80 HP Jabiru engine. The plane
flew at a constant altitude of 150 m, and at a speed of ca.
80 kmh™!. It closely followed the middle strip of the ground
transect. The crew consisted of a pilot and an experienced ma-
rine turtle observer, who recorded the total number of turtles
observed within the transect area (surface and bottom). The
transect was covered within 30 s.

The paramotor was a 42 m? bi-place airfoil wing, with a
21 HP engine. The wing flew at a constant altitude of 150 m
and at a speed of less than 30 kmh™! (depending on wind
strength). Under these conditions, the paramotor flight time
was roughly 1 h 30 min. The observer was located ahead of the
pilot. The angle of vision allowed the observer to count within
a 500 m-wide corridor, determined by georeferenced points
located on the reef flats. In the lagoon at Mayotte Island, the
inner reef flats did not exceed the width of that corridor. There-
fore, a single flight was sufficient to count the total number of
turtles in this area.

2.4 Census design and estimation method

Microlight aircraft and snorkelling observations started si-
multaneously to limit environmental variations linked to tide,
human activity and sun position. Nine microlight surveys and
twenty snorkelling counts were carried out. Whenever possi-
ble, the area was surveyed twice a day, in the morning and in
the afternoon.

Transects were surveyed at different times of the tidal cy-
cle. Tidal height was measured to take into consideration the
influence of tide on turtle movements. Sea elevation was cor-
rected to the reference level in marine maps.

In the case of the paramotor, one flight was carried out
during the same period as snorkelling and microlight aircraft
counts whilst eleven other grazing sites were also surveyed
(Fig. 3). In each surveyed site, the observed numbers of green
turtles was recorded from the reef flat, which included the
sandy area, the seagrass bed and the detritus reef flat up to
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Fig. 3. Coast sections surveyed by the paramotor at Mayotte Island.

the inner slope (Fig. 1). For each of the 12 sites, the sur-
face of the surveyed area was estimated from an aerial image
(“Orthonum® IGN-1997”, http://www.ore-oi.org) using
the MAPINFO® software.

The mean number of turtles and corresponding mean den-
sity (number of turtle per m?) were calculated for each cen-
sus technique. Non parametric Mann-Whitney tests were used
to test for differences between observers, and between census
techniques.

Between-site differences in turtle numbers and densities
obtained from the paramotor could not be statistically tested
because only one count was available per site.

3 Results and discussion

3.1 Numbers observed during snorkelling surveys and
aerial surveys

Snorkel census

In the twenty snorkelling surveys, the two observers
counted 462 turtles. Counts recorded in the central strip
showed no significant differences between observers (U =
196.5 Mann-Whitney; p > 0.05). Sex could be determined
for 86% of turtles, among which 52% were males and 48%
were females. Along any given transect, turtles were generally
found in small groups of 4 or 5 individuals. Individuals ap-
peared to be randomly distributed with no marked associations
based on size or sex.
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Fig. 4. Comparison of microlight aircraft and snorkelling surveys.

Microlight census

In the microlight aircraft counts, 288 green turtles were
observed although the technique proved to be inadequate in
counting or even recording groups and in addition, sex and
size could not be determined.

With these two techniques, recorded numbers varied from
day to day (Fig. 4).

The mean number and mean density per day esti-
mated from the microlight aircraft were 32 individuals and
0.0014 ind.m~2 with a coefficient of variation (CV) of 34%.

The snorkelling surveys gave a mean number of 29 indi-
viduals and a mean density of 0.0013 indm™2, CV = 31%.
The mean values obtained from the two techniques were not
significantly different (U = 37, Mann-Whitney, p > 0.05).
Mean numbers obtained from the two techniques were not sig-
nificantly different (U = 37, Mann-Whitney, p > 0.05).

We also investigated the relationship between turtle num-
ber and water depth. In preliminary observations, turtles were
found to occupy the seagrass bed only when water depth ex-
ceeded 0.9 m. When the water level was too low, green turtles
appeared to prefer the inner reef slope (Fig. 1). During all cen-
suses water depth ranged from 1.2 to 2.7 m. Results showed
that in these conditions, no significant effect of water depth
upon green turtle abundance could be observed. Thus, counts
should only be conducted when water depth exceeds 1 m.

3.2 Turtle numbers from the paramotor

The paramotor was used to carry out two counts along the
transect and to estimate the overall numbers of turtles over the
whole area (reef flat including sea grass beds). Counts took
place on the same day with 21 and 26 turtles being observed in
the transect surveys, corresponding to an average of 23.5 indi-
viduals and a density of 0.0012 ind.m™2.

In addition, in the whole reef flat a total of 188 turtles were
recorded during the same flights corresponding to a density of
2.97 x 107* ind.m™2. The density in the transect area is thus
much higher than in the rest of N’Gouja, suggesting that sea-
grass beds are a preferred foraging habitat for green turtles.

Results obtained on 12 grazing sites showed differences
in densities between sites (Table 1, Fig. 3). N’Gouja and the

Table 1. Estimated reef flat surface, abundance and density of green
turtles observed from the paramotor on 12 sites of Mayotte Island
(Fig. 3). Map sections may be identified from Figure 2. N’Gouja cor-
responds to Sect. 1.

Map Reef flat  Abundance Density Rank in

Sections  surface (m?) (ind.) (10*ind.m™?) terms of

density
1 634 000 188 297 1
2 712 000 138 1.94 3
3 650 000 27 0.41 11
4 1000 000 43 0.43 10
5 1470000 19 0.13 12
6 110000 172 1.56 4
7 1600 000 109 0.68 9
8 1100000 43 0.84 7
9 510000 40 0.78 8
10 760 000 73 0.96 6
11 420000 59 1.40 5
12 637 000 186 2.92 2

Milha site (Sect. 12, Fig. 3) exhibited by far the largest densi-
ties and appeared as important grazing sites for green turtles.
Yet, both sites experience a relatively high level of human dis-
turbance; N’Gouja has a large hotel, and Milha is close to a
village. In contrast, some of the other sites are rarely or never
visited.

The large number of green turtles observed in our study
suggests that Mayotte Island is an important foraging site in
the western Indian Ocean. Comparisons with other sites would
be invaluable in ascertaining whether Mayotte is normal or ex-
ceptional.

There was no significant relationship between the reef flat
surface area and turtle density, and the preference of turtles for
seagrass beds seen in N’Gouja suggest that habitat preferences
should be accounted for when designing research protocols.
For instance, stratifying design according to reef characteris-
tics would improve the accuracy of density estimates. In this
respect, measurements of habitat such as reef area character-
istics, coverage of living organisms and substratum composi-
tions would be useful to investigate the relationships between
turtle abundance and habitat features, and to explain differ-
ences in numbers observed between sites.

4 Conclusion: Which census technique
for foraging sea turtles?

The techniques used in the experiment have both disadvan-
tages and advantages in estimating the numbers of foraging
green turtles.

Snorkelling surveys allow a simultaneous evaluation of tur-
tle abundance and characteristics e.g. species, sex as well as
length (not recorded here). However, the size of the surveyed
area and the number of observations are limited by an ob-
server’s swimming capability in terms of speed and endurance
and by variability in underwater visibility. Snorkelling obser-
vations are also likely to be affected by the influence of hu-
man observers on the turtles. In this respect, N’Gouja may
be unique because turtle behaviour seemed to be unaffected
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by human presence. This may not be the case in other forag-
ing sites. Unpublished observations from the authors show that
in other locations foraging green turtles generally avoided ob-
servers. Aerial counts by the microlight aircraft and paramotor
are less likely to affect the behaviour of foraging turtles. At
times the shadow of the plane or wing on the surface of the
water appeared to cause turtles on the surface to dive slowly
whilst remaining visible in the clear shallow waters.

The microlight aircraft flights yielded frequency estimates
but species, sex and size of turtles could not be ascertained.
Due to the speed and altitude of the plane there is also a risk
(not negligible) of confounding turtles with substrata like coral
patches. Although the microlight may be used to survey large
areas for qualitative purposes (Henwood and Epperly 1999),
its speed is too high to provide reliable counts in the sea. In
contrast, the microlight aircraft may be more useful to provide
other frequency indices like track counts of nesting turtles on
beaches (Crouse 1984; Schroeder and Murphy 1999). The au-
thors are currently using a microlight aircraft for this purpose
on several Mayotte beaches.

In comparison with the microlight aircraft, the paramotor
had several advantages: a low speed, the possibility of hover-
ing and an ease of changing altitude to adjust the count to the
width of reef flat, and finally a better position for the observer
on the airfoil wing. These advantages allowed species to be
identified and counts to be more precise. The manoeuvrability
of the paramotor made it possible to count the total number
of turtles in a zone larger than the transect area. However, the
paramotor is sensitive to meteorological conditions, and must
be used close to the coastline because of its limited fuel capac-
ity. Mayotte Island seagrass beds located close to the barrier
reefs could not be safely surveyed from the paramotor.

The major advantage of the paramotor remains in its ca-
pability to obtain both a synoptic picture of turtle distribution
over seagrass beds and reef flats, and a more accurate estima-
tion of numbers.

Given the results of this pilot study, we recommend that
future monitoring of sea turtles on foraging areas includes the
following features:

1) Definition of habitats for mapping and design of sampling
sites;

2) Paramotor aerial surveys to estimate the spatial distribution
and abundance of turtles, and when possible;

3) Snorkelling surveys to identify sex and estimate animal
size; in the case of seagrass beds located further from
shore, surveys from the microlight aircraft are needed.
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