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Fig. 2. Utilisation extent of all flatback sea turtles calculated as the maximum number of individual turtle Brownian Bridge util-

isation distributions (UDs) in each 3 km grid cell during (A,B) nesting season, (C,D) outward transit, (E,F) foraging mode.

Depth contours—10 m and 25 m in (A,B) and 50 m and 100 m in (B—F)—are shown in grey. 95 % UDs are shown in (A), (C) and

(E), and 50% UDs are shown in (B), (D) and (F). See Fig. S5 in the Supplement at www.int-res.com/articles/suppl/
m602p237_supp.pdf for finer scale resolution of (E) and (F)
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the second foraging trip) (Figs. S2 & S3), 87 % of the
time was spent foraging (considering only the first
foraging trip), 3.5 % migrating to and from foraging
grounds (after the first foraging trip), 6.5% nesting
(at the second, complete nesting season) and 3% in
other transit (Figs. S2 & S3). All 3 turtles returned to
the previously used foraging grounds. Only one
other turtle (111632) had a record nearing 2 yr, but it
did not re-migrate and was 751 km from Bells Beach
at the end of the data record (727 d at large), suggest-
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Fig. 3. Zoomed in detail (from Fig. 2) of the overlap between
the number of turtle 95 % Brownian Bridge utilisation distri-
butions (UD) in each 3 km grid cell with the Cape Lambert
shipping channel (large, continuous black contour) and the
dredging for the new wharf (very small black contour next to
the port) during (A) nesting, (B) outward transit and (C)
foraging. Red contour in (A) represents the 50 % UD contour
for all turtles during nesting

ing it was unlikely to return for nesting at the 2 yr
interval. A further 31% of the turtles had tracks
longer than 1 yr but less than 2 yr (567 + 98 d) but did
not re-migrate.

The median 50 % kernel utilisation distribution for
the full track (all behavioural modes combined)
for individual turtles was 295 km? (range = 64 to
4260 km?) (Table 1). The range was large due to
large variations in the migration distance from the
nesting site to each of the foraging grounds (18 to
1326 km). The total combined areas encompassed
by all the 50 and 95% utilisation distributions for
the full track were 7829 and 75 060 km?, respectively
(Table 1).

The Cape Lambert Port shipping channel extends
for approximately 40 km from the port. The 95 % util-
isation distribution overlapped with the Cape Lam-
bert Port shipping channel and the area associated
with dredging for a new wharf for 33 (94 %) turtles
during the inter-nesting period (Fig. 3A), 9 (26 %) tur-
tles during outward transit and only 1 (3%) turtle
during foraging (Fig. 3B,C). During nesting and out-
ward transit behaviours, 95 and 100 %, respectively,
of the shipping channel overlapped with the 95%
utilisation distribution of all turtles combined. For the
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Fig. 4. Cumulative mean and SD of the area (km?) of the

95 % utilisation distribution, calculated from 100 iterations of

randomly selecting the turtles to be included in the sample

(from 1 to the total) (A) for the inter-nesting period and (B)
on the foraging grounds
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Table 2. Dive summary statistics calculated from individual flatback sea turtle dive events. For max. duration we present the
most conservative value between that which we calculate from the individual dive events and the value reported by the
satellite relay data logger (SRDL) summary page

D Duration Max. duration Surface duration Descent rate Ascent rate
(min) (min) (min) (ms™) (ms™)
123155 20.4 +10.8 60 3.2+4.5 0.23+0.17 0.15+0.15
123156 37.1£21.0 130 3.3+3.0 0.29 +£0.18 0.13 +0.15
123157 31.4 +£30.3 180 29+24 0.31 £0.29 0.17 £ 0.13
123158 34.2+314 180 3.0+3.2 0.28 +0.28 0.14 £ 0.14
123159 220+ 154 75 3.0+33 0.22 +0.18 0.15+0.13
123160 19.6 = 16.7 140 21+£26 0.30 £ 0.26 0.14 £ 0.15
123161 459 + 34.7 200 43+4.2 0.32 +0.23 0.19 £ 0.14
123162 32.1£20.0 120 29+33 0.21 £0.19 0.13+0.13
123163 30.6 £ 24.1 140 42+4.8 0.27 £ 0.17 0.18 +0.18
123164 249 +13.2 75 26+1.8 0.28 £0.19 0.17 £ 0.17
Mean + SD 29.8 +8.3 130.0 + 48.5 3.2+0.7 0.27 + 0.04 0.15 £ 0.02

Table 3. Dive summary statistics calculated from the individual flatback sea turtle dive events. TAD: time allocation at depth

index. See Table 2 caption regarding calculation of maximum max depth. Note: in some cases dive depth is greater than

the bathymetry, which occurs because some turtle positions were very close to shore and bathymetry is recorded at lowest
astronomical tide. Prop.: proportion

ID Mean max. Maximum Mean time at % dives with Mean bathy- Max. bathy- Prop. within
depth (m) max. depth (m) max. depth (min) TAD >0.75 metry (m) metry (m) 10 % of bottom
123155 143 + 7.7 38 41.2 +39.3 0.57 10.5+7.9 34 0.80
123156 42.5 +22.8 130 33.2+36.3 0.48 52.7 +20.0 133 0.63
123157 11.0+4.7 33 45.9+42.0 0.81 2.8+3.1 17 0.96
123158 12.5+5.2 40 34.4 +40.0 0.69 6.9+55 35 0.86
123159 159+ 11.3 63 443 +394 0.60 13.5+15.2 83 0.77
123160 8.5+4.0 24 38.9 +39.2 0.60 8.9+3.8 25 0.46
123161 39.4 +29.3 120 50.5 +40.9 0.72 44.8 + 33.7 172 0.72
123162 22.7+15.0 75 30.5 +38.1 0.62 15.6 £21.4 65 0.83
123163 40.6 +28.0 120 32.9+36.9 0.45 57.5 +£28.0 122 0.53
123164 21.9+9.3 60 44.5 +39.1 0.60 23.5+10.3 57 0.75
Mean +SD 229+ 13.1 70.3+39.7 39.7+6.7 0.61 £0.10 23.7+20.3 743 +52.3 0.73+0.15

one turtle with overlap with the shipping channel
during foraging, only 25% of the shipping channel
overlapped with the 95 % utilisation distribution.

The plot of the cumulative utilisation distribution
shows that we had near sufficient samples for docu-
menting spatial use during the inter-nesting period
(Fig. 4A), but not while on the foraging grounds
(Fig. 4B). This is likely related to the finding that the
turtles did not use a common foraging ground and
had minimal spatial overlap among individuals.

The diving statistics are summarised in Tables 2 & 3.
The mean diving duration for the turtles was 29.8 +
8.3 min but the absolute maximum diving duration
was 130.5 + 48.5 min with the absolute maximum
recorded for an individual being 200 min. Descent
rates (0.27 + 0.04 m s™!) were faster than ascent rates
(0.15 + 0.02 m s7}) (Table 2). Mean maximum diving

depth was 22.9 + 13.1 m and 39.7 + 6.7 % of dive time
was spent at the maximum depth. The absolute
maximum depth reached across all turtles was 70.3 =
39.7 m. The proportion of dives within 10 % of the bot-
tom (i.e. benthic) was 0.73 + 0.15 and the proportion of
dives that were U shaped (TAD >0.75) was 0.61 +0.10
(Table 3). There was large variation in the mean
(23.7 = 20.3) and maximum (74.3 + 52.3) bathymetry
and it was more or less in line with the mean and max-
imum diving depths (Table 3). The maximum dive du-
ration and depth recorded by the SRDL in the sum-
mary file was sometimes different than the maximum
duration and dive depth we calculated from the indi-
vidual dive events per turtle (Figs. S6 & S7). This can
occur because the summary statistics are based on all
data recorded by the SRDL and are not prone to dis-
tortion by variations in the efficiency of transmission
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via ARGOS (as per information provided by the
manufacturer). However, to be conservative, we re-
port the maximum dive duration and depth (Tables 2
& 3) as the lower of the 2 values.

All dive statistics varied with behavioural mode,
with the slope model in all cases having majority sup-
port (WAIC = 0.92 to 1.0) (Table S3).

123157, 123158, 123160), possibly due to the shallow
diving depths of these turtles (Table 3). For the turtles
with long enough records, it is possible to see that
there were times where the turtles were diving in
stratified water (Fig. 6). For those with 2 summer
periods recorded, it can be seen that the water tem-
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Fig. 5. Predicted values and confidence interval for each flatback sea turtle dive

statistic from linear mixed effects models fitted to examine the relationship be-

tween dive statistics and behavioural mode. TAD: time allocation at depth, with

the dashed line indicating the value of TAD above which dives are considered
U-shaped
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Fig. 6. Time depth profiles of flatback sea turtles colour coded by temperature recorded by conductivity-temperature-depth-
satellite relay data loggers (CTD-SRDL) for 6 turtles (turtle ID in bottom right)
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perature in the second summer (when the turtles
were in foraging mode) was mostly lower than that
for the first summer (during the inter-nesting period)
(Fig. 6). This is probably related to the fact that on
the foraging grounds, these 3 turtles were typically
much further from shore and in much deeper
water than when they were on the nesting grounds
(Table 3).

Surface water temperatures recorded by Kiwisat
tags ranged between 21.5 and 35.5°C during inter-
nesting, 22 and 32.5°C during outward transit and
between 16 and 37.5°C during foraging (Fig. S8).
There was a clear seasonal pattern and some indica-
tion of fluctuations between years (Fig. S8). We found
no evidence for an effect of year during nesting, with
the model containing day-of-year alone having ma-
jority support (Table S4); however, we did find evi-
dence for an effect of year during foraging, with the
slope model having majority support (WAIC =1) and
explaining 60 % of the deviance (Table S4). Predic-
tions showed that turtles experienced warmer sea sur-
face temperatures (by ~2°C) in the 2010-2011 season
(Fig. S9). In total, 51 % (17) of the turtles with trans-
mitters have now been re-sighted, with an average
(=SD) return rate of 1178 + 374 d (~3 yr). Only one of
these still had the harness attached but no transmit-
ter (almost 2 yr later), due to biofouling along the har-
ness (this was 1 of 3 that were not treated against
fouling). The plastron ring had evidence of corrosion
but had yet to completely corrode. Of these turtles,
the majority (14) were recorded as having minor
damage which consisted of 2 notches 1 to 2 cm long
from the rear straps where the harness had rubbed
on the carapace (Fig. S11). A further 3 were recorded
as having no damage.

DISCUSSION

Our analysis provided an objective and quantita-
tive assessment of the spatial and temporal extent of
biologically important areas for flatback turtles.
Importantly, we found that flatback turtles from the
Cape Lambert region did not use a discrete migra-
tory corridor and dispersed widely to foraging
grounds that had minimal spatial overlap. The lack of
common spatial areas for foraging and transit make
protection outside the nesting season more challeng-
ing. By overlaying turtle utilisation distributions with
industrial activities (shipping channels and port infra-
structure), we have provided important data for con-
servation and management planning for this species.
We also provide the first information on the diving

behaviour and in situ water temperature data of flat-
back turtles during the post-nesting migration, show-
ing that turtles forage both on the benthos and within
the water column, and that some turtles forage in rel-
atively deep and stratified water far from shore.

The median kernel utilisation distribution we cal-
culated during the inter-nesting phase (131 km?) was
similar to that calculated for nearby Barrow Island
(143 + 171 km?) (Whittock et al. 2014). This is a larger
area than has been reported for other adult female
marine turtles such as loggerhead turtles (10 km?
Schofield et al. 2010) but much less than for Kemp's
ridley turtles (600 to 1000 km?; Seney & Landry
2008). The different ranges may reflect the size of
adjacent available nesting beaches or be related to
species-specific requirements such as foraging to
supplement stored energy reserves (Schofield et al.
2010) as has been reported for other marine turtles
(Hochscheid et al. 1999, Hays et al. 2002, Georges et
al. 2007).

The total area used during inter-nesting mode by
all turtles combined was, however, larger (1474 kmz)
than that calculated previously (218.69 km?) at the
Lacepede Islands (Thums et al. 2017). This was due
to the different ways that the utilisation distributions
were calculated. Here, we overlapped all individual
50 % utilisation densities and summed the area used,
whereas the utilisation density for the Lacepede
Islands was calculated across all turtle locations com-
bined. In addition, our calculation included turtles
from both Bells Beach and Delambre Island, and as
the latter turtles utilised Nickol Bay, the total utilisa-
tion distribution was expanded.

Similar to that reported previously (Whittock et al.
2016b, Thums et al. 2017), we found huge variation
in home range of individual turtles (range = 64 to
4260 km?) due to the large variation in mean distance
from the nesting site to the foraging sites used (18.2
to 1325.8 km). Here, the former turtle foraged near
to the nesting grounds, whereas the latter turtle was
1 of 7 turtles (22 %) that migrated over 1000 km from
the nesting site.

There was low individual overlap in the 95 % utili-
sation distribution for foraging mode, showing that
over their wide ranges, the turtles did not have any
common foraging grounds used by large numbers of
individuals. The highest number of turtle utilisation
densities overlapping was 3 (9 %) at Eighty Mile beach,
also found to be an important foraging site for flat-
backs from other rookeries (Whittock et al. 2016b).
This low overlap in flatback turtle home ranges has
been found previously, with only 15 % of turtles from
across 4 rookeries in the northwest (n = 66) having
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overlapping home ranges at a 20 km grid scale (Whit-
tock et al. 2016b). These observations suggests that
suitable foraging habitat is available along the entire
length of the coast (Pendoley et al. 2014b), and per-
haps also that flatback turtles do not have specialised
diets (Limpus 2007). These results also have impor-
tant implications for protecting the foraging grounds
for this species, and suggest that marine protected
areas are unlikely to be a solution — although in this
case, the Eighty Mile Beach, Kimberley and Oceanic
Shoals Commonwealth Marine Reserves afford some
protection to foraging turtles. However, there was no
overlap between the Dampier Commonwealth Mar-
ine Reserves and the total 95 % utilisation distribu-
tion for all turtles during the nesting season (Figs. 2 &
S10 in the Supplement at www.int-res.com/articles/
suppl/m602p237_supp.pdf). Affording more protec-
tion to the inter-nesting utilisation distribution area
with the largest individual turtle overlap could be
considered, although for high-risk operations such
as dredging, mitigation such as turtle excluder devices
(TEDs) and fauna observers are used by industry in
this area.

The cumulative mean plot of utilisation distribution
shows that our sample size was representative for
calculating the area used during the inter-nesting
period; however, it might have been insufficient for
documenting the foraging grounds. This is perhaps
not surprising given that we did not find a common
foraging ground used by large numbers of indi-
viduals.

As previously shown by Esteban et al. (2017), satel-
lite transmitters are useful for estimating clutch fre-
quency in sea turtles. Using haulout events >45 min
reported by the CTD-SRDL tags, our data suggest an
inter-nesting interval of around 16 + 4 d. Unfortu-
nately, we were not able to determine the location
class for each of the haulout events, as haulouts are
calculated by the tag via the wet and dry sensors and
reported with the interpolated haulout location and
start and end dates (Fedak et al. 2001). Thus, some of
the location estimates used in the interpolation might
have been those with higher spatial error. Even still,
our calculated inter-nesting interval is similar to the
inter-nesting interval calculated for flatback turtles
in the same region, at 10 to 14 d (Pendoley et al.
2014a, Whittock et al. 2014), and similar to that
reported for marine turtles in general (9 to 18 d)
(Miller 1997).

Our data suggest that 3 turtles re-migrated to the
nesting grounds, but only one of these (111633 at
690 d) showed evidence that nesting occurred (it
spent 50 d there, whereas the other 2 spent <13 d).

Using our inter-nesting interval of 16 d, this would
suggest that the turtle only nested 3 times (range = 2
to 4 considering the calculated SD). The re-migration
interval at nearby flatback rookeries was also around
2 yr (Pendoley et al. 2014a). The fact that many (31 %)
of our tracked turtles had tracking durations longer
than 1 yr but did not re-migrate, and another of our
turtles had a tracking duration of 727 d but was still
751 km from the nesting grounds, suggests that re-
migration intervals for flatback turtles at this site are
likely to be 22 yr. But given that 75% of re-migrant
flatback turtles at Eco Beach (in the Kimberley
region) nested on a 1 yr cycle (McFarlane 2011), and
37 % of the flipper tag re-sighted turtles at Delambre
Island re-migrated within 1 yr (Thums 2015), 1 yr re-
migration intervals are also possible, but perhaps not
all re-migrants nest. Marine turtles generally return
to breed at variable intervals of 2 yr or more (Miller
1997) and differences in re-migration intervals could
be related to body condition and quality of the forag-
ing grounds in addition to environmental conditions,
as has been suggested in relation to fluctuations in
the numbers of green turtles returning to breed
among years (Limpus & Nicholls 1988).

Re-sight rates of flatback turtles at Bells Beach not
instrumented with satellite tags were shorter on
average (~2 yr) than those that were instrumented
(~3 yr). There are, however, some important consid-
erations here: (1) the rookery is only monitored for 2
to 3 wk over peak season, thus it is not possible to cal-
culate re-migration intervals precisely with these
data; (2) re-sight effort was higher during years
where satellite tags were deployed; (3) we have a
much smaller pool of re-sighted turtles that had satel-
lite tags deployed compared to those that did not (17
vs. 180); and (4) turtles lose their flipper tags and any
minor carapace damage might go unnoticed (thus
some re-sightings of turtles that had satellite tags
deployed would be recorded as new). We suggest
that more data are needed to determine any effect of
the harness, such as comparing satellite tags
deployed with and without a harness as done for
leatherback turtles (see Fossette et al. 2008).

As these are the first dive records of flatback turtles
outside of the inter-nesting period, it is difficult to
compare our results. Even for other species, most
deployments of time-depth recorders are during the
inter-nesting period where fidelity to nesting beaches
allows for the recovery of instruments (and data). The
mean maximum depth of turtles here for all behav-
ioural modes combined (22.9 + 13.1 m) was in line
with that found for inter-nesting flatback turtles at
Curtis Island, Queensland and Bare Sand Island,
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Northern Territory (Sperling et al. 2010); however,
inter-nesting turtles here had much shallower dives
(9.6 + 2.4 m). The mean dive duration at Curtis Island
and Bare Sand was around 35 and 44 min, respec-
tively, whereas inter-nesting turtles here had mean
dive durations of around 14.0 = 3.7 min, and for all
periods combined was 29.8 + 8.3 min. Our dive dura-
tions are similar to the post-nesting migrations of
another benthic diving species from the region, the
hawksbill turtle, which had mean dive and post-dive
durations ranging from 31.2 to 57.9 min and 1.1 to
3.9 min, respectively (Hoenner 2012). The mean
maximum dive duration recorded here was 130.5 +
48.5 min, and an absolute maximum recorded of
200 min, greater than the maximum recorded for
hawksbills in the region of 145 min (Hoenner 2012).
Our procedure of selecting the more conservative
maximum duration (comparing that calculated by us
from the individual dive events versus that reported
in the SRDL summary statistics) ensures that this
result is not distorted by variations in the efficiency of
transmission via ARGOS. In addition, a maximum
duration of 200 min occurred twice (for turtle 123161)
with the next longest value being 180 min recorded
by this turtle 10 times and by 2 other turtles (123157
and 123158) on 4 and 3 occasions, respectively
(Fig. S6). Although this is not the longest duration
recorded for a marine turtle, e.g. the maximum re-
corded for a marine turtle was 410 min for a logger-
head turtle (Hochscheid et al. 2005), the loggerhead
record was from temperate waters during winter,
where dive duration might be extended by reduced
metabolic rates (Hochscheid et al. 2005). While we
also included some portion of winter in our dive
records, the diving occurs in tropical waters. How-
ever, some of our turtles dived deeply (30% 2120 m
and 70% =60 m), and inspection of the temperature
profiles for the turtle that recorded the longest dive
duration (200 min for 123161) shows that the water
temperature experienced by the turtle was as low
as 20°C, with ~24°C commonly recorded. Taken to-
gether, the evidence suggests that flatback turtles
here might also be able to extend dive duration
beyond other species diving in tropical waters (e.g.
hawksbill turtles) given these relatively deep dives to
cooler waters.

Even though all dive statistics varied with behav-
ioural mode, much of the deviance explained by the
models was related to the random effects, except for
dive duration. This is likely the result of small sample
size, and that the 10 turtles tracked all went to differ-
ent places with highly variable bathymetry, mostly
related to distance from shore. Dive durations were

longest on the foraging grounds and shortest on the
nesting grounds, with the outward transit having
intermediate durations. This might be the result of a
combination of seasonal effects (cooler air and thus
sea water temperature in winter) and deeper diving
on the foraging grounds and thus a mechanism (via
reduced metabolic rate) to extend dive duration (as
explained above). We also found a similar pattern
between diving depth and behavioural state. How-
ever this is largely related to differences in the
bathymetry, with some turtles selecting areas for for-
aging with bathymetry deeper than that available
during the inter-nesting period.

The mean TAD index calculated suggested that
dives on the foraging and nesting grounds only are
U-shaped (relatively rapid descent and ascent with a
long bottom time). As U-shaped dives are associated
with foraging (Schreer et al. 2001, Thums et al. 2008)
and resting on the bottom (Hays et al. 2000, Fossette
et al. 2012), this is expected. The lower ascent rate
recorded for the outward transit also fits, as traveling
dives have been associated with a gradual ascent
phase (Hochscheid et al. 1999). Our results suggest
that flatback turtles do not transit at the surface, but
rather at depths of 18 m on average. This has been
suggested as a strategy to reduce silhouetting and
thus predation (Hays et al. 2001). We also suggest
that bathymetry features such as ancient coastlines
might aid in navigation, as on average, turtles were
within about 88 % of the bottom (Thums et al. 2017).
The majority (73 + 0.15%) of dives were within 10 %
of the bottom, suggesting that flatback turtles are
predominantly benthic, as indicated based on stom-
ach content data and other observations (Limpus et
al. 1988, Zangerl et al. 1988, Walker 1991). However,
as the mean percentage of the sea floor reached
during foraging mode was around 87 %, we suggest
that foraging both on the benthos and in the water
column occurs. The association with the benthos
highlights their vulnerability to activities such as
dredging and other activities such as bottom trawling
that are focussed on the seabed.

The foraging habitat of flatback turtles is thought to
focus on shallow, turbid, inshore waters (Limpus et al.
1983). The results presented here mostly align with
this hypothesis, with most of the individuals spending
considerable time close to shore in relatively shallow
average water depths of 26 + 25 m. However, 18 % of
our tracks were off-shore, and the limited number of
turtles we obtained water temperature profiles from
showed that some forage in relatively deep (>100 m),
stratified water as found for flatback turtles from the
Lacepede Islands (Thums et al. 2017).



Thums et al.: Movement behaviour of flatback turtles 251

We found a strong diel signature in dive behaviour,
namely with dive and surface durations, with dives
longest at night and a longer period of time spent on
the surface, increasing during the morning up to
midday and declining thereafter. As reported for
other turtles (Hays et al. 2000, Blumenthal et al. 2009,
Witt et al. 2010), these longer durations could be
related to resting on the bottom. As our diel calcula-
tions were made on diving behaviour during the
entire deployment, they consist of dives during all
stages (inter-nesting, transit and foraging), but the
behaviours are likely more indicative of foraging
mode, given that 75% of the time was spent in
foraging mode.

The higher temperatures in 2010-2011 during
foraging may have been the result of the low number
of tags deployed in the summer of 2011 (n = 3) and
shorter duration of tracks (approximately 5.7 mo on
average) with most data recorded during austral
summer and autumn. It could also have been related
to a discrete warming event experienced in the
southeast Indian Ocean, with sea water temperatures
up to 5°C higher than usual along northwest Aus-
tralia (Moore et al. 2012) and overlapping with the
area that these turtles used.

The total utilization distribution calculated for the
inter-nesting period and outward transit both had
high (94 and 26 % turtles, respectively) overlap with
the shipping channel associated with Cape Lambert,
but only 1 turtle (3 %) had its foraging range around
Cape Lambert. This suggests that outside of the nest-
ing season and early part of the outward transit to
foraging grounds, industrial activities in this area are
not likely to be a risk to flatback turtles, at least for
turtles nesting at Bells Beach. As we only tracked 5
turtles from Delambre Island, we cannot make this
assertion as confidently for flatback turtles nesting
there or other marine turtle species that use the area
for foraging. The high overlap we found between tur-
tle inter-nesting and outward transit utilisation distri-
butions and the shipping channels and dredging
associated with the Cape Lambert Port could pose
risks to turtles from operational vessel movements in
terms of dredging and boat strikes. TEDs and fauna
observers were in place to reduce risk related to dredg-
ing and no interactions with turtles were observed
during the study period. Ensuring these controls are
in place during dredging operations appears to assist
in preventing dredge related injury or mortality
(Whittock et al. 2017). Although Hazel (2007) found
that in research trials in a 6 m boat, the proportion of
turtles that fled decreased as vessel speed increased
above 4 km h!, this response has not been demon-

strated in large vessels. The bulk carriers used in this
area are relatively slow (usually not more than 10
knots) and large (250 m or more in length). It is
expected that turtles would hear approaching vessels
in advance and flee, given that the auditory range of
turtles (Ketten & Bartol 2006) is within the broad
frequency spectrum of vessel noise (Richardson et al.
1995). The fact that turtle tracks continued and did
not stop after entering the channel (average deploy-
ment duration of 334 d) suggests that the turtles
tracked here were not impacted by vessel strike; fur-
thermore, 17 out of the 35 instrumented turtles have
now been re-sighted (as mentioned above). The 3
turtles with short (14 to 22 d) deployment times were
all re-sighted (after 738, 1122 and 722 d), lending fur-
ther support to this assertion. With only 1 turtle hav-
ing overlap with the shipping channel during forag-
ing, our data suggest that flatback turtles that use the
Cape Lambert area for nesting are at low risk from
vessel strike associated with industrial activity in this
area. However, we only tracked adult female flat-
back turtle nesters; flatbacks (or other species) that
nest in other areas could use the area for foraging.
Deployments on turtles (including males and juve-
niles) caught in water and/or aerial surveys would be
able to assess the risk further and additional de-
ployments on flatbacks from Delambre Island would
be useful to this end given that Delambre is a signifi-
cant rookery for the species.
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