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Abstract 

 

 

Gaining an understanding of the spatial ecology of marine turtles is essential for elucidating aspects of 

their life history ecology and for effective conservation management. This thesis presents a collection of 

chapters seeking to investigate the spatial ecology of this taxon. An array of technologies and 

methodologies are employed to ask both ecological and spatial management questions. Work focuses on 

foraging and thermal ecology, spatial appropriateness of Marine Protected Areas, movement models to 

describe habitat utilisation, analysis of data from sightings and strandings schemes and the use of a large 

synoptic fisheries dataset to describe fisheries patterns and putative risks to marine megavertebrates. 
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List of Tables and Figures 

 

Chapter I 

 

Prey landscapes help identify potential foraging habitats for leatherback turtles in the northeast Atlantic 

 

Figure 1. (a) Spatial and temporal distribution of reports of live leatherback turtles (1954 to 2003) on 

the European continental shelf. Dashed lines: 5th and 95th percentiles of this monthly spatial 

distribution; (o) records outside the defined range. Records between January and April are outside of 

the core seasonal distribution and represent 5 records in 50 years; the individual latitudes of these 

records are shown. Number of records for each month is shown above x-axis. (b) Sea surface 

temperature for records of leatherback turtles (alive n = 1514, dead n = 474). (c) Minimum curved 

carapace length, CCL observed at each degree of latitude from records with carapace measurements  

(n = 268). Solid line indicates regression (R2 = 0.4, F1,17 = 10.4, p < 0.001). 

 

Figure 2. Leatherback turtles and gelatinous organisms in the northeast Atlantic. Long-term monthly 

mean (1954–2003) gelatinous organism distribution with records of live leatherback turtles (empty 

circles) for May to October (1954–2003). n: number of records within each monthly image. White 

zones: CPR data deficient regions. Solid white lines: long-term monthly mean position of the 10 and 

12°C sea surface isotherms (Hadley ISST, 1954–2003). A: Rockall Bank. B: Porcupine Bank and 

Porcupine Bight. Dashed black lines: UK declared fishing zone and the Exclusive Economic Zone (EEZ) 

of Ireland (overlap of UK Fishing Zone and Irish EEZ is disputed territory). Grey coastal zone: territorial 

waters (12 nautical miles from coastal baseline). Proportion positive: proportion of CPR samples at each 

location positive for gelatinous organisms. 

 

Figure 3. Gelatinous organisms in the North Atlantic. Long-term seasonal mean (1954–2003) gelatinous 

organism distribution for (a) summer and (b) autumn. White zones: CPR data deficient regions. Solid 

white lines: long-term seasonal mean position of the 10 and 12°C sea surface isotherms (Hadley ISST, 

1954–2003). Boxes A and B describe leatherback turtle occupation zones recorded from satellite 

tracking by Ferraroli et al. (2004) (2 turtles), and Hays et al. (2004) (5 turtles) respectively, and 

circumscribe the minimum and maximum spatial extents of movement within the displayed images. Box 

C highlights a gelatinous prey ‘hotspot’ that could support foraging individuals during thermally 

accessible periods. Insets: frequency distributions of mean gelatinous organism relative abundance 

calculated from randomised block re-sampling (bootstrapping) using dimensions of box A (solid line) and 

box B (dotted line) for (a) summer and (b) autumn. Vertical lines: mean gelatinous organism relative 

abundance calculated for box A and B prior to the bootstrapping routine. 

 

Figure S1. Cumulative monthly CPR sampling locations 

 

Figure S2. Siphonophores mapped using abundance and proportion positive scales 
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Chapter II 

 

Satellite tracking highlights difficulties in the design of effective protected areas for leatherback turtles 

during the internesting period 

 

Figure 1. (a) Leatherback turtle nesting sites in Gabon (filled circles) including Mayumba National Park. 

Labels: (I) Equatorial Guinea territorial sea and exclusive economic zone, (II) Sao Tome & Principe 

economic zone, (III) Gabon territorial sea, contiguous zone and exclusive economic zone and (IV) 

Congo territorial sea. Hatched zone represents disputed region. Dashed line polygon depicts spatial 

extents of Figure 1b and c. Inset map shows the African continent, box (dashed line) indicates the spatial 

extents of Figure 1a. (b) Argos derived tracks of turtles A-E. Dotted black lines are bathymetric 

contours. Solid black arrows highlight dominant offshore ocean currents derived from absolute dynamic 

topography satellite altimetry data. (c) Habitat utilisation by tracked turtles using a single daily position 

taken at 12-midday for each turtle. Vertical inset colour scale indicates the number of occupation events 

per cell. Dotted black lines are bathymetric contours. 

 

Figure 2. Existing and recommended spatial zoning on the continental shelf of Gabon and the Republic of 

the Congo. Industrial trawlers can not operate in the existing Artisanal Fishery Zones (AFZ). In Gabon, 

the AFZ stretches from the coastline to 3 nautical miles, in the Republic of the Congo it reaches 6 

nautical miles. Artisanal fishing is permissible inside Conkouati-Douli National Park up to 6 nautical miles 

from the coast but only for villages within the Park. The recommended seasonal fisheries closure (SFC) 

should operate between September and March end each year for industrial trawl fisheries. No fishing is 

permissible inside Mayumba National Park. Mayumba National Park’s existing buffer zone (BZ) should 

act as seasonal closed zone (September to March end) for Artisanal Fishing; industrial trawlers should be 

excluded all year. 

 

Table 1. Summary table of leatherback turtle morphometrics and movement metrics for time at liberty. 
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Chapter III 

 

How much monitoring is needed for the worlds’ largest aggregation of nesting leatherback turtles? 

 

Figure 1. Coastal National Parks and Reserves of Gabon. Empty circles indicate aerial survey ground 

truthing regions. Labelled regions (Pongara, Iguela, Gamba and Bame) also contributed daily count data 

of leatherback turtle activities for the construction of seasonal nesting activity curves. Labels: Pongara 

National Park (PN), Wonga Wongue Reserve (WW), Loango National Park (LO), Sette Cama Reserve 

(SC), Ouangu Reserve (OU) and Mayumba National Park (MN). 

 

Figure 2. Ground truthing. Counts of leatherback turtle activities taken from spatially congruent ground 

patrols regions and aerial survey sectors. Solid line is linear regression (y = 1.097x +0.52, R2 = 0.99). 

Line of equivalence (dashed line). 

 

Figure 3. Proportion of total counts of leatherback turtle nests occurring in 10-km latitudinal bands 

derived from aerial surveying. (a-c) Surveys 1-3, 2002-2003, (d-f) Surveys 1-3, 2005-2006 and (g-i) 

Surveys 1-3, 2006-2007. Solid bars indicate those bands within National Parks and Reserves; hatched 

bars are those occurring outside of National Parks. 

 

Figure 4. Proportion of leatherback turtle nests occurring within Gabon Nationals Park and Reserves 

during early, mid and late aerial surveys for (a) 2002-2003, (b) 2005-2006 and (c) 2006-2007. Labels 

continued from Figure 1. 

 

Figure 5. 7-day smoothed nesting frequency distribution of leatherback turtle nesting activity. (a) 

Pongara 2006-2007, (b) Iguela 2006-2007, (c) Bame 2006-2007, (d) Gamba 2003-2004, (e) Gamba 2004-

2005, (f) Gamba 2005-2006, (g) Gamba 2006-2007. (h) Composite seasonal distribution of nesting 

activity derived from 2006-2007 data constructed from a-c and g, (i) Composite daily mean multi-year 

pattern of nesting activity from Gamba. Vertical grey bars indicate dates of aerial surveys, date range of 

early (E) and late (L) surveys are enclosed by dashed boxes. 
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Chapter IV 

 

Walking around the reef: inferring horizontal and vertical movements from time-depth recorders 

 

Figure 1. Regional geography of the northern Caribbean. (a) Map showing the location of the British 

Virgin Islands. (b) Local bathymetry around Anegada, British Virgin Islands. Areas of potential occupation 

are identified by contours drawn at the maximum recorded depth for turtles A, B, C, F and I (≤ 3 

metres), turtles D and E (≤ 6 m) and turtle H (≤ 23 m). (c) Inshore Anegada south reef. Empty and filled 

symbols represent the capture and recapture locations respectively of hawksbill turtles (A - I). Black 

dashed lines connect capture and recapture positions for each turtle. 

Figure 2. Depth utilisation behaviour of turtles B, D and H during a period of day (plots a-c, 08 to 12 

hrs) and night (plots d-f, 00 to 04 hrs). 

 

Figure 3. Mean 4-hourly coefficient of variation (solid line) for turtles A, D and H (plots a to c). Dashed 

line is mean ± 1SD. Periods of night, approximating to 18:00 to 06:00 hrs, are indicated by vertical 

hatched bars 

 

Figure 4. Tidally adjusted 30-minute maximum depth profiles for turtles D, E and H (plots a to c). 

 

Figure 5. Depth-constrained random walks (plots a to c) and derived patterns of potential habitat 

utilisation (plots d-f) for individuals D, E and H. Broken lines show depth contour demarcating deepest 

depth recorded for each turtle. Each random-walk plot shows 10 example walks with their respective 

end points (filled triangles). Release and recapture locations are shown by empty and filled circles. 

Broken line shows depth contour demarcating deepest depth recorded for each turtle. Potential habitat 

utilisation (plots d to f) is shown using a 100 m x 100 m grid derived from random-walk along-track 

interpolated locations (100 m intervals). Regions of greater intensity indicate areas that received a 

greater proportion of interpolated walk positions. Release and recapture locations are shown by empty 

and filled triangles. White empty cross in plots d to f indicate location of the greatest density of 

interpolated walk positions. 
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Chapter V 

 

Spatio-temporal patterns of juvenile marine turtle occurrence in waters of the European continental 

shelf  

 

Figure 1. Temporal incidence of records of loggerhead, Kemp’s ridley and leatherback turtles. Decadal 

distribution in the British Isles, 1910–2003: (a) loggerhead turtles n = 123, (b) Kemp’s ridley turtles n = 

28 and (c) leatherback turtles n = 650. Annual distribution in the British Isles (filled bars) and France 

(open bars) 1990–2003: (d) loggerhead turtles. British Isles n = 74 turtles and France n = 194. (e) 

Kemp’s ridley turtles. British Isles n = 6 and France n = 16. (f) leatherback turtles. British Isles n = 398 

and France n = 1018. 

 

Figure 2. Latitudinal distribution of sightings and strandings records for (a) loggerhead turtles and (b) 

Kemp’s ridley turtles. Pie chart size is proportional to the total number of records in each 1° latitudinal 

band. Number beside pie chart is the total number of records for that latitude. Filled and open sectors 

represent proportion of turtles recorded dead/alive respectively. Records for the British Isles (1910–

2003, filled triangles) and records for the French Atlantic coast (1990–2003 filled circles), 

Figure 3. Cumulative monthly frequency of sightings and stranding records, dead turtles (filled bars) and 

living turtles (open bars). British Isles 1910–2003: (a) loggerhead turtles, dead n = 35 and alive n = 81. (c) 

Kemp’s ridley turtles, dead n = 10 and alive n = 13. (e) leatherback turtles, dead n = 148 and alive n = 

414. France 1990–2003: (b) loggerhead turtles, dead n = 46 and alive n = 148 (d) Kemp’s ridley turtles, 

dead n = 2 and alive n = 14. (f) leatherback turtles, dead n = 288 and alive n = 730. 

 

Figure 4. Sea surface temperature (°C) for records of loggerhead and Kemp’s turtles in the British Isles 

(1910–2003) and France (1990–2003): (a) loggerhead turtles alive (open bar, n = 208) and dead (filled 

bar, n = 77), and (b) Kemp’s ridley turtles, alive (open bar, n = 27) and dead (filled bar, n = 10). Vertical 

dashed line indicates the temperature at which forced surfacing and floatation has been observed in each 

species (Schwartz 1978). Mean (±SD) monthly sea surface temperature profile from Hadley ISST dataset: 

(c) Britain Isles, 1910–2003, 49°N–60°N, 12°W–5°E and (d) France, 1990–2003, 43°N–49°N, 12°W–5°E. 

Horizontal dashed line is the thermal threshold reported to induce floatation (Schwartz 1978). 

 

Figure 5. Straight carapace length (SCL, cm) distribution from loggerhead and Kemp’s ridley turtles.  

(a) loggerhead turtles in the British Isles (1910–2003, filled bar, n = 57) and France (1990–2003, open 

bar, n = 161), (b) Kemp’s ridley turtles in the Britain Isles (1910–2003, filled bar, n = 25) and France 

(1990–2003, open bar, n = 15). 
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Figure 6. Plot of straight carapace length (SCL) versus weight of (a) loggerhead turtles (dead, filled 

triangles n = 125; alive, empty circles n = 100) and (b) Kemp’s ridley turtles (dead, filled triangle n = 1; 

open circles n = 13). Continuous line is the SCL versus weight relationship (r2 = 0.9) derived from 375 

loggerhead turtles from northwest USA coast (SCL range 42.3–98.9 cm, Braun–McNeill and Avens, 

unpublished data). Dashed line is the SCL versus weight relationship (r2 = 0.98) derived from 377 

Kemp’s ridley turtles  caught at sea from southwest USA Atlantic (Coyne 2000) (SCL range 19.6–65.8 

cm). 

 

Figure 7. Schematic of predominant ocean currents of the North Atlantic  
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Chapter VI 

 

A step towards seascape scale conservation: using VMS to map fishing activity 

 

Figure 1. (a) Mean annual spatial distribution of fisheries activity derived from VMS records using a 

simple speed filter. The colour scale indicates the mean annual number of VMS derived data points 

within 9 km2 pixels, solid line circumscribes the UK declared fishing zone, broken line is 200 m depth 

contour. Regional labels: Western Channel (WA), Goban Spur (GS), Rockall (RK) and Northern North 

Sea (NI). (b) Tonnes of fish (demersal and pelagic) landed by UK registered vessels from the shown ICES 

statistical reporting boxes. Total number of vessels registered at main UK fishing ports greater than 17 

metres in overall length (filled circles). All vessels for Northern Ireland have been mapped to Belfast.  

(c) Coefficient of variation of the mean annual distribution of fisheries activity, lighter colours indicate 

areas of greatest variability in space-use, darker areas indicate regions of consistent space-use on annual 

time-scales. (d) Coefficient of variation of the mean monthly distribution of fisheries activity, lighter 

colours indicate areas of greatest variability in space-use, darker areas indicate regions of consistent 

space-use on monthly time-scales. 

 

Figure S1. (a) Number of VMS records (x104) per year, (b) number of vessel identification numbers 

active each year (filled bars) and cumulative increase in vessel identification numbers appearing each year 

in the VMS dataset (empty bars), (c) frequency histogram of time elapsed (hours) between transmission 

of time adjacent records for all vessels in the 5 year VMS dataset, (d) frequency histogram of transmitted 

and derived speeds (filled and empty bars respectively) for 3,126,042 VMS records, and (e) frequency 

histogram of transmitted and derived headings (filled and empty bars respectively) for 3,126,042 VMS 

derived data points. 

 

Figure S2 - Table. Data handling/filtering process applied to the VMS dataset. 

 

Figure S3. Mean annual maps of fishing activity (vessels moving ≥ 3 and ≤ 10 km h-1) for the period 2000-

2004. Maps show the mean number of data points at each pixel, where darker colour indicates greater 

number of visits by vessels travelling at speeds most likely to indicate fisheries activity. 

 

Figure S4. Mean monthly maps of fishing activity (vessels moving ≥ 3 and ≤ 10 km h-1) for the period 

2000-2004. Maps show the mean number of data points at each pixel, where darker colour indicates 

greater number of visits by vessels travelling at speeds most likely to indicate fisheries activity. 

 

 

 


