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ABSTRACT: Identifying key m arine m egavertebrate habitats has become ever more im portant as 
concern increases regarding global fisheries bycatch and accelerated climate change. This will be 
aided by a g reater understanding of the patterns and processes determ ining the spatiotem poral d is­
tribution of species of conservation concern. We identify probable foraging grounds for leatherback 
turtles in the NE Atlantic using monthly landscapes of gelatinous organism distribution constructed 
from Continuous Plankton Recorder Survey data. Using sightings data (n = 2013 records, 1954 to
2003) from 9 countries (UK, Ireland, France, Belgium, The Netherlands, Denmark, Germany, Norway 
and Sweden), we show sea surface tem peratures of approxim ately 10 to 12°C most likely indicate the 
lower therm al threshold for accessible habitats during seasonal foraging migrations to high latitudes. 
Integrating m aps of gelatinous plankton as a possible indicator of prey distribution w ith therm al tol­
erance param eters dem onstrates the dynamic (spatial and temporal) nature of NE Atlantic foraging 
habitats. We highlight the im portance of body size-related therm al constraints in structuring leather- 
back foraging populations and dem onstrate a latitudinal gradient in body size (Bergmann's rule) 
w here smaller animals are excluded from higher latitude foraging areas. We highlight the marine 
area of the European continental shelf edge as being both therm ally accessible and prey rich, and 
therefore potentially supporting appreciable densities of foraging leatherbacks, w ith some suitable 
areas not yet extensively surveyed.
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INTRODUCTION

Identifying m arine predator foraging habitats re ­
quires an understanding of the spatial and tem poral 
interactions of the species-specific therm al niche and 
coincident prey availability. M ovement studies using 
electronic tagging have offered significant insights 
into the selected habitats of fish (Sims et al. 2003, Block

et al. 2005), reptiles (James et al. 2005a, Eckert 2006) 
and birds (Croxall et al. 2005). Assessing predator d is­
tribution w ith respect to the attributes of the environ­
m ent encountered (e.g. w ater tem perature and prey 
distribution) should assist in m aking predictions on the 
location of im portant habitats and aid an understand­
ing of w hy particular habitats are chosen over others 
(Sims et al. 2006). On fine spatial scales advances have
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been  m ade in enum erating prey, including jellyfish 
(Brierley et al. 2005) and copepod abundance (Baum­
gartner et al. 2003). At the scale of ocean basins, data 
on prey distribution rem ains limited and analyses of 
large-scale movements of marine predators with 
respect to their prey has mostly been  restricted to the 
use of satellite-derived chlorophyll a (Pinaud & Wei- 
m erskirch 2005, Haw kes et al. 2006). For large plankti- 
vores, such as the basking shark Cetorhinus maximus, 
spatial and tem poral prey distributions have been  con­
structed using landscapes of calanoid copepods as 
gathered  by the Continuous Plankton Recorder (CPR) 
Survey (Sims et al. 2006).

Leatherback turtles Dermochelys coriacea exhibit 
the w idest spatial distribution of any reptile, moving 
through equatorial, tropical and tem perate waters. 
The seasonal presence of leatherback turtles in m id­
latitude North Atlantic habitats has been previously 
recorded (Bleakney 1965, Brongersma 1972, Godley et 
al. 1998). More recently migratory movements into 
m id-latitude habitats have been  dem onstrated with 
satellite tracking (Ferraroli et al. 2004, Hays et al. 2004, 
Jam es et al. 2005a, Eckert 2006). The occurrence of 
leatherback turtles in habitats w ith sea tem peratures 
that induce lethargy in hard-shelled species (Daven­
port 1997) supports the prem ise that leatherbacks have 
an endotherm ie capacity, thus rem aining active in cool 
prey-rich w aters (Davenport 1998, M cM ahon & Hays 
in press). Female leatherbacks foraging in northwest 
Atlantic w aters (15 to 16.7°C) have been shown to sup­
port core body tem peratures 8.2 ± 2.4°C (mean ± SD) 
above am bient sea tem perature (James & Mrosovsky 
2004). This endotherm y is thought to be achieved 
through their considerable body mass (gigantothermy; 
Paladino et al. 1990) and physiological adaptations 
including counter-current vasculature in the flippers 
(Greer et al. 1973), insulating subcutaneous lipid layers 
(Frair et al. 1972, Davenport et al. 1990) and variable 
lipid composition and distribution (Davenport et al. 
1990). The independence of leatherback muscle m eta­
bolism to tem peratures betw een 5 and 38°C (Penick 
et al. 1998) may also favour prolonged occupation of 
m id-latitude habitats. Leatherback turtles primarily 
feed on gelatinous organisms such as coelenterates 
(class Scyphozoa), including Aurelia, Chrysaora, Cyanea 
and Rhizostoma (Bleakney 1965, Brongersma 1972, 
Davenport 1998). Pelagic tunicates (Thaliacea) such 
as pyrosomas and salps (Davenport & Balazs 1991) 
and other coelenterates (class Siphonophora) have also 
been  identified as dietary items (Den H artog & Van 
Nierop 1984).

The presence of gelatinous organism s (i.e. coelenter­
ates, siphonophores and thaliaceans) in the Central 
North Atlantic and North Sea has been recorded by 
the CPR Survey for more than 50 years (Richardson et

al. 2006). CPR data  have been  used to investigate a 
w ide range of biological phenom ena, including p lank­
ton assem blages (Beaugrand et al. 2002) and phenol­
ogy (Edwards & Richardson 2004), predator foraging 
ecology (Sims et al. 2006), and invasive species m oni­
toring (Johns et al. 2005). Here we analyse records of 
sightings, strandings and captures of leatherback tu r­
tles and investigate the seasonality and therm al eco­
logy of this species in the NE Atlantic w ith respect to 
a novel landscape of gelatinous organism  distribution 
constructed from the CPR Survey. A ugm enting coastal 
observation data  w ith published satellite telem etry 
studies enables patterns of leatherback distribution in 
both the neritic and pelagic realm s to be considered.

METHODS

Sightings, strandings and captures. Records of sight­
ings, strandings and captures of leatherback turtles 
occurring in UK w aters (1954 to 2003, n = 457) w ere 
taken  from the TURTLE database (available at: 
www.strandings.com /W ales.htm l), a repository of 
marine turtle records operated by M arine Environ­
m ental Monitoring. Records of leatherback turtles 
occurring in French Atlantic w aters (1979 to 2003, n = 
1176) w ere obtained from published literature (Duguy 
1986a, b, 1988a,b, 1989, 1990, 1992, 1993, 1994, 1995, 
1996, 2004, Duguy & Duron 1982, 1983, 1985, Duguy 
et al. 1980, 1997a,b, 1999, 2000, 2001, 2002, 2003). 
Records for France prior to 1971 (n = 15) w ere obtained 
from Brongersma (1972). Records from the TURTLE 
database for Ireland (1957 to 2003, n = 343 in total) 
w ere supplem ented by data  from G. L. King (pers. 
comm.). Records taken  from G. L. King (pers. comm.) 
for 1972 to 1999 (n = 260) w ere accom panied by geo­
graphic descriptions. These descriptions w ere identi­
fied on m arine navigation charts and assigned co­
ordinates (longitude, latitude) with a 30 km spatial 
resolution. Records of leatherback turtles (n = 22) 
occurring on the coasts of Belgium, The Netherlands, 
Denmark, Germany, Norway and Sw eden w ere col­
lected by M. S. Hoogmoed (n = 19) and taken  from 
Brongersma (1972) (n = 3).

Data w ere subject to rigorous scrutiny and filtering. 
Records including multiple individuals w ere entered 
into the database as a single record, as w ere those 
occurring on the same day in close geographic proxim ­
ity (< 30 km). Those records not describing the status of 
turtles (i.e. dead  or alive) w ere not used. Records p ro ­
viding only an approxim ate m onth or season of sight­
ing w ere excluded. Data including approximations of 
body size, and one record of unrealistic large body 
size, w ere w ithheld from statistical analysis involving 
morphometric data. Tail length is an insufficient indi­
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cator of sex for juvenile leatherback turtles less than 
100 cm straight carapace length (SCL); therefore, 
sexing information w ithin records of less than this size 
was removed.

Sea surface temperature. Sea surface tem perature 
was determ ined for records of leatherback turtles from 
the monthly I o spatial resolution Hadley lee and Sea 
Surface Tem perature dataset (Rayner et al. 2003). Sea 
surface tem perature for each record was taken  to be 
the unaltered  value of the pixel encom passing the 
geographic coordinates for the year and m onth of each 
record.

Gelatinous organism distribution fields. Gelatinous 
organism  distribution fields w ere p repared  from 
plankton data collected by the Continuous Plankton 
Recorder (CPR) survey operated  by the Sir Alister 
Hardy Foundation for O cean Science (SAHFOS); see 
Richardson et al. (2006) for a description of equip­
m ent and techniques. M onthly distribution fields w ere 
constructed from 50 yr of data  (1954 to 2003) and 
represent the near-surface distribution (<9 m depth) 
of coelenterates (CPR code #451), siphonophores 
(CPR code #452) and Thaliacea (Salpidae and Dolio­
lidae, CPR code #469); see Appendix 1 for monthly 
sam pling locations. The abundance of siphonophores 
and Thaliacea per sample w as counted, w hereas for 
coelenterate tissue only 'presence' was recorded due 
to these organism s being heavily dam aged during 
sampling. To integrate these groups (coelenterates, 
siphonophores and Thaliacea) and their differing 
count scales we formed a binary response (present or 
absent) for gelatinous Zooplankton for each CPR sam ­
ple. A CPR sample was considered 'present' for gelati­
nous organisms w hen any one or more of the ca te­
gories had a positive count or recorded as 'present'. 
CPR data was then  partitioned into months. Inverse 
d istance-squared interpolation (Beaugrand et al. 2003) 
was used to form spatial grids (50 km spatial resolu­
tion) of gelatinous organism  distribution from these 
monthly subsets. A moving search window (150 km 
radius) was used at each grid intersection to select 
appropriate CPR records for interpolation. This in ter­
polation procedure w eighted each identified CPR sam ­
ple based  on its distance from the search window ori­
gin; samples nearer the origin had  g reater influence on 
the interpolation result than those further from the ori­
gin (Fortin & Dale 2005). The interpolation procedure 
produced a final result that represen ted  the proportion 
of records positive for gelatinous organism s w ithin the 
search radius. W hen the search window failed to iden­
tify CPR records for interpolation the grid intersection 
was identified as data deficient. In contrast, w hen the 
interpolation procedure identified CPR samples and 
calculated an overall absence of gelatinous organisms 
the grid intersection was assigned as absent for gelati­

nous organisms. A 2-dimensional non-linear m edian 
filtering routine ( 3 x 3  pixel window) was applied to 
each m onth to smooth noisy pixels while m aintaining 
dom inant spatial patterns. Contouring procedures 
w ere then  used to display monthly data. CPR data are 
recorded during both day and night; as such, the 
gelatinous organism  distribution fields represent an 
in tegrated  signal of plankton that undergo diel vertical 
m igration (Hays 2003). To ascertain the possible effects 
and biases introduced from the use of 'presence' m ap­
ping we com pared the seasonal long-term  m ean distri­
bution and abundance patterns of siphonophores (CPR 
code #452) (1954-2003) using both abundance and 
'presence ' scales; see Appendix 2 for images. A visual 
comparison of this im agery dem onstrates the validity 
of relative abundance derived from 'presence' data to 
portray information on the differences in patterns of 
abundance am ong and w ithin seasons.

RESULTS 

Dataset summary

For the period 1954 to 2003, 1455 sightings, 411 
strandings and 147 captures w ere identified within the 
spatial area 43 to 70° N, 15° W to 21° E. Of these com ­
bined records (n = 2013), 1530 w ere of leatherback 
turtles recorded alive (76% of all records) and 483 
recorded dead (24% of all records). Sex was d e te r­
m ined from 224 records. N ear equal num bers of males 
(n = 112, 46%) and females (n = 122, 54%) w ere 
recorded.

Spatial distribution and temperature

The distribution of records of living leatherback tu r­
tles (sightings n = 1420, strandings n = 10, captures n = 
100) displayed a latitudinally broadening pattern  from 
late spring to early autum n (May to October; Fig. la). 
During the w inter and spring the num ber and spatial 
distribution of records contracts. Sea surface tem pera­
ture (SST) was determ ined for 1984 (99%) turtle 
records (Fig. lb). SST could not be reliably determ ined 
for 29 records due to the low resolution of their geo­
graphic coordinates. Minimum and maximum SST 
obtained w ere 4.7 and 22.0°C respectively. SST esti­
m ated for records of living (n = 1512) and dead  (n = 
472) turtles differed significantly (Fig. lb , Wilcoxon 
ranksum  test, ranksum  = 305 364, p < 0.001, alive 
m edian 18.6°C, dead  m edian 15.1°C). W hen consider­
ing only records of living leatherback turtles (Fig. lb , 
open bars), very few records have m ean monthly SSTs 
less than  12°C and only in exceptional cases do records
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have SSTs below 10°C. We propose that surface w ater 
tem peratures of approxim ately 10 to 12°C are indica­
tive of the lower therm al threshold to prolonged sea­
sonal occupation (weeks to months).

Body size

M easurem ent of curved carapace length (CCL) 
and/or SCL, the most commonly used metrics of body 
size in m arine turtles, w ere obtained from 268 records. 
CCL w as calculated for records containing only SCL 
(n = 30) using the relationship (y = 1.0352x + 1.9365, 
R2 = 0.94, F1 g = 126.7, p < 0.001) derived from 10 
records containing both m easures. Six of these records 
w ere collected during post-m ortem  in the UK. CCL 
ranged  betw een 76 and 208 cm (n = 268, m ean ± SD 
144 ± 18.2 cm). Minimum CCL increased with increas­
ing latitude (Fig. le, R2 = 0.4, F117 = 10.4, p = 0.005). 
Length for males (n = 87, m ean ± SD 150 ± 17 cm) 
and females (n = 94, m ean ± SD 145 ± 15 cm) w ere 
not statistically different (Wilcoxon rank sum test, rank 
sum = 8524, p > 0.05).

Gelatinous organism distribution inferred from CPR 
data for the NE Atlantic

Fig. 2 shows the spatial and tem poral distribution of 
live leatherback turtles occurring betw een May and 
O ctober (1954 to 2003) upon monthly long-term  m ean 
gelatinous organism  distribution (1954 to 2003) and 
monthly long-term  m ean position of sea surface 
tem perature isotherms (10°C and 12°C) for the same 
period; see A ppendix 3 (www.int-res.com /articles/ 
suppl/m337p231_app3.html) for a year-round monthly 
animation. Records of leatherback turtles predom i­
nantly occur on coasts facing the NE Atlantic. In late 
spring and early summer (June and July) there is a 
pulse of gelatinous organism s along the continental 
shelf b reak  and in the area of the Rockall Bank. In late 
summer and early autum n (August to September)

Fig. 1. D erm ochelys coriacea, (a) S patia l a n d  tem p o ra l d istrib ­
u tio n  of rep o rts  of live le a th e rb a ck  tu rtle s  (1954-2003) on th e  
E u ro p ea n  co n tinen ta l shelf. D ash ed  lines: 5 th  a n d  95th p e r ­
cen tiles of th is m on th ly  sp a tia l distribution; (O) reco rd s ou t­
sid e  th e  d e fin ed  ran g e . R ecords b e tw e e n  Ja n u a ry  an d  April 
a re  ou tside  of th e  core seaso n al d istribu tion  an d  re p re se n t 5 
reco rd s in  50 years; th e  in d iv idua l la titu d es  of th e se  reco rds 
a re  show n. N u m b er of reco rd s for each  m o n th  is show n  above 
x-axis. (b) Sea  su rface  tem p e ra tu re  for reco rd s of lea th e rb a ck  
tu rtle s  (alive n  = 1514, d e ad  n  = 474). (c) M in im um  cu rved  
c a rap ace  len g th , CCL (cm) o b se rv ed  at e ach  d e g ree  of la ti­
tu d e  (O) from  reco rd s w ith  ca rap ace  m easu rem en ts  (n = 268). 
Solid line  in d ica tes  re g re ss io n  (R2 = 0.4, F 117 = 10.4, p  < 0.001)

http://www.int-res.com/articles/
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Fig. 2. Leatherback turtles Dermochelys coriacea and gelatinous organisms in the NE Atlantic. Long-term monthly mean 
(1954-2003) gelatinous organism distribution with records of live leatherback turtles (O) for May to October (1954-2003). n: num­
ber 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

gelatinous organisms becom e dispersed across the 
European continental shelf.

Basin scale m aps of seasonal long-term  m ean gelati­
nous organism  distribution (Fig. 3) highlight a spatial 
association of satellite-tracked leatherback turtles 
(Fig. 3: box Ar Ferraroli et al. 2004; box B, Hays et al.
2004) with regions of appreciable gelatinous organism  
relative abundance. Boxes circumscribe the minimum 
and m axim um  spatial extents of m ovem ent within the 
extents of the displayed im ages. Ferraroli et al. (2004) 
and Hays et al. (2004) do not provide seasonal timings 
for their satellite-tracked leatherback turtles, so these 
occupation boxes have been  applied to both seasons, 
although occupation is most likely to have occurred 
during late sum m er and autum n. Gelatinous organism  
distribution fields highlight the European continental 
shelf-break and the Rockall Bank (Fig. 3: box C) as

regions that support appreciable aggregations of 
gelatinous organisms and are within the proposed 
therm al niche for leatherback turtles.

To ascertain  the relative im portance of the spatial 
regions circum scribed by boxes A and B we used a 
random ised block re-sam pling bootstrap procedure on 
each seasonal im age (available spatial range for boot­
strapping: 65° W to 4°E, 36° to 64° N). We chose this 
procedure as it retains the spatial correlation structure 
inheren t in m any environm ental datasets. Each re ­
sam pling block took the dimensions of box A or box B 
(5000 iterations box-1 season-1). Blocks w ere randomly 
positioned on the seasonal im age following random  
rotation (angle random ly selected from 0 to 360°). 
M ean gelatinous organism  relative abundance circum ­
scribed by the re-sam pling block was then  calculated. 
Results from bootstrap procedures are shown by the
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Fig. 3. G elatinous o rgan ism s in  th e  N orth  A tlantic. L ong-te rm  seaso n a l m ean  (1954-2003) g e la tinous o rgan ism  d istribu tion  for (a) 
sum m er a n d  (b) au tum n. W hite zones: CPR d a ta  defic ien t reg ions. Solid w h ite  lines: lo n g -te rm  seaso n al m ean  position  of th e  10 
an d  12°C sea  su rface  iso therm s (H adley  ISST, 1954-2003). B oxes A  a n d  B d escribe  le a th e rb a ck  tu rtle  occupation  zones reco rd ed  
from  sa te llite  track in g  by  F erraro li et al. (2004) (2 tu rtles), a n d  H ays et al. (2004) (5 tu rtles), respectively , an d  c ircum scribe  th e  
m in im um  an d  m axim um  sp a tia l ex ten ts  of m ovem en t w ith in  th e  d isp layed  im ages. Box C h ig h lig h ts  a reg io n  th a t m ay  su p p o rt 
ap p rec iab le  n u m b ers  of fo rag in g  ind iv idua ls du rin g  therm ally  accessib le  periods. Insets: freq u en cy  d istribu tions of m ean  g e la ti­
n ous o rgan ism  re la tive  ab u n d an ce  ca lcu la ted  from  ran d o m ised  b lock  re -sam p lin g  (bootstrapping) u sin g  d im ensions of box A 
(solid line) an d  box B (do tted  line) for (a) su m m er a n d  (b) au tum n. V ertical lines: m ea n  g e la tinous o rgan ism  re la tive  ab u n d an ce

ca lcu la ted  for box A  an d  B prio r to th e  b o o tstrap p in g  rou tine

inset frequency distributions (Fig. 3a,b). M ean gelati­
nous organism relative abundances experienced by 
box A and B during summer w ere at the 89th and 90th 
percentiles respectively of their bootstrap distribu­
tions. For autumn, boxes A and B w ere at the 94th and 
99th percentiles respectively of their comparative 
bootstrap distribution. Clearly, leatherback turtles are 
using habitats that are typically productive for gelati­
nous organisms.

DISCUSSION

Records of leatherback turtles on the European con­
tinental shelf are mostly confined to NE Atlantic-facing 
aspects of France, Ireland and the UK. The tem poral 
distribution of records dem onstrates a seasonal pa t­
tern, increasing during the summer and declining 
during late autum n and winter. A similar pattern  is 
observed in North Atlantic coastal habitats of the

0.0 0.1 0.2 0.3 0.4
Proportion positive

0.0 0.1 0.2 0.3 0.4
Proportion positive
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United States and C anada (Bleakney 1965, Jam es et al. 
2005b). Patterns of seasonal occupation inferred from 
public sightings records must however be in terpreted 
w ith caution as they lack correction for spatial and 
tem poral (seasonal) bias in survey effort. Notwith­
standing this caveat, the presence of leatherback 
turtles in neritic environm ents (<200 m depth) together 
w ith recent satellite tracking (Eckert 2006) dem on­
strates that the NE Atlantic is a seasonally occupied 
habitat.

The presence of leatherback turtles in the NE 
Atlantic, taken  in the context of m easurem ents of core 
body tem peratures (James & Mrosovsky 2004), further 
dem onstrates endotherm ie capacity in this species. 
Despite therm al inertia, tem perature thresholds most 
likely limit regions that can be occupied for prolonged 
periods (weeks to months). For adult leatherback 
turtles we speculate that conditions leading to near­
surface tem peratures of approxim ately 10 to 12°C act 
as a lower threshold to prolonged occupation (weeks to 
months) although it is clear that they can endure much 
cooler w aters for short periods (James et al. in press). 
H abitat dem arcating isotherms for leatherback turtles 
have also been  outlined by M cM ahon & Hays (in 
press); however, these authors arrive at 15°C as being 
the limiting isotherm  based  on in situ  m easurem ents of 
sea tem perature from telem etered turtles. This differ­
ence in habitat dem arcating isotherms most likely 
arises from a spatial and tem poral mismatch in the 
resolution of both sam pling techniques and data- 
products. Furtherm ore, differences in body size and 
nutritional status are also likely to limit the extent 
of therm ally accessible habitat. In agreem ent with 
M cM ahon & Hays (in press) we suggest that the waters 
of the UK most likely represent the northerly limit for 
the majority of seasonal leatherback foraging m igra­
tions under current therm al regimes. While isotherms 
of surface conditions appear to dem arcate seasonal 
habitats, tem peratures of 2.5°C experienced at depth 
w hen diving from warm  surface w aters (15.6 to 19.1°C) 
in m id-latitude habitats appear not to influence dive 
behaviour (James et al. in press).

M orphometrie data  taken  from records of leather- 
back sightings, strandings and capture suggests that 
size structuring of individuals occurs in the NE 
Atlantic. Smaller individuals appear to be excluded 
from higher latitude cooler w ater habitats, a pattern  
most likely driven by gigantotherm y. A similar pattern  
of distribution has been identified w ithin juvenile 
leatherback turtles in a lower latitudinal range (Eckert 
2002). Furtherm ore, leatherbacks occupying French 
Atlantic w aters are significantly smaller than those 
occurring at similar latitudes in northw est Atlantic 
habitats w here w ater tem peratures are considerably 
cooler (James et al. 2007, this volume). Latitudinal

clines in body size, as described by Bergm ann's rule, 
have been  docum ented in many terrestrial species 
(Ashton et al. 2000). A lthough sightings records do not 
allow for an exam ination of individual movement 
patterns across years, they do indicate that body size- 
related  therm al constraints play a role in structuring 
foraging assem blages. Longer term  monitoring (years) 
of male and female leatherbacks using satellite te le ­
metry, which is currently limited due to constraints of 
battery  life, sensor and device attachm ent failure, 
w ould allow for a detailed exam ination of the spatial 
distribution of leatherback turtles in years betw een 
breeding. In these years, individuals may find it pos­
sible to increase their northw ard extent as a result of 
increased body fat w ith concomitant increase in insula­
tion and reduction of surface area to volume ratio.

The presence of leatherback turtles in neritic hab i­
tats most likely highlights the effects of the predom i­
nant w ind driven surface currents on the European 
continental shelf that aggregate  gelatinous organisms. 
Surface currents can aggregate forage along coastal 
m argins (Graham et al. 2001) and w ithin em baym ents 
(Houghton et al. in press). The recorded behaviour of 
leatherback turtles in neritic (Eckert et al. 1989) and 
pelagic habitats (Hays et al. 2004, Jam es et al. 2005a) 
suggest diving plays an im portant function in en h an ­
cing prey capture especially w hen epipelagic availa­
bility of gelatinous forage is poor (Davenport 1988). 
Leatherbacks exhibit a diel periodicity in diving b e ­
haviour, inhabiting shallower habitats by night and 
deeper habitats by day, presum ably in response to v er­
tical tracking of their diel m igrating prey (Eckert et al. 
1989). Although leatherback turtle behaviour can be 
punctuated by deep dives this species rem ains a p re ­
dom inantly epipelagic (0 to 200 m depth) forager (Hays 
et al. 2004). Such behaviour supports the usefulness 
of CPR data that show gelatinous organism  distribution 
in upper-surface layers.

Gelatinous organism  landscapes dem onstrate the 
im portance of topographic features and regional 
hydrography for aggregating  prey or enhancing 
localised productivity (Graham et al. 2001). The conti­
nental shelf-break, including the Porcupine Bank and 
Porcupine Bight and the Rockall Bank and Trough, is 
spatially coincident w ith appreciable aggregation of 
gelatinous organism s and as such represents habitats 
that require boat-based or aerial investigation of 
leatherback distribution. The occurrence of previously 
undescribed gelatinous organism rich habitats within 
jurisdictional w aters of European Union m em ber states 
highlights the necessity to enum erate the presence of 
foraging leatherbacks. Smaller oceanographic features 
that aggregate gelatinous organisms, such as Lang- 
muir circulation cells (Graham et al. 2001), cannot be 
adequately resolved by the CPR survey but are likely
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to play a role in generating profitable, but short lived, 
prey patches. If predictions are confirmed and densi­
ties are sufficiently high it would be appropriate to 
monitor fisheries in these regions for bycatch and 
adopt appropriate m itigating techniques. M aps of 
gelatinous organism  distribution provide an im por­
tant synoptic view of potential prey availability and 
allow for an assessm ent of the interactions betw een 
the sometimes spatially conflicting therm al and prey 
niches. Prey fields indicate that the central North 
Atlantic supports several appreciable aggregations of 
gelatinous organisms. It is likely that these aggrega­
tions reflect the dynamic nature of the North Atlantic 
gyre. This region supports the separation of eddies that 
can enhance localised productivity (divergent eddies) 
or aggregate prey (convergent eddies). Leatherback 
habitat utilisation from satellite tracking (Ferraroli et 
al. 2004, Hays et al. 2004) suggests movem ents are 
most likely directed to regions that show seasonally 
persistent densities of prey over decadal timescales. 
Identifying these regions as likely foraging grounds 
provides im portant direction for conservation efforts, 
particularly as they exist within areas w here potential 
conflicting fishing effort is considerable (Lewison et 
al. 2004).

Evaluating the usefulness of presence data from 
the CPR Survey

M apping of abundance data for CPR taxa has 
becom e increasingly useful to visualise spatial and 
tem poral distribution patterns of plankton (see CPR 
Survey Team 2004). Sem i-quantitative data recorded 
by the CPR survey such as the phytoplankton colour 
index (PCI), an index of CPR sample greenness 
(Richardson et al. 2006), has similarly been  m apped 
(Vezzulli & Reid 2003) and shows the seasonal p rogres­
sion of phytoplankton in the North Sea. M apping of 
'presence ' data involving interpolation techniques to 
derive relative abundance has not been  previously 
attem pted. However, seasonal analyses of a phyto­
plankton taxon (Phaeocystis) recorded as presen t/ 
absent has been  achieved (Gieskes et al. in press) and 
Attrill et al. (in press) have recently described spatial 
patterns in coelenterate data for the North Sea from 
the CPR survey. The comparison of 'presence ' m ap­
ping for siphonophores (see Appendix 2) suggests 
our technique resolves patterns equivalent to those 
produced using abundance counts; some information, 
especially patchy ephem eral blooms, is undoubtedly 
lost w hen using a coarse presence/ absence scale. We 
feei, however, our synoptic approach does not over­
interpret the data. The dem onstrated m apping tech­
nique is an im portant step towards developing a

trophic-appropriate prey proxy for leatherback turtles 
and enables validation to other biological datasets on 
gelatinous prey productivity.

Two additional caveats must be considered w ith the 
use of CPR data in the presen ted  context. Firstly, the 
spatial coverage of near-shore regions by the CPR sur­
vey is comparatively w eak due to constraints of operat­
ing the CPR from m erchant ships of opportunity. Con­
sequently, gelatinous organism  distribution is most 
likely underestim ated in these habitats. The second 
caveat involves the efficiency to which the CPR sam ­
ples gelatinous Zooplankton, w hich has yet to be rigor­
ously quantified; however, m apping of gelatinous 
plankton presen ted  here offers a useful first step for 
validation studies. Sampling of gelatinous organisms 
by the CPR is most likely biased to small species, 
smaller individuals of larger conspecifics or body parts 
of gelatinous prey sought by leatherback turtles. This 
bias may explain the slight tem poral lag betw een 
maximum relative abundance of gelatinous orga­
nisms observed in June  and maximum num ber of 
leatherback records in August. However, w e are con­
fident that the landscapes of gelatinous organism  
distribution represent m eaningful information on the 
relative distribution of gelatinous organism s as the 
functional group upon w hich leatherbacks forage, and 
indicate im portant potential foraging habitats requ ir­
ing further investigation.

Future scenarios

For predictions of potential foraging habitats to be 
robust, it is necessary to understand how the physical 
environm ent controls productivity and how energy is 
transferred up trophic food w ebs on wide spatial and 
tem poral scales. For example, climatic patterns that 
operate at basin-scales on an interannual basis, such as 
the North Atlantic Oscillation, influence gelatinous 
organism  distribution and abundance in neritic envi­
ronm ents (Lynam et al. 2004, Attrill et al. in press). On 
decadal scales the dom inant climatic pattern  to ensue 
is both complex and unclear; however, reported  w arm ­
ing of the world's ocean (Levitus et al. 2000) and the 
predicted increase in global m ean surface tem perature 
of betw een 1.4°C and 5.8°C for the period 1990 to 2100, 
(IPCC 2001) is likely to have a considerable effect. In 
NE Atlantic ecosystems the response of plankton to 
increasing sea tem perature has differed regionally. 
W arming of cooler regions has led to increased p lank­
ton abundance, w hereas further w arm ing of prev i­
ously w arm er regions has led to a decrease (Richard­
son & Schoem an 2004). For gelatinous organism s in 
tem perate neritic habitats, w arm  tem peratures mostly 
induce large num bers of individuals and increase rates
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of reproduction (Purcell 2005); w hether such responses 
extend to pelagic environm ents is unknown. The in ­
fluence of changing Zooplankton prey for gelatinous 
organism  distribution is therefore likely to be signifi­
cant and complex to predict. For leatherback turtles, 
increasing sea surface tem perature may expand forag­
ing areas (McMahon & Hays in press) through north­
w ard range extension into new  foraging habitats of 
high tem perate latitudes that are currently inaccessi­
ble but prey rich under current climatic and oceano­
graphic conditions. Contrary to predictions of ocean 
warm ing, a w eakening global therm ohaline circula­
tion may result in a subsequent failure to transfer heat 
from the tropics to more northern latitudes (IPCC 
2001). D ecreasing sea tem peratures would lead to a 
re treat in leatherback foraging populations from their 
current northern limits. It is clear therefore that 
m aking even qualitative predictions of the likely im ­
pact of climate change on leatherback turtle distribu­
tion, based  on data in hand, is a far from trivial task.

Population dynamics of gelatinous Zooplankton also 
appear to be affected by fisheries practices. Extensive 
overfishing in the Benguela upwelling system has led 
to a stable state of gelatinous Zooplankton dom inance 
over fish (Lynam et al. 2006). Such states suppress fish 
stocks and lead to altered nutrient cycling regimes, 
yet they may offer im portant foraging grounds for 
leatherback turtles, particularly if they are spatially 
and temporally coincident w ith m igration routes of 
zooplanktivores. Such shifts to gelatinous organism 
dom inance in pelagic habitats have been  speculated 
upon (Sommer et al. 2002) but are yet to be described.

We have shown how using a synergistic approach of 
integrating habitat m apping of environm ental tem per­
ature and forage distribution w ith m egavertebrate dis­
tribution patterns from public sightings and satellite 
telem etry adds to a greater understanding of how the 
ocean environm ent may drive patterns of space use in 
m arine m egavertebrates. The presen ted  prey fields 
contribute to a greater understanding of the distribu­
tion of secondary productivity over broad spatial and 
tem poral scales, and provide an im portant environ­
m ental layer on w hich to in terpret the distribution of 
other facultative and obligate zooplanktivorous spe­
cies, particularly zooplanktivorous fish. Furthermore, 
the adopted approach aids the identification of po ten­
tial habitats for future scientific investigation and 
for directing conservation effort in both pelagic and 
neritic habitats.
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A ppendix 1. M onth ly  d istribu tion  of CPR sam p lin g  locations for th e  NE a n d  cen tra l N orth  A tlantic
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A ppendix 2. S easonal m ea n  lo n g -te rm  d istribu tion  of s ip h o nophores re co rd e d  by  th e  CPR Survey m a p p e d  u s in g  (a -d ) a b u n ­
d an ce  a n d  (e-i) p ro p o rtio n  of positive  records. N ote sim ilarity  in  re su lts  for th e  2 m ethods
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