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Bad News For Green Sea Turtles In An Age Of 
Warming Seas: warmer oceans drive declining growth rates

To say that sea turtles are resilient is an un-
derstatement. They have swum in our oceans 
for close to 150 million years and survived 
the extinction of dinosaurs as well as five 
major ice ages. However, since the 1950s, a 
sharp increase in human population growth, 
consumption and technological advance has 
profoundly harmed nature. Our oceans have 
been used as dumping grounds and have suf-
fered from overfishing and coastal develop-
ment, amongst many other pressures. As a 
result of this unprecedented anthropogenic 
impact, many changes in ecosystem function, 
species distribution, and species abundance 
have taken place (Bjorndal et al., 2017). The 
impact on sea turtles has been so severe that 
six of the known seven species of sea turtle are 
at risk of extinction, with three categorized as 
critically endangered by the IUCN Red List of 
Threatened Species. Coastal development has 
destroyed vital foraging and nesting grounds, 
pollution from land-based and marine sources 
has directly impacted 
the health of 
turtles, 
and 

incidental capture as well as targeted capture 
has drastically reduced the number of sea 
turtles in our oceans. 

Ocean warming is now emerging as a substantial 
threat to the survival of sea turtles. While sea 
turtles have survived many fluctuations in cli-
mate throughout their evolution, climate is now 
changing so rapidly that we cannot predict how 
they will adapt to these new conditions. This past 
September, Category 5 Hurricane Irma came at 
St. Maarten with so much strength that it devas-
tated the island. According to Tadzio Bervoets, 
manager of Nature Foundation St. Maarten, 
about half of the island’s sea turtle population 
might have survived this storm (König, 2017). 
With hurricanes gaining strength more rapidly 
than ever before in the Caribbean Region due to 
warming oceans, this is of great concern.

A number of studies have investigated 
the effect of climate change on sea 
turtles, such as the loss of nesting 
beaches from sea level rise (Fish et 
al, 2008), the negative impact of 
warmer ocean temperatures on coral 

reefs (Hoegh-Guldberg, et al., 2007; 
Carpenter et al, 2008) and the feminiza-
tion of turtle populations due to elevated 
nest temperatures (Laloë et al, 2017). 

Sea turtles are ectotherms, meaning that the 
regulation of their body temperature is depend-
ent on external sources. This makes them very 
sensitive to fluctuating environmental conditions. 
A recent study by Bjorndal et al. (2017) has looked 
into the long-term effects of a changing climate 
on the physiology of individual green sea turtles, 
specifically their growth rate. Green turtles are 
“long-lived, highly migratory, primarily herbivorous 
mega-consumers that may migrate over hundreds 
to thousands of kilometers” among neritic habitats 
and foraging grounds during their immature 
period (Bjorndal et al., 2017; Musick & Limpus, 
1997). Large, highly migratory ectotherms are 
particularly useful as bio-indicators of environ-
mental change at regional scales as their growth 
is strongly influenced by environmental condi-
tions (Bjorndal et al., 2017).

Bjorndal et al. (2017) gathered growth rate data 
of green turtles throughout the Western Atlantic. 
The data set collected is the longest (1973 to 
2015), most widespread (30 sites from Bermuda 
to Uruguay, including Bonaire with data collected 
by Sea Turtle Conservation Bonaire (STCB)) 
and largest (9690 growth increments from 3958 
individual turtles) dataset ever compiled for sea 
turtles in the Western Atlantic. Turtles were 
captured through a variety of methods in mixed 
stock foraging aggregations and tagged. Capture 

date, location, carapace length and primary diet 
at each site were recorded. The Multivariate 
El Niño Southern Oscillation Index (MEI) was 
selected to represent the intensity of an El Niño/
Southern Oscillation (ENSO) event, which is the 
most important coupled ocean-atmosphere phe-
nomenon to cause global climate variability over 
time (NOAA, 2017). MEI is currently considered 
the most representative index for monitoring 
ENSO as it combines the study of six meteorologi-
cal and oceanographic components: sea surface 
temperature (SST), surface air temperature, sea-
level pressure, two components of surface winds, 
and total cloudiness of the sky (Mazzarella et al., 
2013). Two strong thermal processes are believed 
to be the drivers behind the significant ecological 
regime shift (ERS) that took place in 1997/1998: 
the abrupt warming from the strongest El Niño 
Southern Oscillation (ENSO) event on record 
and the unprecedented warming rate over the 
last two to three decades (Martinson et al., 2008; 
Reid & Beaugrand, 2012; IPCC, 2014; Beaugrand 
et al., 2015; Wijffels et al., 2016). This resulted in 
sudden ecological changes such as the extreme 
global bleaching of reefs and changes in migra-
tion and reproduction timing of echinoderms, fish 
and seabirds, amongst others (Hoegh-Guldberg, 
2007; Martinson et al., 2008; Luczak et al., 2011; 
Beaugrand et al., 2013, 2015; Ortega et al., 2013).
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The study found a strong correlation between MEI 
and green turtle growth rates. Green turtle growth 
rates decreased when SST were above a threshold 
between 25.9 and 26.0 °C (Bjorndal et al., 2017). Below 
this threshold, growth rates increased with increasing 
SST. The decline in growth rates also coincides with 
the ecological regime shift (ERS) that took place in 
the Atlantic in 1997/1998: rates increased from 1974 to 
1999 but then declined by 26% to 2015 (Bjorndal et al., 
2017). Results were compared with earlier studies of 
somatic growth dynamics in two carnivorous sea turtle 
species, the West Atlantic hawksbill (Eretmochelys 
imbricata) (Bjorndal et al., 2016) and the North Atlantic 
loggerhead (Caretta caretta) (Bjorndal et al., 2013). 
Both studies used similar capture-mark-recapture 
data and modeling approach. The growth pattern of 
hawksbills and loggerheads follows the same pattern 
as green turtles, with high growth rates up to 1997 
followed by a significant decline. The parallel decline 
in growth of all three species “provides strong evidence 
that an ecological regime shift (ERS) in the Atlantic is 
driving growth dynamics” (Bjorndal et al., 2017) and 
that growth rates of all three species are strongly 
related to climate drivers.

Diet was also identified as a significant factor in the 
growth rate of green sea turtles. Green turtles with 
a seagrass diet (typically Thalassia testudinum) grew 
more rapidly (63% growth increments) that green 
turtles on mixed seagrass/algae, algae, and omnivo-
rous diets (22% growth increments) (Bjorndal et al., 
2017). This is of great concern in light of the global 
destruction of seagrass beds. When seagrasses are 
no longer available, green sea turtles will switch to a 
diet of algae and invertebrates which supports slower 
growth rates (Bjorndal et al., 2017). The majority of 
seagrass loss has been attributed to anthropogenic 
activities such as coastal development, boat dam-
age as well as agricultural and industrial run-off. The 
CARICOMP monitoring network gathered standard-
ized data from 52 seagrass sampling sites across the 
Wider Caribbean from 1993 to 2014, and 43% of sites 
had clear trends indicating environmental deteriora-
tion caused by increased terrestrial run-off of fertiliz-
ers, sewage and sediments (van Tussenbroek et al., 
2014; Linton & Fisher, 2004). The substantial increase 
in inhabitants of coastal areas in the Caribbean Region 
since the 1990s coincides with the decline in sea turtle 
growth rates and substantial loss of seagrass beds (van 
Tussenbroek et al., 2014, Waycott et al., 2009; Mcleod 
et al., 2011). Hawksbills and loggerheads have also 
seen their foraging grounds decline, with coral reefs as 
well as soft and hard bottom habitats suffering much 
degradation since the 1990s. 
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The findings of this study, which correlates warmer 
ocean temperatures with lower sea turtle produc-
tion, “is not good news in an age of warming seas” 
(Bjorndal et al., 2017). Whether sea turtles can 
adapt to climate change will depend a lot on their 
ability to adapt to changing conditions. Increasing 
their resilience by diminishing local threats is ab-
solutely critical. The study by Bjorndal et al. (2017) 
found that the decline in sea turtle growth is being 
exacerbated by the many additional anthropogen-
ic pressures on sea turtle habitats (Bjorndal et al., 
2017). Sea turtle conservation has long been a pri-
ority for the islands of the Dutch Caribbean. At its 
inception DCNA invested substantially in support-
ing turtle tracking work on the islands both to gain 
scientific knowledge about turtle range states as 
well as a basis for public outreach and education. 
Sea Turtle Conservation Bonaire (STCB), whose 
mission is to ensure that Bonaire’s sea turtles have 
a secure future, and to connect people to sea turtle 
conservation in ways that inspire caring for nature, 
has been a key partner in these efforts. STCB uses 
best practices in science and conservation to build 
knowledge and protection of Bonaire’s sea turtles. 
They share their knowledge to raise awareness, 
affect policy and build support for biodiversity 
protection. Also TurtugAruba, CARMABI (Sea 
turtle Conservation Curaçao) STENAPA, SCF and 
NFSXM are working hard in the Dutch Caribbean 

to protect sea turtles and their environment. They 
are all proud members of the Wider Caribbean 
Sea Turtle Conservation Network (WIDECAST). 
Region-wide collaboration is an absolute neces-
sity in helping these incredible ancient creatures 
remain in our oceans for many millions of years  
to come. 

A solid ecological understanding is needed upon 
which to base a management strategy for green 
and hawksbill turtles in the Dutch Caribbean. 
Therefore Dr. Marjolijn Christianen, Dr. Lisa 
Becking, Dr. Per Palsbøll and Msc. Jurjan van der 
Zee (PhD student) working closely together with 
local partners on our islands on the NWO funded 
project “Ecology and conservation of green and 
hawksbill turtles in the Dutch Caribbean” that 
started in 2015. During this project they aim to 
provide knowledge on the migration routes, 
population demographics and habitat use by sea 
turtles and habitat changes by an invasive seagrass 
species. In the beginning of 2018 Dr. Marjolijn 
Christianen will continue this valuable work with 
an additional grant from NWO to investigate how 
green sea turtles, as large grazers, and invasive 
seagrass interactively affect seagrass ecosystem 
services. A tool to use green turtle foraging pat-
terns for global monitoring of (invasive) seagrass 
biomass will be developed. 
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