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Abstract

Circumstances surrounding advances in stranding response and veterinary care have created a growing need for the long-term housing 
of captive sea turtles. However, the difficulty in recreating natural conditions in captive settings places a responsibility on caregivers to 
offset wild-type behavioural deficits with enrichment programming that is, preferably, commensurate with the limitations of each 
enclosure. Though standardised, multi-institutional behavioural monitoring programmes are currently lacking for marine turtles, facilities 
housing (or planning to house) sea turtles for the long-term are strongly advised to include ‘wellness’ as a fundamental part of their 
animal care protocol. Here, concepts of wellness and enrichment in sea turtles are reviewed, and a framework for developing long-
term behavioural monitoring programming is provided. 
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Introduction 
The growing recognition among both the public and the 
institutions they support that the physical and emotional 
well-being, or ‘welfare’, of long-term captive animals is an 
important professional and ethical obligation is prompting 
zoos and aquaria to address these issues among a broad 
range of taxa (Mellen & Ellis 1996; Barber 2009). Modern 
exhibit designs are increasingly focused on creating ‘natu-
ralistic’ surroundings for living collections, and science-
based enrichment programmes, many of which are now 
required for accreditation by the Association of Zoos and 
Aquariums (AZA), have become the norm at most large 
institutions (Maple & Lindberg 2008). Broadly defined, 
animal welfare describes the physical and psychological 
abilities an animal has to cope with the challenges of its 
environment (Broom 1988, 1996; Barber & Mellen 2008), 
and can involve both scientific and ethical questions 
(Appleby 1997; Sandøe & Simonsen 1992). Webster (2008) 
simply defined animal welfare as “living a natural life, 
being fit and healthy, and being happy.”  
In the realm of animal husbandry, ‘environmental enrich-
ment’ generally refers to any technique intended to improve 
the well-being of a captive animal, often through the manip-
ulation of its environment (Newberry 1995). These tech-
niques introduce various stimuli to encourage captive animals 
to broaden their behavioural spectrum, reinforce desirable 
behaviours, and/or reduce undesirable ones. Among marine 
vertebrates, considerable attention has been devoted to the 
study of cognition and social behaviour of captive marine 

mammals (Clark 2013), resulting in the development of a 
suite of environmental enrichment programmes to address 
their complex needs (Delfour & Beyer 2012). Similarly, 
enrichment programmes designed for sea turtles have been 
employed by various aquaria and rehabilitation centres, but 
few have been described in the literature. Among those, only 
one quantitatively measured the effects of enrichment on 
behaviour (Therrian et al 2007), but all of them reported 
‘improvements’ in the perceived well-being of the turtles 
through increased activity levels and reduction of repetitive 
behaviours (Ethier & Balsamo 2005; Therrien et al 2007; 
Guillen et al 2008). Even simple devices such as water jugs, 
PVC pipes and stationary ‘back-scratching’ devices elicited 
exploratory and interactive responses, some evidently 
species-specific (Guillen et al 2008). Though perhaps 
operating at a slower pace, chelonians are known to have 
cognitive capabilities such as long-term retention of visual 
discrimination tasks (Angermeier & Hidalgo 1996; Davis & 
Burghardt 2012), can learn through social facilitation and 
stimulus enhancement (Davis 2009), and have spatial and 
memory capabilities similar to those described in mammals 
and birds (Lopez et al 2000; Wilkinson et al 2007). Marine 
turtles are also equipped with complex optic visual systems 
that include colour vision (Levenson et al 2004; Eckert et al 
2006), perceive chemical cues via olfaction (Manton et al 
1972; Grassman & Owens 1982), and recent evidence also 
suggests that sea turtles perceive sound underwater, particu-
larly in low frequencies (O’Hara & Wilcox 1990; Martin et al 
2012). As such, permanently captive marine turtles appear to 
be well-deserving of targeted enrichment programming, but 
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standardised methodologies and monitoring protocols remain 
absent. More importantly, however, ‘wellness’ itself in 
captive marine turtles remains undefined, as do objective 
measures of the effectiveness of various enrichment options. 
As large, wide-ranging marine animals, providing ‘natural’ 
surroundings for sea turtles in captivity is difficult or impos-
sible, especially for small- to medium-sized facilities in 
landlocked locations. As such, captive turtles should not be 
expected to perform a full suite of natural behaviours or 
maintain the time budgets observed in their wild counter-
parts. Additionally, although enrichment plans should 
optimally be based on what is known of the animal’s natural 
history (Mellen & MacPhee 2001), little is known of sea 
turtle behaviour in the wild. They can be difficult to locate 
in the water, and even more difficult to observe for extended 
periods of time. Researchers have relied upon various 
remote sensing technologies to infer in-water sea turtle 
habitat use and behaviour (Hochscheid et al 2005; 
Houghton et al 2008; Wilson et al 2008; Blumenthal et al 
2009), and several studies have created ethograms of in situ 
sea turtle activity (van Dam & Diez 1998a; Houghton et al 
2003; Schofield et al 2006; Dunbar et al 2008; Blumenthal 
et al 2009; Proietti et al 2012; Wood et al 2017), but large 
gaps remain in our understanding of most natural history 
traits in these species. Nonetheless, enough of a behavioural 
inventory has been built to begin the discussion of what 
types of species-appropriate behaviours caretakers should 
expect to see in captive marine turtles, and how they might 
be elicited within widely varying institutional constraints. 
The exact number of captive sea turtles being held in the US 
is unknown, though it is currently estimated to be in the 
hundreds. Some were legally acquired prior to the imple-
mentation of the Endangered Species Act 1977 (ESA), but 
many are survivors of incapacitating injuries and subse-
quently deemed unable to survive in the wild. In response to 
a gradually increasing number of sea turtle strandings per 
year in the South-East US, recovery networks and rehabili-
tation centres have grown in number and sophistication. The 
remarkable physical resilience of chelonians combined with 
today’s advanced veterinary treatment options can make 
choices concerning euthanasia very difficult, leading some 
turtles back to clinical health, but disabled in some way that 
precludes their eventual release. These animals then require 
lifelong care, which may enhance educational and conserva-
tion programming, but nonetheless demands a considerable 
institutional commitment. Chelonians are the longest lived 
of the reptiles (Castanet 1994), and hard-shelled sea turtles 
can be expected to live well past 50 years (Zug et al 1986). 
Even the smallest sea turtle species are comparatively large 
(30+ kg), while the most common species to strand in the SE 
US (green [Chelonia mydas] and loggerhead 
[Caretta caretta]) both exceed 100 kg as adults. They can be 
aggressive to their aquarium co-habitants, and destructive to 
their surroundings (LD Wood, personal observation 1992). 
As larger facilities reach their capacity to take on additional 
live specimens, increased responsibility will be placed upon 
smaller organisations to find ways to house these animals for 
the long-term, where providing sizable enclosures is increas-

ingly limited. Some of these constraints, however, may be 
sufficiently offset with creative exhibit design and proactive, 
monitored enrichment programming specifically tailored to 
the needs of the individual sea turtle(s) under their care. 

Defining captive sea turtle wellness 
Studies of captive sea turtle behaviour are rare, and a 
continued lack of wild-type behavioural inventories and 
time-budgets for sea turtles limits the direct assignment of 
positive and negative labels to specific behaviours as 
welfare indicators. Under certain circumstances, behaviours 
likely considered undesirable in a captive setting (eg stereo-
typic behaviour or lethargy) may be reflective of an associ-
ated life-history trait with its own motivational foundation 
(eg migratory restlessness or hibernation) (Whitham & 
Wielebnowski 2013). Nonetheless, among the published 
reports concerning captive turtle husbandry, there is general 
agreement on the behaviours that are reflective of either 
positive or negative psychological well-being. Arena et al 
(2014) evaluated the welfare of farmed sea turtles, and 
considered panicked hyperactivity, persistent boundary 
exploration, apprehension, and aggression signs of negative 
behavioural and psychological arousal. On the other hand, 
Therrien et al (2007) and Guillen et al (2008) both consid-
ered a reduction in repetitive patterned swimming and 
increased activity as signs of positive behavioural changes, 
and Ethier and Balsamo (2005) suggested that increased 
activity levels reflect positive mental and physical stimula-
tion. Burghardt et al (1996) reported marked reductions in 
self-mutilation behaviour in a captive Nile softshell turtle 
(Trionix triunguis) after engaging the animal with objects 
such as balls, sticks and hoses. These conclusions are 
consistent with those presented for captive reptiles as a 
whole by Warwick et al (2013), and with the results of an 
informal survey of professional captive sea turtle caregivers 
(Wood unpublished data). Overall, these caregivers associ-
ated targeted, curious, and interactive behaviours with 
positive well-being, and perceived behavioural 
repetition/stereotyping, excessive lethargy, aggression, and 
appetite loss as indicators of a negative or stressed psycho-
logical state. Once defined, the relative frequency of 
‘positive’ to ‘negative’ behaviours can be used to indicate 
the relative state of well-being of a turtle through any given 
time-period and detect changes if and when they occur. The 
resulting ratio, or ‘wellness score’ (W) provides caregivers 
with an objective measure of the psychological state of the 
turtles under their care, and concrete benchmarks from 
which behavioural changes can be detected and shared 
across institutions. Currently, marine reptiles  do not auto-
matically receive the institutional commitment to wellness 
afforded farm animals, primates, or marine mammals, nor 
has direct oversight thereof been established by any regula-
tory agencies. Clegg et al (2015) based a similar wellness 
scoring system known as ‘C-well’ for captive bottlenose 
dolphins (Tursiops truncatus) on the Farm Animal Welfare 
Quality® Assessment (Welfare Quality® Consortium 
2009). Like the scoring system presented here, it enables 
caregivers to derive a numerical measure of wellness for 
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individual subjects but is intentionally tailored to highly 
social and intelligent taxa whose overall psychological 
needs far exceed those of sea turtles; re- C-well incorporates 
thirty-six separate measures representing eleven criteria. 
Later, Justice et al (2017) presented a computer-based adap-
tation of the animal welfare assessment grid (AWAG) 
(Honess & Wolfensohn 2010), which calculates a 
Cumulative Welfare Assessment Score (CWAS) based on a 
combination of physical, behavioural/psychological, envi-
ronmental, and procedural parameters. Though reputedly 
applicable to any species, AWAG was specifically designed 
for non-human primates, and has not yet been proven in 
non-mammalian species (Ryan et al 2021). Here, the 
framework for a simple, easy-to-use, in-house systematic 
scoring system is provided that can be readily adapted to a 
level commensurate with the limitations and/or desires of 
individual sea turtle caregivers, including those who may 
not have received formal animal husbandry training. 

Measuring sea turtle wellness 
In human psychology, the concept of ‘positivity’ suggests that 
people with higher ratios of positive to negative emotions tend 
to have more satisfying and productive lives (Frederickson & 
Losada 2005). Though the mathematical underpinnings of 
their specific conclusions have been questioned (Brown et al 
2013), most of us would intuitively agree that a high posi-
tivity/negativity ratio is reflective of a more pleasant life expe-
rience than a low one, leading to an increased state of 
well-being that may not be unique to humans. Without the 
benefit of verbal communication, assessments of animal 
‘emotion’ becomes solely restricted to behavioural interpreta-
tion. Therefore, we can look to the suite of behaviours 
commonly exhibited by sea turtles in captivity as at least 
partial expressions of their overall well-being and seek to 
maintain high ratios of ‘positivity’ among captive specimens. 
Given subtle differences across taxa and individual sea 
turtles, there is a general consensus that two easily recognis-

able behaviours surface as signs of negative or stressful 
states: (i) repetitive/stereotyped behaviour; and (ii) 
panicked apprehension. Likewise, two other behaviours: (i) 
exploratory; and (ii) focused are considered reflective of 
positive mental states. Inactivity and aggression are also 
common behaviours that could be considered, based on 
their relative frequencies. These behaviours are defined and 
summarised in Table 1. 
Though reliable time budgets for wild sea turtles remain difficult 
to describe (Fuller et al 2009), most hard-shelled sea turtles are 
believed to be largely inactive at night (Ogden et al 1983; van 
Dam & Diez 1997; LD Wood personal observation 2004), and 
periods of day-time resting are common (Schofield et al 2006). 
In the wild, energy management and balance ultimately 
determine time budgets (Hochscheid et al 2005), and though 
day-time resting conserves energy and may also function as an 
anti-predator behaviour, sufficient time must also be allotted to 
foraging. Without this pressure, captive turtles are likely to 
develop different time budgets than their wild counterparts that 
may include a shift toward increased lethargy. Among the few 
studies that have attempted to create in situ behavioural invento-
ries, wild loggerheads were observed resting between 20 and 
60% of the time during the day (Schofield et al 2006), and 
hawksbill (Eretmochelys imbricata) observations reported 
resting in between 20.3 (n = 50) and 33% (n = 317) of the indi-
viduals observed (Blumenthal et al 2009; Proetti et al 2012). In 
a captive setting, Therrien et al (2007) recorded a decrease in 
resting frequency from 38% without enrichment to 5% in the 
presence of enrichment stimuli. Clearly, quiescence reflects 
general contentment, and is a normal part of a sea turtle’s daily 
behavioural regimen, but excessive lethargy (in excess of 75% of 
the daily activity budget) may also represent behavioural inhibi-
tion, which can be a sign of chronic stress (Warwick et al 2013).  
In the wild, sea turtles are believed to be largely solitary 
animals (Hays et al 2002; Murphy-Hopkins et al 2003; 
Blumenthal et al 2009); but are also known to form periodic 
mating and foraging site aggregations that often contain 
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Table 1   Conceptual framework for inferring sea turtle behavioural states. The ratio of the frequency and/or duration 
of behaviours representative of ‘positive’ to ‘negative’ behavioural states is used to assign a wellness score (W). This 
framework can be customised to create ethograms tailored to each subject’s life-history and potential physical and/or 
cognitive limitations.

Behaviour Definition Behavioural state

Inactivity Turtle is immobile; either alert (resting) or comatose  
(sleeping)

Positive (nocturnal and intermittent diurnal)/negative  
(excessive; aroused by breathing and external stimuli only)

Exploratory Attentive, non-repetitive movement; interacting with  
surroundings but not continuously focused on a single 
object

Positive

Repetitive Continuous, patterned repetition of a random,  
non-targeted behaviour

Negative

Focused Attentive interaction with an object for at least 5–10 s Positive

Aggressive Biting, attacking not related to feeding Positive (infrequent, non-injurious display)/negative  
(persistent injurious aggression)

Apprehensive Active or panicked avoidance Negative
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overlapping individual home ranges. When not engaged in 
reproductively motivated competitive combat, aggression 
among sea turtles is largely the result of mild territoriality 
among conspecifics at both foraging and resting sites. These 
disputes are typically resolved with eye contact and open-
mouthed, head-to-tail circling, most often resulting in the 
departure of the more submissive individual without 
physical contact (Schofield et al 2006; LD Wood, personal 
observation 2012). In captivity, however, options for 
peaceful resolutions decrease with space limitations and 
overcrowding. Aggressive behaviour between green turtles 
was classified as ‘frequent’ and ‘common’ in Arena et al’s 
(2014) assessment of the exceptionally crowded conditions 
they observed at Cayman turtle farm, while more reason-
ably scaled housing for multiple turtles has proven quite 
successful in a number of other captive settings (LD Wood, 
personal observation 2000). 
In the framework presented here, the caretaker actively 
influences the subject’s behavioural repertoire through 
simple environmental manipulation, with the expressed 
goal of maintaining or increasing the ratio of positive to 
negative behaviours (W) (Table 1). The most basic 
features of a sea turtle enclosure consist of its capacity 
(C), including total volume (v), and maximum depth (d), 
the presence of non-moving objects (static stimuli; Ss) 
(Table 2), and the presence of mobile/animated objects 
(active stimuli; Sa) (Table 3). Combined, they comprise 
the daily experience of the turtle of a given size without 
the direct intervention of a caregiver. In addition to the 
stimuli associated with the features of the enclosure, 
human-directed activities (feeding/tank cleaning/inter-
acting, etc) provide additional periodic stimuli (Sd) 
(Table 4). Conceptually: 
W µ C(v/SCL + d/SCL) + Ss + Sa + Sd 
where the wellness score (W) is proportional to the sum 
of the enclosure’s capacity (volume [v] and maximum 
depth [d]) per size turtle (SCL) and a combined 
numerical assessment of the environmental stimuli 
(Ss + Sa) and directed stimuli (Sd) the turtle experiences 
over time. This framework permits a caregiver to 
evaluate each of these variables independently, and 
through experimental manipulation, determine how 
each may be influencing a turtle’s overall wellness 
score (W). For example, the larger and deeper the 
enclosure, the presumably ‘better’ for a sea turtle, but 
without additional stimuli of some kind, repetitive and 
stereotyped behaviours are likely to persist. 
Alternatively, comparatively small enclosures may 
restrict freedom of movement to varying degrees, but 
supplemental environmental and/or directed stimuli 
may offset the negative psychological effects of varying 
levels of confinement. To best care for these animals in 
the long term, institutions have an obligation to objec-
tively measure and maintain wellness in their captive 
turtles, and adaptively balance the above parameters in 
a way that achieves and maintains high wellness scores. 

© 2022 Universities Federation for Animal Welfare

Table 2   Conceptual framework for numerically appraising 
the inanimate/immobile features, ie ‘static stimuli (Ss)’ of a 
sea turtle enclosure.

Feature Definition Point value

Partial cover Vertical surface under which a  
turtle can place its head  
and/or up to 50% of its carapace

1 each

Full cover Vertical surface under which a  
turtle can place its head  
and/or up to 100% of its carapace

1 each

Patterns Stationary black and white  
or single colour patterns

1

Colour Stationary multi-coloured  
objects or patterns

1

Complex shapes Multi-dimensional objects;  
swim-throughs

1 each

Resting surfaces Off-bottom platform;  
multiple resting depths

1

Table 3   Conceptual framework for numerically appraising 
animated/mobile stimuli, ie ‘active stimuli (Sa)’ in and 
around a sea turtle enclosure. 
Feature Definition Point value

Natural light  
cycle

Outdoor/semi-outdoor/ 
cycled artificial lighting

1

Live animals  
(single taxa)

1 or more of the same species 
of mobile/animated organisms 
(fish, invertebrates)

1

Live animals  
(multiple taxa)

2 or more species of mobile/ 
animated organisms (fish,  
invertebrates)

1

Other turtles 1 or more additional sea turtles 1

Moveable objects Non-stationary, non-living 
objects that can be moved  
or manipulated by a turtle

1 each

Extra-enclosure  
stimuli

Visual/audial stimuli originating 
from outside the enclosure: 
weather; human activity; 
floral/faunal activity

1 each

Table 4   Conceptual framework for scoring directed 
enrichment provided to the turtle, ie ‘directed stimuli 
(Sd)’ by enrichment category. Directed stimuli can be 
very effective in offsetting potential deficiencies in other 
forms of environmental stimuli and can have profound 
effects on behavioural modification.

Enrichment Definition Score (per event)

Problem solving Task accomplished  
through specific  
behaviours, eg food ‘puzzles’

1

Persistence Task accomplished  
through persistence,  
eg frozen food blocks

1

Association Task accomplished through 
training, eg target training

1

Tactile Physical contact, eg  
scrubbing/rubbing/ 
cleaning/sparring

1
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Enclosure capacity (C) 
Given the natural history of sea turtles, all man-made enclo-
sures will restrict their behavioural inventory to some 
degree. The considerable expense of constructing and main-
taining saltwater aquaria has limited the number of facilities 
that can even remotely provide ‘naturalistic’ conditions 
(100,000+ gallons [378,540+ L]) for adult turtles, placing a 
larger responsibility on smaller facilities to accommodate a 
growing number of non-releasable specimens. Though no 
peer-reviewed studies have directly related enclosure size to 
the behaviour of captive sea turtles, it stands to reason that 
increased levels of confinement will lead to increased levels 
of stress. This does not necessarily mean, however, that 
moderately sized enclosures cannot be designed to provide 
sufficient balance of space and stimuli to maintain physically 
and psychologically healthy sea turtles on a long-term basis. 
The Florida Fish and Wildlife Conservation Conservation 
(FWC) and the Wider Caribbean Sea Turtle Conservation 
Network (WIDECAST) have jointly published USFWS-
based guidelines for holding-tank capacities based on turtle 
size class as measured by straight carapace (shell) length 
(SCL) and width (SCW) (Bluvias & Eckert 2010; United 
States Department of the Interior Fish and Wildlife Service 
[USFWS] 2013). In summary, small turtles (< 10 cm) must 
be given an enclosure with a surface area of at least five 
times their length, medium turtles (divided into two classes: 
< 50 cm and < 65 cm) at least seven times their length, and 
large turtles (> 65 cm) at least nine times their length, by at 
least twice each’s width at all stages. For reference, on 
average, most hard-shelled sea turtle species are approxi-
mately 20% longer than they are wide throughout their lives 
(Caldwell 1962; van Dam & Diez 1998b). Minimum depth 
requirements increase incrementally for each size class 
from one foot (30.5 cm) to 2.5 feet (76.2 cm) to three feet 
(91.4 cm) to four feet (121.9 cm), respectively. For 
reference, using these guidelines, the minimum volume for 
a 65-cm turtle would be approximately 1,140 gallons 
(4,325 L), and a 90-cm turtle approximately 3,760 gallons 
(14,230 L). The guidelines also require an incremental 
increase in surface area by 25, 50, and 100% per size class, 
respectively, for each additional turtle added per enclosure. 
Though these recommendations provide minimum space 
guidelines for all captive sea turtles, regardless of their 
expected time in captivity, they were developed primarily 
for relatively short-term housing scenarios, eg while under 
veterinary/recuperative care, and therefore should be 
considered grossly inadequate for the optimal long-term 
care of unreleasable specimens. 
Given these guidelines, it is possible to objectively evaluate 
an enclosure based on the ratio of its capacity to the size of 
the turtle(s) within. Under most circumstances, sea turtle 
enclosures (often round or irregularly shaped liquid holding 
tanks), are designed and measured by volume and depth, 
rather than surface area. This being the case, a simple calcu-
lation provides an enclosure-volume-to-turtle-size ratio 
(L/SCL [cm]), and depth ratio (max depth/SCL [cm]) for each 
specimen. The minimum recommended ‘capacity scores’ for 

both volume and depth can be determined per size class for 
solitary turtles. When necessary, minimum capacity scores 
for multiple turtles can be calculated by using the sum of the 
straight carapace lengths of each tank co-habitant.  

Static (Ss) and active (Sa) stimuli 
Enclosure size is only one component of the turtle’s experi-
ence that may influence the continued development and 
maintenance of positive behavioural states. In the wild, sea 
turtles are immersed in a wide variety of structurally, textu-
rally, and biologically complex and colourful environments 
which cannot be reproduced to their full extent in captive 
settings. There are, however, particular features of these 
environments that are known to elicit predictable responses 
in sea turtles. Among the most important of these is quies-
cence associated with protective refuge (Proetti et al 2012). 
In the wild, underwater structures create low-light, multi-
dimensional micro-habitats that provide protection from 
currents and predators, and potentially extend submergence 
times by counteracting mild positive buoyancy at depth, aka 
‘assisted resting’ (Houghton et al 2003). 
Additionally, overhead structures provide surfaces for 
tactile stimulation, particularly the ‘rubbing’ of the 
carapace, which likely serves as a form of grooming 
behaviour (Frick & McFall 2007). Wild and captive turtles, 
particularly green turtles, are known to vigorously rub their 
carapaces on textured overhead surfaces with rapid body 
rotations (Frick & McFall 2007; Guillen et al 2008; LD 
Wood, personal observation 1990).  
In order to evaluate an enclosure’s capacity to provide 
static and active stimuli to the turtle(s) residing within, a 
customised, in-house scoring system can be employed 
that assigns the enclosure two simple numerical ‘scores’ 
for use in the wellness equation. Given the known 
behavioural repertoire of sea turtles, a featureless tank of 
water, no matter the volume, provides intuitively less 
stimuli than one containing structures, objects, and/or 
opportunities to interact with other organisms. Within the 
framework of this system, points can be assigned for each 
form of active and static stimuli the turtles are exposed 
to, and when summed, allows caregivers to objectively 
appraise the quality of the enclosure in question (Tables 2 
and 3). Since all facilities are different, potential defi-
ciencies in one form of stimuli can be compensated for by 
others. Conceptually, as static and active stimuli are 
added and/or removed, some commensurate behavioural 
response from the turtle(s) should be expected, at least in 
the short-term. For example, an empty tank of water 
would accrue very low Ss and Sa scores. As stimuli are 
introduced (ie numerically increasing Ss and/or Sa) and 
new behaviours are recorded, each turtle’s wellness score 
will begin to fluctuate. Given the stated goal of 
improving each subject’s wellness score, caregivers can 
evaluate the effectiveness of adding and/or removing 
each form of stimuli alone or in combination, and contin-
uously ‘tweak’ the system to boost and maintain high 
wellness scores over time. 
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Directed stimuli (Sd) 
Directed stimuli consist of human-controlled activities or 
stimuli that are not encountered in the animal’s regular daily 
environment. This factor in the wellness equation allows for 
the most creativity and flexibility on the part of the caregiver; 
and is crucial to offsetting the various limitations of the 
enclosures and their features themselves. Routine animal 
care, such as feeding, cleaning, and periodic medical exami-
nation, are all forms of directed stimuli. Additionally, there 
may be other activities in the enclosure that are not directed 
at the turtles themselves but provide additional periodic stim-
ulation of some kind (eg feeding/caring for other enclosure 
inhabitants; enclosure maintenance; diving encounters, etc).  
There are four basic categories of directed enrichment for 
sea turtles in use today: activities that involve association 
(aka ‘training’), problem-solving, persistence, and tactile 
stimulation (Table 4). The most controlled form of directed 
stimulation involves targeted behavioural enrichment, where 
specific behaviours are elicited by introducing specific, pre-
designed stimuli. Given the motivation to do so, sea turtles 
will actively engage with their surroundings and caregivers 
and can be trained to perform a number of desired 
behaviours (Ethier & Balsamo 2005). In some cases, care-
givers have found training crucial for increasing the ease 
with which very large individuals can be controlled and 
manipulated, and reducing the stress associated with compe-
tition for food and routine maintenance/health assessments.  
Studies have probed the neuroscience that underlies the 
ability of reptiles to learn (eg Holtzman et al 1999; Almli & 
Burghardt 2006; Emer et al 2015), and they are known to 
respond to operant conditioning (Hellmuth et al 2012). It is 
also understood that environmental enrichment has wide-
ranging effects on the brain at multiple levels, and that neural 
plasticity increases with learning (Kotloski & Sutula 2015). 
Therefore, activities that encourage the turtle to make appro-
priate choices while seeking a reward are not outside the 
turtles’ capabilities, and may in fact have positive long-term 
health benefits. ‘Puzzles’ that require some specific action or 
series of actions on the turtles’ part to receive a reward can 
include food containers that require some sort of manipula-
tion to open, or the positioning of a desired object in such a 
way that requires a particular series of manoeuvres to obtain. 
For carnivorous species, the introduction of live food items 
that require some specific handling prior to consumption (eg 
crustaceans, molluscs) may also be considered, but adminis-
tered appropriately given concerns about parasite introduc-
tion and/or injury to the turtle. 
Alternatively, enrichment techniques that encourage persis-
tence are also highly effective, and widely used among sea 
turtle caregivers (LD Wood, personal observation 2015). 
These techniques do not require the turtle to perform any 
specific task(s) prior to receiving the reward, rather they 
increase the challenges associated with obtaining the reward 
itself. For example, food items frozen into blocks of ice or 
placed in hard-to-reach places require extended food-handling 
time that is rewarded only after some period of focused effort. 
As briefly mentioned before, wild-type behaviours suggest 
that some sea turtles seek tactile stimulation through 

vigorous rubbing of their shells (both carapace and 
plastron), which is likely associated with epibiont removal 
(Frick & McFall 2007; LD Wood, personal observation 
2005). Aside from self-grooming, hard-shelled sea turtles 
are also known to repeatedly visit ‘cleaning stations’ at or 
near coral reefs where multiple species of fish (eg wrasses, 
tangs, angelfish, etc) leave the reef to pick epibiota from 
their skin and shell (see Sazima et al 2010). The desire 
among some individuals to make physical contact with 
objects is commonly reported among caregivers, both in the 
form of shell-scrubbing and biting/sparring with cleaning 
tools (Therrien et al 2007; Guillen et al 2008; LD Wood, 
personal observation 1995). 
As with the active (Sa) and static (Ss) sources of stimuli, the 
various forms of directed stimuli (Sd) provided to the turtle can 
be scored within the framework of the wellness equation. 
Clearly, however, what might work for one turtle may not for 
another, and varying preferences for and responses to directed 
stimuli have been documented among individuals and species 
in captive settings (Burghart et al 1996; Ethier & Balsamo 
2005; Guillen et al 2008). Knowing the individual physical 
limitations or preferences of the turtles themselves, caregivers 
can tailor enrichment programming for each subject under 
their care to achieve the desired outcomes. 

Monitoring sea turtle wellness 
The efficacy of enrichment methodologies can only be 
assessed by their individual or collective influence on the 
subject’s behaviour over time. Without good data in hand, 
however, an objective baseline measure of wellness cannot be 
established, nor can behavioural changes be evaluated. 
Behavioural monitoring programmes (BMPs) can generate 
these data and provide caregivers with an objective and 
consistent inventory of what an animal has been doing, thus 
providing the basic information required to measure wellness 
in the long-term. These programmes only work, however, 
when all participants agree on the definitions of the specific 
behaviours being observed and commit to a pre-determined 
data collection protocol (Watters et al 2009). In the case of sea 
turtles, behavioural inventories do not need to be extensive, 
nor does behavioural monitoring necessarily require consider-
able time or effort. Still, however, having some way to 
measure and evaluate behaviour is at the core of any casual or 
hypothesis-driven inquiry into captive turtle wellness.  
The first step in developing a BMP is to create an ethogram, 
or list of behaviours that the subject is known to perform. 
The ethogram need not include an extensive suite of 
behavioural subtleties but should at least include those 
behaviours that comprise most of the subject’s time budget, 
and/or those that are clearly reflective of either positive or 
negative mental states (Watters et al 2009). No matter what 
they are, it is imperative that the behaviours included in the 
ethogram are clearly defined at the outset, and all observer 
participants interpret them consistently. The six behaviours 
listed in Table 1 can be used as the basis for a comprehen-
sive captive sea turtle ethogram. 
The next step is determining the basic regime under which 
the data are collected. 
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Observations can be ‘continuous’, where behavioural transi-
tions are recorded through a pre-determined period of time 
(eg recording the duration of everything the turtle did for 
15 consecutive minutes), or ‘instantaneous’, where data are 
recorded at specific points or intervals of time (eg the 
specific action the turtle was performing at each of three 5-
min intervals within a 15-min span). Both regimes allow for 
considerable flexibility, especially when faced with the 
realities of caregiver time management. In fact, neither 
necessarily require particularly large blocks of time. Several 
continuous observations for as little as 10 min at a time, or 
as few as 8–10 randomly spaced instantaneous observations 
per day can begin to create reasonable time-budget estimates 
(Margulis & Westhus 2007; Watters et al 2009). Even an 
ethogram that defines behaviour in no more detail than as 
simply ‘active’ or ‘inactive’ lays the foundation for moni-
toring basic activity levels as the data accumulate over time. 
It is also important that each behavioural observation, 
however simple it may be, is placed in some sort of relevant 
context. In the example of a point observation that only 
includes ‘active’ or ‘inactive’ states, at least one measurable, 
non-fixed covariate must be chosen to which those 
behavioural states are associated, for example, the time of 
day. In more detailed ethograms, covariates can be ranked 
by their likely relationship to the behaviours most 
frequently observed or chosen for their experimental value. 
For example, if aggression was observed between turtles, 
was there a likely cause such as competition for food or 
space? If focused behaviour was observed, what was the 
object of the focus? Within the framework of the wellness 
ratio (W) introduced here, the various forms of stimuli 
defined in Tables 2–4 create a comprehensive list of covari-
ates that can be experimentally manipulated to determine 
their influence on the frequency of certain behaviours. For 
example, simply adding a colour pattern to the sides of a 
featureless enclosure may reduce stereotyped behaviour or 
introducing live companions (of any kind) may increase 
activity levels. Either way, it will be up to the caregivers 
themselves to adopt a BMP commensurate with the 
wellness goals of their respective institutions. 
Aside from observer training, data management and inter-
pretation can be the most time-consuming aspects of any 
behavioural monitoring programme (Watters et al 2009). 
Mental notes and paper-and-pencil observations are very 
useful but gain considerable value when they coalesce into 
a dataset that can be organised, interpreted, and shared. At 
its core, the wellness score (W) is simply an unbiased ratio 
of the frequencies of two basic, agreed-upon classes of 
behaviours, ie the ‘good’ ones versus the ‘bad’ ones. 
However, based on the BMP standards set by caregivers, 
both of these broad behavioural classes can be subdivided 
and examined with increasing complexity. Once the 
standard of measurement for (W) is set, the effects of indi-
vidually or collectively manipulating the variables on the 
right side of the equation (C, Ss, Sa, and Sd) can begin to be 
determined. Though plenty of statistical tests are available 
for analysing observational data (Kuhar 2006; Therrien et al 
2007; Watters et al 2009), simply charting the wellness ratio 

(W) against the enrichment score calculated for each turtle’s 
environment provides enough feedback to establish a 
baseline from which changes can be detected through time, 
and a format that can be shared among institutions. For 
more advanced analyses, a number of professional-grade 
tools are available for recording and analysing behaviour, 
such as JWatcher™, The Observer™, BORIS©, and others.  

Animal welfare implications 
Marine megafauna, by their very nature, present unique 
challenges regarding animal welfare. Even the most basic 
husbandry requirements for these animals (eg diet, 
enclosure, water quality, etc) are both expensive and techni-
cally challenging, and these species tend to be highly social, 
have complex lifecycles, and/or are often fairly long-lived. 
Comparatively, hard-shelled sea turtles are fairly easy to 
maintain in the short-term; they are notoriously hardy, adapt 
well to captive settings, and accept a broad range of food 
items. These traits allow for a flourishing consortium of sea 
turtle rehabilitation centres that achieve high rates of 
success in re-releasing the patients in their care. However, 
without considerable planning, even well-intended attempts 
at keeping sea turtles permanently often comes at the cost of 
the well-being of the animals themselves. 
In the vast majority of cases, sea turtles enter captivity 
under some sort of duress, and due to their conservation 
status, are often ultimately the responsibility of wildlife 
authorities. Nonetheless, decisions concerning the animals’ 
prognoses are best made by veterinary professionals, who 
then either initiate a treatment plan or, by necessity, 
prescribe euthanasia as a last resort. In all cases, the 
preferred outcome is the release of the animal back to the 
wild. Over the years, experts have made remarkable 
progress in developing and implementing sea turtle rehabil-
itation techniques (see Manire et al 2017), but relatively 
little attention has been paid to the potential effects of sub-
optimal housing conditions on the health and well-being of 
those under permanent care. Given the lack of standardised 
protocols to measure wellness in sea turtles, the system 
presented here provides the conceptual framework for a 
simple, easy-to-use tool that can easily be adapted for use in 
a broad range of settings and has the potential to substan-
tially improve the welfare of captive sea turtles. 

Conclusion 
The slow but steady recovery of sea turtle populations in the 
Atlantic basin is very likely the outcome of several decades 
of targeted conservation strategies, and cautious optimism is 
well-deserved for their short- and medium-term futures. 
Though some populations still struggle, the SE coast of the 
US, in particular, has experienced remarkable increases in 
nesting activity since 2000 (Fl Marine Research Institute 
unpublished data; Valdivia et al 2019). Circumstances 
surrounding these events have led to a higher relative 
abundance of turtles in coastal areas, where human interac-
tion (often the root cause of the injury or illness) is most 
likely. Inevitably, the number of turtles requiring human 
intervention will continue to rise as further success is 
realised throughout the region. 
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In the US, stranding response protocols are in place for most 
coastal areas where sea turtles are known to occur. 
Networks of volunteers and rehabilitation facilities work 
closely with government agencies to respond to turtles in 
need. Sea turtle rehabilitation centres have kept pace with 
advances in veterinary care, leading to in-depth treatment 
plans that can rival human patient care. Then, once the 
turtles are restored to health, the process often culminates in 
well-choreographed celebrations surrounding their return to 
the wild. The situation becomes considerably more 
complex, however, when the presenting injuries include 
those that may affect basic survival skills. 
Currently, there is no standard, multi-institutional list of 
conditions that automatically preclude a sea turtle’s eventual 
release to the wild. The final determination whether to either 
begin treatment on the patient, or subsequently, whether to 
release a physically handicapped animal is made by the 
facility’s staff, usually advised by an attending veterinarian. 
Concerns for quality of life guide the difficult decisions that 
veterinarians must make concerning euthanasia, which can 
be made even more difficult with the uncertainties associated 
with treating wild animals. There is general agreement 
among the sea turtle rehabilitation community, however, that 
total blindness, multiple amputations, and severe buoyancy 
abnormalities associated with paralysis are not conducive to 
long-term survival in the wild (LD Wood, personal observa-
tion 1995). While some of these prognoses may be apparent 
upon initial presentation, many others are not so easily made, 
and require some period of time before making decisions 
concerning eventual releasability. Nonetheless, if any of 
these or other survival-negating outcomes appear inevitable 
at some point, those that do recover would eventually require 
intensely supportive life-long care which, in most cases, 
cannot be provided by the rehabilitation facilities them-
selves. With suitable ‘permanent homes’ becoming increas-
ingly difficult to find, rehabilitation facilities will bear 
increasing responsibility for making informed decisions not 
only about the short-term medical treatment of these 
animals, but also the long-term needs of those that end up 
recovering. The adoption of ‘non-release plans’ that include 
pre-determined permanent housing commitments for each 
incoming patient may be an important step toward 
addressing impending overcrowding issues. 
Given strong institutional commitments to ensuring the 
health of their collections, turtles that are consigned to 
permanent captivity should never be simply and indefinitely 
‘stored away’ as a result of avoiding difficult decisions. 
Physical and psychological well-being should not be a 
privilege restricted to those turtles fortunate enough to 
reside in spacious, naturalistic surroundings, nor to only 
those whose keepers have extensive behavioural moni-
toring/enrichment experience. The methods presented here 
provide a universal framework for assessing the surround-
ings and behaviour of captive sea turtles under all circum-
stances, and introduces an objective, measurable set of 
evaluations that hopefully encourages increasingly creative, 
outcome-oriented behavioural monitoring programmes.  
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