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Abstract
Sea turtles are globally distributed marine reptiles crucial to ocean ecosystems, interacting with seagrass beds, coral reefs, and jellyfish populations. However, they face threats including habitat loss, fisheries bycatch, pollution, plastic ingestion, and climate change. One significant physiological threat in temperate and subtropical regions is cold-stunning.
There is a general lack of quality literature on cold-stunning, particularly on veterinary treatment protocols. Successful outcomes require correct diagnosis and treatment of injuries or infections. Acute treatment should focus on slow rehydration and rewarming, with careful monitoring. Nutritional support and analgesia are essential, and oxygen therapy or positive pressure ventilation may aid recovery. More published data on treatment protocols is needed.
A search using terms like Cold-Stun, Cold-Shock, and Turtle revealed relevant books and journal articles discussed in this report.

1.0 Introduction
Sea turtles experience cold-stunning when exposed to low water temperatures for prolonged periods, leading to metabolic suppression, lethargy, buoyancy disorders, and stranding (Still et al., 2005). These events have drawn increased attention due to rising frequency along the Atlantic coast of the United States (Innis et al., 2014). The number of cold-stunned sea turtles found on UK beaches is also increasing annually (M. Westfield, unpub. data).
This review assesses research on cold-stunning in sea turtles, covering thermoregulatory biology, environmental mechanisms, geographic trends, clinical presentations, pathological effects, and rescue strategies. It also examines the conservation implications, particularly regarding climate change, and identifies knowledge gaps.
1.1 Biology of Sea Turtles and Thermoregulation
Sea turtles are ectothermic reptiles relying on external conditions to regulate their body temperature. Their physiological processes are influenced by ambient water temperatures. Most species are active in waters from 15°C to 30°C, but below 10°C, they become hypothermic (Shoop & Kenney, 1992). Juvenile turtles are vulnerable due to their size and tendency to inhabit nearshore environments susceptible to temperature fluctuations (Morreale et al., 1992). Thermoregulatory behaviour can help mitigate exposure, but environmental changes can result in cold-stunning.
1.2 Onset and Progression
Exposure to cold water reduces core body temperature and metabolic rate, causing lethargy and immobility. Cold-stunned turtles are vulnerable to stranding, predation and drowning. Prolonged exposure hampers circulation and oxygen delivery (Stabenau et al., 1991). Decreased metabolic function limits immune responses, leading to secondary complications like bacterial pneumonia or septicaemia upon rescue (Manire et al., 2017). These complications significantly contribute to post-stranding morbidity and mortality.
1.3 Geographic and Seasonal Patterns
Cold-stunning events in sea turtles are primarily observed in temperate and subtropical coastal regions where sudden drops in sea surface temperatures coincide with the presence of overwintering or migrating juvenile turtles. While cold-stunning has been reported in multiple global locations, the most intensively studied and frequent events occur along the Atlantic seaboard of the United States, particularly in Massachusetts, North Carolina, Texas and Florida (Morreale et al., 1992; Still et al., 2005). There is currently a complete lack of published data from UK cold-stunning sea turtle cases, so any conclusions must be based on information from other countries. The relevance of this data is questionable, due to many factors, but currently there is no alternative but to use these sources to inform UK cold-stunning veterinary management plans.
1.4 Temporal Trends and Seasonal Timing
Cold-stunning events typically occur between late autumn and early spring (November through March), depending on the region. In the northeastern USA strandings peak in late November and December, whilst in the southeastern USA and Gulf of Mexico peak events occur slightly later, often in January or February, coinciding with winter storms or prolonged cold spells (Innis et al., 2014). 
The increased frequency and spatial expansion of cold-stunning events are believed to be partially driven by climate-related shifts in ocean temperature and turtle migration phenology. Warmer autumn temperatures may delay southward migrations, increasing the likelihood that turtles will remain in northern waters when abrupt cold fronts arrive (Griffin et al., 2019).

2.0 Pathophysiological Complications
If cold stunning persists, affected turtles can develop multiple organ dysfunction, especially when circulation becomes compromised. The lungs, liver and kidneys are particularly susceptible to damage from hypoperfusion, whilst the prolonged immobility associated with cold stunning can lead to rhabdomyolysis and even skeletal injuries due to wave action if stranded in the surf zone (Manire et al., 2017). Without timely rescue and proactive, targeted veterinary care, most cold-stunned turtles will die due to these pathophysiological effects.

2.1 Acid-Base and Electrolyte Imbalances
Cold-stunned turtles often exhibit profound physiological imbalances when triaged. Studies have demonstrated that hypothermia in sea turtles is associated with both metabolic and respiratory acidosis. This is characterized by decreased blood pH and elevated partial pressure of carbon dioxide (pCO₂), reflecting impaired respiration and cellular metabolism (Innis et al., 2007). Hypoventilation and reduced gas exchange may result from muscle weakness and pulmonary dysfunction, often compounded by concurrent aspiration or pneumonia.
Electrolyte disturbances are also frequently observed. Hyperkalaemia and hypocalcaemia are among the most common abnormalities. These changes can be life-threatening if they lead to cardiac arrhythmias or impaired neuromuscular function (Innis et al., 2009). Other blood chemistry findings may include elevated blood urea nitrogen (BUN), creatinine, and lactate levels—markers of dehydration, renal impairment and anaerobic metabolism respectively.
2.2 Hypoglycaemia and Energy Depletion
Cold-stunned turtles often have hypoglycaemia, indicative of depleted energy reserves. This can result from both hypophagia leading up to the event and the increased energetic demands of maintaining homeostasis under thermal stress. Hypoglycaemia further impairs brain function, reflexes and responsiveness, contributing to the clinical presentation of stupor and unresponsiveness often observed in stranded individuals (Stacy et al., 2013).
2.3 Physiological and Pathological Effects of Cold-Stunning
Cold-stunning initiates a suite of physiological dysfunctions in sea turtles, progressing from reversible metabolic depression to severe systemic failure if exposure is prolonged. These effects can vary based on the duration of exposure, the turtle’s age and species, and the presence of secondary infections or trauma. Clinical studies and post-mortem examinations have shed light on the range of impacts that cold stunning exerts on sea turtles’ organ systems (Innis et al., 2007; Stacy et al., 2013).

2.4 Metabolic Suppression and Respiratory Impairment
As core body temperature drops, turtles experience bradycardia, hypoventilation, and a significant decrease in metabolic rate. This hypometabolic state is an adaptation for survival but also leads to hypoxia in peripheral tissues. With reduced oxygen availability and poor circulation the body shifts toward anaerobic metabolism, resulting in the accumulation of lactic acid and other metabolic byproducts, contributing to metabolic acidosis (Stabenau et al., 1991).
In clinical studies, blood gas analyses of cold-stunned Kemp’s ridley and green turtles often reveal acidosis, hypercapnia and hypoxia. Without intervention, these disturbances can lead to organ failure, particularly affecting the lungs, liver, and kidneys (Innis et al., 2009).
Stabenau et al. (1991) examined turtles undergoing apnoeic swimming and forced submergence, resulting in significant metabolic acidosis. Prolonged exposure in colder waters led to bradycardia and subsequent hypoxia. However, the study's small sample size and dated methodology may affect its reliability.
Innis et al. (2007) found similar results, which need a methodology review. Main et al. (2017) supports these findings and mentions issues like immunosuppression leading to bacterial pneumonia and septicaemia upon rescue. Despite being a secondary source, Main et al. is recent and credible. Decreased metabolic function limits turtles' immune responses, resulting in opportunistic infections like bacterial pneumonia or septicaemia upon rescue (Manire et al., 2017). These complications significantly increase post-stranding morbidity and mortality.
A study conducted by Spielvogel et al., (2017) analysed the use and outcome of Positive Pressure Ventilation (PPV) on 48 critically ill cold stunned turtles over a six-year period. It found that the improvements were variable, probably due to the degree of illness on presentation. The author reported that on average the use of PPV resulted in significant physical and physiological improvements between the beginning and end of ventilation. Although the study used a range of turtle species, it was generally well conducted and produced statistically significant findings. 

2.5 Cardiovascular and Electrolyte Disturbances
One of the hallmark findings in cold-stunned turtles is dysregulation of electrolyte homeostasis. Hyperkalaemia is a common and potentially fatal complication, as elevated serum potassium levels can lead to cardiac arrhythmias and sudden death (Stacy et al., 2013). Other observed imbalances include hyponatremia, hypocalcaemia and altered chloride levels.
Hypothermia also contributes to increased blood viscosity, slowing circulation and impairing the delivery of oxygen and nutrients. Electrocardiographic (ECG) monitoring of cold-stunned turtles has identified prolonged Q-T intervals and irregular heart rhythms in severely affected individuals (Anderson et al., 2011), reflecting significant cardiac strain under cold stress.



2.6 Immune Suppression and Infectious Disease
Immune function in reptiles is temperature-dependent. As turtles cool their immunological responses become suppressed, predisposing them to opportunistic infections. Cold-stunned turtles often present with bacterial pneumonia, evidenced by radiographic or post-mortem findings of pulmonary consolidation and inflammation (Manire et al., 2017). Common pathogens isolated include Pseudomonas spp., Aeromonas spp., and Vibrio spp., which are prevalent in marine environments and can become pathogenic when host defences are compromised. These Infections result in septicaemia, which further negatively impacts organ function. Chronic or unresolved infections in recovered turtles may cause long-term health impacts that complicate rehabilitation and significantly reduce post-release survival.
2.7 Neurological and Musculoskeletal Impacts
Neurological signs in cold-stunned turtles may include decreased responsiveness, loss of righting reflex, uncoordinated swimming, and stupor. These symptoms result not only from the direct effects of hypothermia on brain function but also from secondary hypoglycaemia and hypoxia. In some cases turtles may suffer brain ischemia which, if prolonged, can lead to permanent neurological damage (Innis et al., 2009).
Musculoskeletal injuries are also common, including flipper fractures, shell damage, or soft tissue trauma. Additionally, muscle damage due to prolonged immobility and therefore rhabdomyolysis has been documented, further exacerbating kidney dysfunction through the release of myoglobin into the bloodstream (Stacy et al., 2013).

3.0 Field Response and Rescue Operations
Cold-stunned turtles are typically found stranded on beaches, floating nearshore, or drifting in harbours and estuaries. In high-incidence areas such as Cape Cod, teams patrol beaches daily during the cold-stunning season, particularly after abrupt temperature drops (Griffin et al., 2019). Transportation and transportation stress management should never be overlooked and is covered well in Hunt at et al 2016. This study included 56 turtles, for which data was collected retrospectively. Some limitations include the lack of control group and inconsistent sampling regimes. It showed transportation elicits a mild, but detectable, adrenal stress response that is more pronounced during longer durations of transport.
Once recovered, turtles should be transported in a thermally stable environment to a veterinary facility for triage. Warming too much in the early stages of a rescue will reduce the chances of a positive outcome. At the veterinary facility they will undergo an initial evaluation, which includes assessment of body temperature, responsiveness, buoyancy, and any visible injuries. Stabilisation begins immediately with slow and controlled warming and rehydration. Care protocols can extend from several weeks to months depending on the individual’s condition (Manire et al., 2017). Veterinary teams should assess if they have resources for this sustained duration of care before starting treatment.
3.1 Rewarming Protocols
One of the most critical steps in managing cold-stunned turtles is the rewarming process, which is still carried out to a poor standard worldwide. The rewarming must be done gradually to avoid triggering shock, vasodilation, arrhythmias, or circulatory collapse. Most protocols recommend increasing core body temperature by no more than 2°C to 5°C per day (Innis et al., 2007). This is usually achieved by placing turtles in climate-controlled rooms or shallow water tanks with incrementally increased temperatures. Close clinical monitoring during this stage is essential. Dr Innis is a good source of robust information, being extensively published in many areas of sea turtle veterinary care. According to Research Gate Dr Innis has 113 publications with the majority being around the veterinary care of sea turtles.
He qualified in veterinary surgery from Cornell University in 1990 and has been involved in sea turtle veterinary care ever since, both clinically at New England Aquarium and academically at Tufts University Cummings School of Veterinary Medicine. 
3.2 Clinical assessment
Veterinary evaluation of cold-stunned turtles includes physical examination, radiography, blood work (electrolytes, blood gases, glucose), and sometimes advanced imaging such as CT and MRI. Any injuries need to be suitably assessed to allow an informed prognosis to be made. 
3.3 Treatments 
Fluid therapy: To correct dehydration and electrolyte imbalances, often using warm, isotonic fluids. This needs to be prioritised to try and prevent kidney failure. There is only one controlled study on the relative effect of several fluid types in sea turtles (Camacho et al.2015) Camacho et al used a sample size of 66 loggerhead turtles within a rehabilitation program and four different crystalloid fluids were administered (0.9% Na Cl solution; 5% dextrose + 0.9% Na Cl solutions 1:1; 0.9% Na Cl + lactated Ringer's solutions 1:1; lactated Ringer's solution). All the fluids were given intracoelomically for three days (20 ml/kg/day). Animals were then sampled at three times: upon admission for evaluating the type of acid-base or biochemical disorder, post-fluid therapy treatment for controlling the evolution of the disorder, and post-recovery period for obtaining the baseline values for rehabilitated loggerhead turtles. The highest percentage of acid-base recovery and electrolyte balance was observed in turtles treated with mixed saline-lactated Ringer’s solution (63.6%). 
However, only one species of turtle was used in this study and the results may not be relevant to the other sea turtle species. Giving fluids repeatedly intracoelomically to any reptile has associated risks so it would be informative to see the outcome should the fluids be administered intravenously. 
              Analgesia: In turtle rescue and rehabilitative medicine, many of the casualties suffer from occurrences that would be considered painful in other species. The use of analgesic drugs should therefore be ethically mandatory to manage the pain and avoid its deleterious systemic effects to guarantee a rapid recovery and release. Nonetheless, pain assessment and management are particularly challenging in reptilians and chelonians (Serinelli et al 2022). Serinelli et al state that the current general understanding of the physiology of reptiles’ pain and the possibility of its reasonable treatment is still in its infancy; more information is still needed, and the use of analgesic drugs is still anecdotal or dangerously inferred from other species. The Serinelli publication gives more answers questions than answers and could discourage veterinary teams from giving analgesia, when ethically analgesia should be considered in all stages of any trauma patient’s treatment.
	
Antimicrobial and antimycotics: Bacterial and fungal infections are commonly seen in cold-stun cases. Very few if any of these bacteria or fungi appear to act as primary pathogens in sea turtles, with most cases of such infections occurring in turtles that are affected by other physiological stressors, such as cold-stunning, trauma, over-crowding, and poor water quality (Innis et al. 2009, Innis et al. 2014) Antimicrobial and/or antimycotic agents can be started in cold-stun cases, but their use should be backed up with culture and sensitivities as soon as possible. 
Oxygen therapy: In mammals, high carbon dioxide concentrations stimulate respiration, however in reptiles, respiration is controlled by hypoxia, hypercapnia and environmental temperature (Petritz et al 2019). This information suggests that cold-stun sea turtles are likely to be apnoeic, but oxygen therapy should be provided with clinical caution as it could supress respiration in turtles. Short term oxygen therapy in sea turtles can be just flow by or, depending on the size of the turtle, placing them in an oxygen chamber, but for longer term oxygen therapy Positive Pressure Ventilation (PPV) should be considered.
Nutritional support: During rehabilitation, proper nutrition is paramount to the healing process. Green sea turtles are unique among the sea turtles in that hatchlings and young juveniles are carnivorous whilst older individuals (juvenile to adult) are primarily herbivorous (Bloodgood et al., 2016). Bloodgood states that current understanding of this species’ dietary requirements is poor and, since proper nutrition is key to recovery, this can significantly impact the rehabilitation process of injured or diseased green sea turtles. Sea turtles that present with cold-stun have usually not eaten for days to weeks before being rescued; a nutritional support assessment is therefore essential in any treatment plan. Enteral feeding via feeding tubes is often required but often overlooked. Oral nutrition should only be started once the patient is well hydrated and any electrolyte imbalances have been corrected to prevent refeeding syndrome (George et al., 1997).  Despite being from 1997 George et al gives sound and practical advice around the nutritional requirements for sea turtles.

3.4 Long-Term Effects and Recovery Considerations
Even turtles that survive cold-stunning and undergo successful rehabilitation may experience long-term consequences. These include impaired growth, chronic infections and sublethal organ damage. Research into long-term survival rates post-release is ongoing, but some evidence suggests that a significant proportion of rehabilitated turtles re-integrate successfully into wild populations (Shaver et al., 2017). Although many turtles survive cold-stunning with proper care, the energy and resources required for rehabilitation are immense. Moreover, the physiological toll of cold-stunning—including chronic disease, delayed growth, or behavioural alterations—may reduce post-release survival and reproduction, further complicating population models (Shaver et al., 2017). Shaver et al uses a relatively small sample of only 24 animals, but this low number is in some way mitigated by the study length of 13years and the use of modern methods such as satellite telemetry. They also conclude more data needs gathering. More data is essential so veterinary resources can be targeted at the individuals with the greatest chance of being successfully released. Euthanasia should be considered at the early stages of care to prevent a negative impact on welfare, wasting resources and to reduce the negative impact on the care givers. 

4.0 Conclusion      
Cold-stunning in sea turtles is a growing conservation concern in the UK, particularly along the west coast. As these events become more frequent, they threaten population dynamics and highlight the need for more data collection to improve outcomes.
The increasing frequency of cold-stunning events aligns with climatic shifts, particularly warmer autumns and altered ocean currents, which disrupt traditional migratory patterns. This paradox of climate change effects suggests that while warming seas might expand habitat ranges, they also introduce new risks such as thermal entrapment, delayed migrations, and increased exposure to predators.
Veterinary professionals should be educated to treat cold-stunned sea turtles in the UK, ensuring that long-term survival rates improve alongside recovery strategies. Protecting these ancient marine reptiles in changing oceans requires better conservation efforts, veterinary capabilities, and a strong evidence base supported by continuous research initiatives.
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