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Abstract

Given the remote, rugged areas belugas typically inhabit and the low rehabilitation success rate with any cetacean, it is rare to have the opportunity to rescue a live-stranded beluga. The Alaska SeaLife Center cared for two stranded beluga calves with two different outcomes. In 2012, a neonatal male beluga calf (DL1202) stranded following intense storms in Bristol Bay. In 2017, a helicopter pilot discovered a stranded male beluga calf (DL1705) during a flight over Cook Inlet. The Alaska SeaLife Center transported both calves for rehabilitation and utilized supportive care plans based on those for other species of stranded cetaceans and care of neonatal belugas at zoological facilities. Diagnostics included complete blood counts, serum chemistries, microbial cultures, hearing tests, imaging and morphometric measurements to monitor systemic health. Treatments included in-pool flotation support; antimicrobials; gastrointestinal support; and close monitoring of respirations, urination, defecation and behaviour. After three weeks of supportive care, the Bristol Bay calf (DL1202) succumbed to sepsis secondary to a possible prematurity-related lack of passive transfer of antibodies. After seven weeks, the Cook Inlet calf (DL1705) recovered and all medications were discontinued. Unable to survive on his own, he was declared non-releasable and placed in long-term care at a zoological facility, to live with other belugas. Aspects and details from successful cases of cetacean critical care become important references especially vital for the survival of essential animals in small, endangered populations.

This article is part of the special cluster Beluga whales (Delphinapterus leucas): knowledge from the wild, human care and TEK, which has been funded by Mystic Aquarium, CAFF and the Norwegian Ministry of Climate and Environment.
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Introduction

Cetacean rehabilitation has a low success rate. Over a 25-year period (1977–2002), out of 70 cetaceans that were stranded alive in California, 60 (86%) ultimately died. Of the remaining animals, two (3%) were relocated and immediately released, five (7%) were rehabilitated and released, and three (4%) were declared non-releasable and placed in zoological facilities (Zagzebski et al. 2006). A more recent review of the national MMHSRP catalogue listed 396 cetacean rescues from 2000 to 2016, with 294 (74%) ultimately dying or euthanized, 58 (15%) being released and 44 (11%) transferred to permanent zoological care (NOAA Fisheries MMHSRP National Database unpubl. data); this shows an improved survival rate, from 14% in the earlier California data compared to 26% in the more recent review of the national database.

There have been few attempts at rehabilitating belugas. Given the remote, rugged areas belugas typically inhabit, it is rare to encounter and be able to coordinate the rescue of a live-stranded beluga. In the 1990s, there were unsuccessful attempts to rehabilitate beluga calves from the SLE (De Guise et al. 1992), all of which were either euthanized or died within 10 days (Michaud et al. 2020). Since that time, rescuers in SLE have encountered three additional calves and reunited them with pods of SLE belugas (Michaud et al. 2020). Because these calves were not tagged and were only followed for a few hours, it is unknown if they ultimately survived. A subadult SLE beluga was discovered in poor condition upriver; supportive care was provided while the beluga was successfully translocated back to its normal range, tagged and released. This animal was tracked and re-spotted alive approximately one year later (Le Net et al. 2019).

Given the importance of the survival of each reproductive individual, rehabilitation efforts in threatened and endangered populations are also important. In addition, these cases provide valuable opportunities to better understand health threats to those populations as well as for refining medical and husbandry practices during the critical care period. Ex situ options for cetacean conservation are receiving more attention with focused meetings on the topic (Ex Situ Options for Cetacean Conservation Workshop, Nuremberg, 14–18 December 2018) and have been specifically considered for the vaquita (Phocoena sinus; Jaramillo‐Legorreta et al. 2007) and the baiji (Lipotes vexillifer; Wang et al. 2006).

The CI population of belugas (Delphinapterus leucas) is listed as endangered and continues to decline for unknown reasons (NMFS 2008, 2016). With only 279 belugas as of the 2018 abundance estimate (Shelden & Wade 2019), every individual is essential to the population. Despite the historical difficulties in rehabilitating cetaceans, the ASLC in Seward, Alaska, attempted to rehabilitate a stranded beluga calf from Bristol Bay in 2012, as well as one from CI in 2017. One calf recovered and one succumbed. This report describes these two cases, including details of medical and husbandry care, diagnostic findings and additional factors that likely influenced the different outcomes for these two calves.

Methods

Stranding circumstances

Mid-afternoon on 18 June 2012, following a night of extreme storms and heavy surf, beach walkers observed a small beluga calf (DL1202) struggling at the water line, rolling in heavy surf close to South Naknek, off Bristol Bay, Alaska (58.72 N, 156.99 W). A rescue was authorized after unsuccessful attempts were made to return the animal to deeper water, and local observers confirmed the absence of any adult belugas in the area. The male calf was transported by a fixed wing aircraft and truck to ASLC for attempted rehabilitation.

Mid-afternoon on 30 September 2017, a small beluga (DL1705) was observed above the waterline on Trading Bay, south of McArthur River, on the west side of CI (60.88 N, 151.73 W), Alaska, by an Alaskan State Trooper and NOAA Law Enforcement in a helicopter. Upon closer inspection, the beluga was determined to be a live calf with moderate external physical trauma. Attempts to encourage the calf to swim into the inlet were unsuccessful, and adult belugas were not observed in the area during a subsequent overflight to pick up a veterinarian for an examination of the calf. The stranded beluga was assessed to be a dependent male calf with injuries deemed non-life-threatening, prompting recommendation for rehabilitation. Rescue was authorized, and the calf was transported by helicopter and truck to ASLC for attempted rehabilitation.

Aging

Animals were aged based on morphological characteristics and physiological parameters summarized in Fig. 1 and Table 1.

Fig. 1 Physical attributes used to determine age in stranded beluga calves (Delphinapterus leucas). DL1202 had (a) an umbilical sheath containing cord remnants and dark periocular pigmentation as well as (b) foetal folds. DL1705 did not have (c) an umbilical cord or sheath but did have (d) foetal folds and (e) dark periocular pigmentation.
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Table 1 Parameters used for aging the stranded beluga calves based on data and observations from beluga, other cetaceans and other mammalian neonates, as noted in the description.


	Characteristic
	Description (reference)
	DL1202, Bristol Bay
	DL1705, CI



	Findings
	Age (days)
	Findings
	Age (days)





	Admission date
	Beluga neonates have been photographed in CI as early as mid-July and as late as October (McGuire & Stephens 2017)
	18 June 2012
	–
	30 September 2017
	–



	Length
	Beluga age estimated from length using formula:
 [51.5+(4.451 × TL)–(0.0106 × TL2)]–478 ±8.6 d (Dalton 2007; Robeck et al. 2015)
	144 cm
	-5.4 (-14.0–3.2)
	162 cm
	16.4 (7.8–25.0)



	Weight
	Average 64 kg (55–65). Smallest surviving beluga calf in zoological facilities was 53.6 kg (Dalton 2007)
	45.5 kg
	Premature
	64 kg
	Full term



	Meconium passage
	Meconium, or foetal faeces, is typically passed within 1–3 days after birth in humans before transitioning to normal faeces (Bekkali et al. 2008; Lakshmanan & Ross 2008)
	Observed
	<3
	Not observed
	>3



	Umbilicus healing
	Umbilical cord remnant present at birth, falls off ca. 1 week, healed at body wall ca. 3 weeks in bottlenose dolphins and harbour seals (Phoca vitulin; Dierauf et al. 1984; Dearolf et al. 2000)
	Cord present
	<3
	No cord, healed at body wall, divot present
	>14



	Foetal folds
	Skin indentations on flank due to compression in utero, smooth out by 2 months in bottlenose dolphins and beluga (Dearolf et al. 2000; Krasnov et al. 2009)
	Present, pronounced
	<14
	Present, mild
	7–21



	Flukes
	Floppy/wrinkly flukes firm up by ca. 2 week in bottlenose dolphins (Dearolf et al. 2000)
	Soft, somewhat curved
	<14
	Firm, fairly flat
	>14



	‘Black eye’—‘eye ring’
	Variably present for a couple of weeks for ‘black eye,’ several months for ‘eye ring’ in beluga (R. Michaud, pers. comm.)
	Present
	<60
	Present
	< 60



	Post-natal moult
	Variable, occurs ca. 1–2 months post-parturition in beluga (S. Aibel, pers. comm.)
	Not observed, lanugo noted post-mortem
	<30
	Started 5 days post-admission
	30–60



	Bilirubin
	Hyperbilirubinemia seen in neonates due to liver immaturity and foetal haemoglobin turnover, more pronounced with prematurity, decreases with age, resolves in 1–2 weeks in harbour seals, bottlenose dolphins and harbour seals (Dierauf et al. 1984; Feinholz & Atkinson 2000; Morgan et al. 2009)
	2.8 mg/dl
	<7
	0.7 mg/dl
	>10



	Swim pattern
	
	Uncoordinated, corking
	
	Smooth arcs
	



	Histopathology
	
	Foetal structures
	Premature
	Not applicable
	NA



	Summary
	
	Premature 2-day-old
	
	Full-term 16-day-old
	





Housing and environmental parameters

DL1202 was housed in an outdoor 6 m circular pool with a depth of up to 1.8 m (53 347 L). DL1705 was initially housed in an interior 4.6 m circular pool with a depth up to 1.2 m (20 013 L); this pool room had a large bay exterior door that was increasingly left open as time progressed to acclimate the calf to outdoor temperatures. After five weeks, DL1705 was transferred to an outdoor pool that could be managed at variable depths. Initially, the calf was kept in an area that was a half-circle with a radius of about 4.6 m at 0.9 m deep. About two weeks later, the pool was reconfigured to allow access to a 16.1 m × 9.1 m oval mostly at 0.9 m but partially at 1.8 m deep. After another two weeks, the water level was raised to 1.8 m and then 2.7 m with a total capacity of 286 650 L.

Pools were supplied with natural seawater from wells passively filled during high tides from Resurrection Bay approximately 60 m below the surface and 210 m from the shore. Once mechanically filtered, seawater was distributed to pools as needed. Depending on the pool, water was set up to be flow through or was recirculated through skimmers at a rate to ensure a minimum of two complete turnovers daily. A combination of heated salt and fresh city water was added in a side stream to achieve the desired temperature, which ranged 15.6–21.7°C for DL1202 and 10.6 to 21.1°C for DL1705 while inside. Pool salinity was monitored multiple times a day, and the relative flows of seawater and freshwater were adjusted as needed to keep the water at or above 24 ppt. After DL1705 was moved outside, supplementation of heated water was reduced and ultimately discontinued, and water temperature fluctuated with ambient conditions from 5.0 to 10.00°C. Coliform testing was done weekly, consistent with Animal Welfare Act requirements. Additional measured parameters included water temperature and, when city water was being added, chlorine, pH and salinity.

Lighting was predominantly natural ambient light, supplemented with artificial sources for staff safety and during medical and husbandry procedures. Outdoor pools were partially shaded by portions of the building and surrounding mountains.

Both calves were under strict quarantine, with their own dedicated staff and spaces. Food preparation, area cleaning and equipment sanitation were consistent with Animal Welfare Act standards. DL1705 cleared quarantine five weeks after admission following recovery from his presenting health problems and successfully passed screening tests for infectious diseases of concern.

Nutrition

Both calves initially received electrolytes, nutritional supplements and fluids mixed with increasing concentrations of artificial milk-replacer formula, ground herring and salmon oil (Supplementary Table S1) via orogastric intubation, which was based on a formula developed for hand-rearing neonatal beluga calves at zoological institutions when maternal care was insufficient (Winhall 2012). The calves were lightly restrained, with just enough support to keep them stationary, and a foal feeding tube was passed orally to the stomach. Using syringes, oral medications were mixed into a slurry and slowly injected down the tube, followed by calf feeding syringes of formula warmed to 35–37.7°C. While DL1202 was never successful at taking formula from a bottle, DL1705 quickly learned to voluntarily suckle from the tube, and subsequently, a bovine nipple on a bottle was utilized to deliver the formula without the need for any restraint. The initial voluntary feedings were inefficient, necessitating utilization of both methods until the calf could ingest enough from bottles to maintain an appropriate rate of weight gain with voluntary feeding alone.

Husbandry and veterinary care

Staffing for both calves included around the clock care by one to three people with extensive beluga, cetacean rehabilitation and/or neonatal cetacean experience; additional staff provided assistance for specific procedures or tasks as needed. The onsite care team was supported by consultants from zoological facilities that care for belugas, federal biologists and other medical and veterinary experts. The daily routine included body measurements, food preparation, multiple feedings, detailed animal monitoring and observational record keeping (including respiratory rate, defecations, behaviour and treatments), enrichment, pool parameter monitoring and cleaning. Veterinary exams were initially done twice a day and later once a week with daily visual check-ins. Various biological samples (blood, blowhole and breath, gastrointestinal contents and faeces, by techniques listed below), diagnostic images, body weights and other morphometric measurements were initially collected several times a week. As DL1705 stabilized, sample collection frequency decreased. Both calves were treated with antibiotics, antifungals and gastrointestinal modifiers (Supplementary Table S2) using published doses (Stoskopf et al. 2001), upon the recommendation of consulting veterinarians or based on published cases (Reidarson et al. 2001; Sweeney et al. 2010; Osborn et al. 2012; Winhall 2012; Flower et al. 2018).

Sample collection, processing and storage

Following collection, samples were either analysed promptly as described below or transferred to appropriate containers and stored in a –80°C freezer until sent for further analysis typically within a few days to weeks unless otherwise noted. After the skin was disinfected with alcohol, blood was collected from the periarterial venous rete on the dorsal or ventral tail fluke using a 1.3 cm 19–21 gauge butterfly catheter (Becton, Dickinson & Co.) directly into plain, serum separator, sodium heparin and K2EDTA Vacutainer® tubes (BD Biosciences); or, using a syringe, blood was immediately transferred into appropriate tubes. Whole blood was kept at room temperature and analysed within 4 hr. Plain and serum separator tubes were allowed to clot at room temperature, and then serum was separated by centrifugation for 5 min at 4000 rpm. Serum biochemical analyses were performed, or serum was pipetted in 1 ml aliquots into cryovials for storage. Sodium heparin and K2EDTA tubes were centrifuged for 5 min at 4000 rpm to separate plasma, which was pipetted in 1 ml aliquots into cryovials. Swabs of the rectum, wounds, skin and blowhole were collected and placed in Amies or Cary-Blair media (Becton, Dickinson & Co.), refrigerated and sent within 24 hr to a commercial microbiology laboratory for microbial pathogen screening. Additional swabs were collected and stored in viral transport media (Remel MicroTest M4RT Kit, Medex Supply) or were stored without media and frozen at –20°C until submitted for viral screening. Respiratory cytology samples were obtained by holding a slide attached to a Petri dish over the blowhole during multiple breaths. Additional breath condensate was collected by holding a 50-ml conical tube or a Petri dish with a nylon membrane attached over the blowhole for several breaths. Gastric samples were collected using a feeding tube primarily prior to tubing fluids or formula but occasionally as a separate diagnostic sampling procedure. Cytology slides of gastric samples were prepared immediately. Additional samples were refrigerated at 4°C or frozen at –80°C. Skin was collected when wound edges were trimmed, or opportunistically, as it fell off when moulting and transferred to cryovials. Faecal samples obtained opportunistically and/or during enema treatments were transferred to cryovials. Tissues from DL1202 collected for histopathology were preserved in 10% neutral buffered formalin and shipped to Histology Consulting Services (Everson, WA) for processing. Paraffin-embedded sections were cut at 5 µm and stained with haematoxylin and eosin.

Laboratory analysis

Complete blood counts, serum chemistries and faecal parasite analyses were performed at ASLC’s in-house clinical laboratory. Two microhematocrit tubes were centrifuged for 6 min at 14 000 rpm to determine packed cell volume using a micro-capillary reader (International Equipment Company) and to aid in the identification of haemoparasites. Blood smears were prepared, dried, fixed in methanol and stained using Wright-Giemsa (Henry Schein Animal Health) for manual white blood cell differential counts and to screen for haemoparasites. Complete blood counts were performed on ASLC’s IDEXX ProCyte Dx (DL1705) or Heska CBC Diff (DL1202) analyser, using whole blood. Serum chemistries were performed using ASLC’s IDEXX VetTest 8008, except for iron and triglycerides, which were run on the Beckman Coulter AU480 Chemistry Analyzer at SeaWorld San Diego’s in-house clinical laboratory. Serum protein electrophoresis was run at the Phoenix Central Laboratory on a Helena Protein Electrophoresis unit. The concentration of serum cortisol was determined by a chemiluminescent-immunoassay (Immulite, Siemens Healthcare Diagnostics) at Cornell University’s Animal Health Diagnostic Center; serum samples from DL1705 were submitted within weeks of collection, whereas those from DL1202 were submitted in 2019 for retrospective analysis and comparison to DL1705’s values. Serum and molecular samples were shipped on dry ice via express delivery to reference laboratories and research facilities or testing for evidence of disease or exposure to avian influenza at the Runstadler Laboratory (Spackman et al. 2002; Puryear et al. 2016), Brucella at Mystic Aquarium (Meegan et al. 2010) and the University of Illinois Veterinary Diagnostic Laboratory (Colegrove et al. 2016), herpesvirus at the University of Florida Zoological Medicine and Wildlife Disease Laboratory (Davison et al. 2017), cetacean morbillivirus at Athens Veterinary Diagnostic Laboratory (Saliki & Lehenbauer 2001) and protozoal diseases (Neospora caninum, Toxoplasma gondii and Sarcocystis neurona) at the University of California, Davis (Miller et al. 2002). Culture swabs were submitted for aerobic bacterial culture at Providence Alaska Medical Center and Athens Veterinary Diagnostic Laboratory. Tissue slides (DL1202 only) were examined by an American College of Veterinary Pathology board-certified pathologist with marine mammal experience (KBH, Alaska Veterinary Pathology Service), who provided histopathological diagnoses.

Imaging

Diagnostic thoracic and abdominal ultrasounds (E.I. Medical Imaging’s IBEX Pro and CL3.8L (2.5–5 MHz) and MC8.0 (6–10 MHz) transducers) were performed and used to serially measure and monitor blubber depth (Cornick et al. 2016; Dennison & Saviano 2018). Whole body CT scans were performed three times (12 October 2017, 16 November 2017 and 3 January 2018) for DL1705 for initial assessment and subsequent tracking to resolution of observed abnormalities. For CT, the calf was placed on foam and covered with moist sheets during scanning using a GE Lightspeed16 CT Scanner System. Helical scan mode, 120 kV, 210 mA and pitch 1.75 were used for all studies. Slice thickness varied between studies with 1.25 mm used initially and 5.00 mm subsequently. For all studies, images were reconstructed using a soft tissue and bone reconstruction algorithm. The entire process—removing the calf from his pool, transportation to the hospital, scanning, transportation back and return to his pool—was approximately 30 min. Between CT scan dates, radiographic images were obtained from DL1705 using a MiniXRay HF120/60HPPWV PowerPlus generator, Canon CXDI-70C wireless plate and VetRocket processing system. All CT and radiographic images were stored in DICOM format and were reviewed by an American College of Veterinary Radiology board-certified radiologist with marine mammal experience (SDG, TeleVet Imaging Solutions).

Hearing test

Hearing measurements were obtained only from DL1705 shortly after admission on 4–5 October 2017 and two months later on 5–6 December 2017 using AEP recording methods (Houser & Finneran 2006; Finneran et al. 2007; Nachtigall et al. 2007; Mooney et al. 2012). All hearing examinations were conducted in the water at a depth of 1 m, where the calf was gently held in place with its head freely moveable, similar to previously established methods with stranded and wild odontocetes (Nachtigall 2005; Castellote et al. 2014). Data collection, calibrations and analyses were designed to follow that of previous beluga AEP hearing studies and American National Standards Institute standards for measuring odontocete audiograms (Castellote et al. 2014; ANSI 2018; Mooney et al. 2018; Mooney et al. 2020). Briefly, these methods included amplitude modulated tones played using a jaw phone to limit any effect of head movement. Responses were measured from AEP suction cup electrodes placed just behind the blowhole (positive recording electrode), on the dorsal ridge (reference) and a ground located on the animal’s caudal peduncle. Responses were amplified 10 000× and filtered from 300 to 3000 Hz. Calibrations were conducted at 1 m at the location of the two hearing tests while the animal was not there. Thresholds were determined using F-statistical methods. More details are presented by Mooney et al. (2020).

Results

Following the admission exam on 18 June 2012 and a review of physical and physiological findings, DL1202 was assessed to be approximately two days old (Fig. 1a, b, Table 1) largely on the basis of the state of his umbilicus and the passage of meconium. Additionally, being smaller than the smallest reported surviving calf in a zoological facility, prematurity was suspected. His swim pattern was initially uncoordinated, but he did not require assistance and over time he began to swim in smooth arcs through the water. His eyes were initially open and appeared normal; however, severe bilateral blepharospasm developed partway through his care precluding further voluntary examination. While he never successfully bottle-fed, he cooperated with his gavage feeds and initially gained weight (Fig. 2). Starting on 22 June 2012, he would sometimes float in a curved posture suggesting abdominal pain and had signs of constipation, delayed gastric emptying, gastrointestinal gas and increases in respiratory rate (Fig. 3). The feeding formula was diluted, and medications were changed, which not only helped to mitigate these problems but also resulted in weight loss.

Fig. 2 Daily weights (kg) in stranded beluga calves (Delphinapterus leucas) DL1202 and DL1705. Reference trend based on a median birth weight of 64 kg and an average weight gain of 0.32 kg per day of beluga calves born in aquaria (Dalton 2007).
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Fig. 3 Average daily respiration rate (number of breaths over 5-min time periods taken frequently throughout the day, then averaged) in stranded beluga calves (Delphinapterus leucas) DL1202 and DL1705.
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Clinical laboratory findings included nonregenerative anaemia, neutrophilia, bilirubinaemia and elevated alkaline phosphatase (Tables 2, 3, Supplementary Tables S3, S4). His initial beta and gamma globulins (Table 4) were low, though later increased slightly. A high level of cortisol at admission decreased to a normal level but was elevated during one period of severe gastrointestinal distress and shortly before death (Table 5). Tests for exposure to diseases of concern were negative. Outside of the periods of gastrointestinal distress, he would swim in a varied pattern using the whole pool, interacting with staff and enrichment items.

 


Table 2 Summary haematology values in stranded beluga calves (Delphinapterus leucas) DL1202 and DL1705. Quartile ranges of values (25–75% quartiles around median) from 216 samples from 13 beluga of various ages residing at an aquarium are included for comparison (Gulland et al. 2018).


	
	DL1202 (n = 8)
	DL1705 (n = 16)
	Comparative values



	Min
	-
	Max
	Min
	-
	Max
	25–75% quartiles





	RBCa (106/mm3)
	2.90
	-
	3.38
	2.60
	-
	3.39
	3.0
	-
	3.4



	Hbb (g/dl)
	16.2
	-
	19.1
	12.9
	-
	17.4
	19.0
	-
	22.0



	PCVc (%)
	40
	-
	48
	34
	-
	45
	50
	-
	60



	MCVd (fl)
	133.7
	-
	144.7
	121.7
	-
	137.2
	163
	-
	185



	MCHe (pg)
	54.2
	-
	58.6
	48.5
	-
	55.9
	59
	-
	66



	MCHCf (g/dl)
	40.5
	-
	42.6
	38.3
	-
	41.0
	36
	-
	38



	Platelets (103/mm3)
	75
	-
	189
	113
	-
	300
	60
	-
	130



	Leukocytes/µl
	3100
	-
	6500
	2650
	-
	7820
	5000
	-
	9500



	Neutrophil-band/µl
	0
	-
	504
	0
	-
	164
	0
	-
	0



	Neutrophil/µl
	2046
	-
	5850
	1844
	-
	4848
	2580
	-
	5520



	Lymphocyte/µl
	0
	-
	637
	504
	-
	2274
	1100
	-
	4150



	Monocyte/µl
	56
	-
	574
	0
	-
	1329
	220
	-
	780



	Eosinophil/µl
	0
	-
	62
	0
	-
	505
	90
	-
	640



	Basophil/µl
	0
	-
	0
	0
	-
	115
	0
	-
	0



	NRBCsg
	0
	-
	3
	0
	-
	2
	0
	-
	1



	Reticulocytes %
	1.0
	-
	3.8
	1.0
	-
	6.9
	0.3
	-
	0.8



	RDW %
	24.7
	-
	26.8
	13.6
	-
	20.1
	Not reported



	aRed blood cells. bHaemoglobin. cPacked cell volume. dMean corpuscular volume. eMean corpuscular haemoglobin. fMean corpuscular haemoglobin concentration. gNucleated red blood cells.





 


Table 3 Summary of serum chemistry values in stranded beluga calves (Delphinapterus leucas) DL1202 and DL1705. Quartile ranges of values (25–75% quartiles around median) from 216 samples from 13 beluga of various ages residing at an aquarium are included for comparison (Gulland et al. 2018).


	
	DL1202 (n = 8)
	DL1705 (n = 16)
	Comparative values



	Min
	-
	Max
	Min
	-
	Max
	25–75% quartiles





	Total protein (g/dl)
	4.8
	-
	5.8
	5.1
	-
	6.9
	5.7
	-
	7.3



	Albumin (g/dl)
	2.8
	-
	4.0
	2.6
	-
	4.0
	4.1
	-
	4.7



	Globulin (g/dl)
	1.8
	-
	2.5
	2.2
	-
	3.0
	1.6
	-
	2.8



	Glucose (mg/dl)
	53
	-
	114
	57
	-
	116
	84
	-
	124



	BUNa (mg/dl)
	32
	-
	59
	36
	-
	74
	47
	-
	59



	Creatinine (mg/dl)
	0.6
	-
	1.6
	0.4
	-
	0.9
	1.2
	-
	1.6



	Bilirubin (mg/dl)
	0.2
	-
	2.8
	0.1
	-
	0.7
	0.1
	-
	Not reported



	Cholesterol (mg/dl)
	73
	-
	118
	165
	-
	277
	170
	-
	260



	Alk phosb (U/l)
	221
	-
	522
	165
	-
	588
	100
	-
	220



	ALTc (U/l)
	17
	-
	36
	10
	-
	51
	3
	-
	10



	ASTd (U/l)
	89
	-
	146
	50
	-
	131
	45
	-
	80



	GGTe (U/l)
	33
	-
	81
	25
	-
	62
	16
	-
	36



	CKf (U/l)
	75
	-
	285
	92
	-
	289
	80
	-
	180



	LDHg (U/l)
	752
	-
	1597
	540
	-
	890
	100
	-
	220



	Calcium (mg/dl)
	9.1
	-
	10.3
	8.9
	-
	11.2
	9.1
	-
	10.6



	Phosphorus (mg/dl)
	5.4
	-
	8.0
	5.2
	-
	8.0
	4.5
	-
	5.8



	Sodium (mEq/l)
	147
	-
	166
	154
	-
	163
	153
	-
	159



	Potassium (mEq/l)
	3.8
	-
	4.6
	3.3
	-
	4.9
	3.5
	-
	4.1



	Chloride (mEq/l)
	108
	-
	114
	108
	-
	123
	111
	-
	120



	Iron (mcg/dl)
	108
	-
	133
	60
	-
	701
	195
	-
	380



	Amylase (U/l)
	0
	-
	18
	0
	-
	64
	Not reported



	Triglycerides (mg/dl)
	39
	-
	191
	114
	-
	539
	Not reported



	aBlood urea nitrogen. bAlkaline phosphatase. cAlanine transaminase. dAspartate aminotransferase. eGamma-glutamyl transferase. fCreatine kinase. gLactate dehydrogenase.





 


Table 4 Serum protein electrophoresis values in stranded beluga calves (Delphinapterus leucas) DL1202 and DL1705. Comparative values were obtained from the ISIS/MedARKS/5.53 database (Teare 1991), queried on 19 June 2012 for normal values (N = 1–6) from beluga calves less than 30 days old.


	ID
	Date
	Age (days)
	TP (g/dl)
	ALB (g/dl)
	Alpha1 (g/dl)
	Alpha2 (g/dl)
	Beta (g/dl)
	Gamma (g/dl)
	GLOB (g/dl)
	A:G





	DL1202
	18 June 2012
	2
	5.2
	3.1
	0.7
	1.2
	0.2
	0.1
	2.1
	1.45



	23 June 2012
	7
	6.1
	3.3
	0.6
	1.4
	0.5
	0.2
	2.8
	1.19



	25 June 2012
	9
	5.3
	3.0
	0.5
	1.4
	0.4
	0.1
	2.3
	1.28



	27 June 2012
	11
	5.1
	2.9
	0.4
	1.3
	0.4
	0.1
	2.2
	1.30



	1 July 2012
	15
	5.1
	2.9
	0.4
	1.3
	0.3
	0.1
	2.2
	1.33



	4 July 2012
	18
	5.0
	3.3
	0.3
	1.0
	0.3
	0.1
	1.7
	1.94



	DL1705
	30 September 2017
	16
	5.6
	3.9
	0.2
	0.9
	0.3
	0.3
	1.7
	2.24



	9 October 2017
	25
	5.8
	4.1
	0.2
	1.0
	0.3
	0.1
	1.7
	2.37



	18 October 2017
	34
	6.0
	4.1
	0.3
	1.2
	0.4
	0.1
	1.9
	2.09



	16 November 17
	63
	5.9
	3.8
	0.2
	1.3
	0.4
	0.2
	2.1
	1.79



	12 December 2017
	89
	6.0
	3.9
	0.3
	1.3
	0.4
	0.2
	2.1
	1.87



	15 February 2018
	154
	6.3
	4.0
	0.2
	1.3
	0.5
	0.2
	2.3
	1.75



	7 March 2018
	174
	6.3
	4.1
	0.3
	1.2
	0.4
	0.3
	2.2
	1.91



	Comparative values
	<30
	5.4–6.2
	2.6–3.7
	0.2–0.6
	1.1
	0.2–0.3
	0.1–1.3
	2.1–2.5
	2.4–3.5





 


Table 5 Serum cortisol in stranded beluga calves (Delphinapterus leucas) DL1202 and DL1705 and a baseline level obtained from adult beluga in a zoological facility (Schmitt et al. 2010).


	Calf ID
	Date
	Estimated age (days)
	Cortisol (ug/dl)





	DL1202
	18 June 2012a
	2
	19.4



	20 June 2012
	4
	9.07



	23 June 2012
	7
	4.73



	27 June 2012
	11
	19.4



	1 July 2012
	15
	1.72



	4 July 2012
	18
	4.14



	8 July 2012
	22
	16.5



	DL1705
	30 September 2017a
	16
	11.600



	4 October 2017
	20
	1.360



	5 October 2017
	21
	1.010



	9 October 2017
	25
	0.646



	13 October 17
	29
	1.480



	18 October 2017
	34
	2.630



	22 October 2017
	38
	0.998



	25 October 2017
	41
	0.780



	29 October 2017
	45
	1.880



	1 November 2017
	48
	0.754



	7 November-2017
	54
	0.484



	22 November 2017
	69
	2.080



	12 Decemeber 2017
	89
	0.637



	9 January 2018
	117
	0.801



	15 February 2018
	154
	1.580



	7 March 2018
	174
	0.913



	Comparative values from an adult
	
	
	1.8 ± 0.71



	aAdmission.





During his last day, he appeared increasingly disoriented, vomited and appeared to be experiencing an episode of delayed gastric emptying with mild increased respiratory effort. While attempts were being made to relieve the build-up of undigested formula from his stomach, he developed respiratory distress, subsequently vomiting and aspirating formula. Despite emergency therapy, the respiratory distress could not be reversed, and he succumbed on 8 July 2012.

A necropsy was performed the following day, and findings included significant changes in multiple organs. Bilateral roughened, inflamed ocular surfaces and corneal ruptures were accompanied by debris deep in the conjunctival fornix. There was a copious amount of serosanguinous fluid with fibrinous strands in the right hemithorax and pericardium as well as cloudy fluid in the abdomen. White fluffy material was adherent to the oesophagus. All sections of the gastrointestinal tract contained abundant digesta, without gaps, and were more than expected. Histopathological analysis of the tissues indicated he likely developed septicaemia secondary to or in conjunction with ruptured corneas, pleuropneumonia, bronchopneumonia and pericarditis. In some areas, there were plugs of fibrin in many of the alveoli and foamy macrophages suggestive of poor ciliary escalator or partial obstructions to outflow. Eosinophilic intranuclear inclusion bodies in the pharynx and tonsil as well as in the bone marrow were consistent with herpesvirus, though no further follow-up was pursued. Findings also included severe ulcerative fungal pharyngitis, esophagitis and gastritis, likely secondary to required antibiotic treatments and the immunologically weakened condition of the animal. This animal had several tissues that appeared more immature than expected of a full-term neonate, including foetal glomeruli, with no adult forms and poorly formed muscularis externa of the colon and the jejunum, which likely contributed to difficulty with effective movement of digesta. There was a distinct extra layer to the stratum corneum, which most likely represents a layer shed during the post-natal ecdysis.

Following the admission exam on 30 September 2017 and a review of physical and physiological findings, DL1705 was assessed to be approximately 16 days old (Fig. 1c, d, e, Table 1) largely on the basis of his length. For the first 48 hours, he required flotation support provided by two staff members, and then only one before reliably swimming independently. By the third day, he was able to consume most of his formula through a bottle, but supplemental gavage feedings were required to maintain adequate weight gain of about 0.5 kg/day, which were continued until day 39. Tracking weight gain (Fig. 2) was initially complicated by the post-natal ecdysis (Fig. 4) beginning on day 3, resulting in the loss of more than 1 kg of skin a day as well as episodes of constipation which began on day 5, though they were never as severe as DL1202. Blubber depth initially decreased (Fig. 5) but increased over time.

Fig. 4 (a) Post-natal ecdysis of beluga calf (Delphinapterus leucas) DL1750 shortly after admission on 5 October 2017; (b) roughened, cracked, damaged skin starting to slough off the calf on 12 October.
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Fig. 5 Blubber depths over time in a stranded beluga calf (Delphinapterus leucas) DL1705 at multiple lateral (L) and dorsal (D) sites used to assess body condition in field projects (Cornick et al. 2016), including the nuchal fat pad; anterior (1) and posterior (2) to the pectoral fin; mid-dorsal ridge (3); mid-abdomen (4); and pelvis (5).
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Clinical laboratory findings included regenerative anaemia, neutropenia and elevated alkaline phosphatase (Tables 2, 3, Supplementary Tables S3, S4). His initial beta and gamma globulins (Table 4) were low but twice that of DL1202. Cortisol at admission was high but only about half that of DL1202, quickly decreased to a normal level and did not significantly change afterwards (Table 5). Tests for exposure to diseases of concern were negative, except for herpesvirus, which was not of clinical significance.

Hearing tests in October and December (Fig. 6) indicated that this beluga calf heard all frequencies tested (4–128 kHz) and showed sensitive hearing (<70 dB) for a wide range of frequencies (16–80 kHz). These findings were reflective of a healthy odontocete auditory system similar to many healthy belugas from the Bristol Bay population, the only other published data set of healthy, wild marine mammal hearing (Mooney et al. 2018). Both measurements were similar, showing continued auditory health of the animal throughout the rehabilitation period.

Fig. 6 Audiograms from beluga calf (Delphinapterus leucas) DL1705, adapted from Mooney et al. (2020).
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A CT scan on 12 October 2017 revealed peribronchial infiltrates suggestive of aspiration pneumonia (Fig. 7a), granular material within the gastrointestinal tract potentially due to sand ingestion during stranding, and intracranial ventriculomegaly indicating mild hydrocephalus (Fig. 7d). His behaviour and respiratory rate (Fig. 3) changed significantly on 17 October 2017, when his pattern of actively swimming, diving and interacting with staff switched to having increased buoyancy, spending more time logging at the surface, less time interacting with caretakers and breathing more rapidly. These changes, initially attributed to gastrointestinal distress, were likely due to pneumothorax. This was not diagnosed until his second CT scan on 16 November 2017, which revealed a left-sided pneumothorax without evidence of tension (Fig. 7b), resolution of the previous pneumonia and improved but not resolved intracranial ventriculomegaly. Over time, clinical progress was observed as buoyancy decreased, respirations normalized and the pneumothorax spontaneously resolved, as demonstrated in the third CT scan (3 January 2018), which revealed (Fig. 7c) no evidence of pneumothorax or pneumonia as well as resolution of the intracranial ventriculomegaly.

Fig. 7 Select CT scans of stranded beluga calf (Delphinapterus leucas) DL1705 (the patient’s left side is on the right side of the images): (a) peribronchial infiltrates (indicated by ovals) on 12 October 2017; (b) left-sided pneumothorax (P) on 16 November 2017; (c) resolved pneumonia and pneumothorax on 3 January 2018; (d) mild hydrocephalus (indicated by arrows) in the lateral ventricles seen on the initial scan of DL1705’s head, taken on 12 October 2017; the condition improved and finally resolved on subsequent scans.
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Once the calf’s bloodwork and behaviour improved, antibiotics were discontinued on day 25 and antifungals on day 53, though he continued to remain on various gastrointestinal support medications because of recurring problems attributed to the artificial formula. When his activity increased, he needed more space and was moved outside on day 38. While DL1705 successfully recovered from its presenting problems, he was later deemed non-releasable after 97 days of care because of his inability to survive on his own and the risk of recurrence of his pneumothorax. On 9 May 2018, he was transferred to a zoological facility, to live with other belugas, for long-term care.

Discussion

The trauma of the stranding event caused external physical injuries in both calves and likely resulted in pneumonia, a common complication in stranded cetaceans (Bossart et al. 2013). The hard surface of a beach inhibits their chest expansion during inhalation, which can result over time in poor ventilation, carbon dioxide build-up, hypoxia, respiratory acidosis, sequestration of bacteria and, ultimately, poor vascular tissue circulation (Geraci & Lounsbury 1993; Díaz-Delgado et al. 2018; St. Leger et al. 2018; Fahlman et al. 2021). Animals may strand in an unusual orientation, making it difficult for them to adequately raise the blowhole to avoid inhaling water. While an infectious disease likely caused their pneumonia, both calves were negative for diseases of concern (avian influenza, Brucella spp. and morbillivirus) and their respiratory symptoms improved following antibiotic treatment. Additionally, both animals suffered from various gastrointestinal issues, including constipation and gas, which were treated with a combination of formula adjustments adding water, probiotics, laxatives, anti-gas medicine, enzymes and enemas to aid in passage of contents, digestion of formula and minimization of gas build-up. At the time, these problems were attributed to the formula being artificial and the use of antibiotics, both of which can be associated with negative impacts to the gastrointestinal system, including bloat and malabsorption (Seegraber & Morrill 1986; Bell et al. 2011; Heinze et al. 2014; Vangay et al. 2015; Bayne & Edmondson 2020). Additionally, air was visibly introduced during tubing and was audibly being sucked in during nursing. However, DL1705 continued to have intermittent gastrointestinal issues even after antibiotic treatment was discontinued and was weaned to whole fish, suggesting that there may have been additional causes in his case.

DL1202’s greatest challenges likely stemmed from his young age at stranding, minimal time spent with his mother and his apparent prematurity. The calf’s age estimate and assumed prematurity were supported by the original morphological observations, serum chemistry results, behaviour and post-mortem analysis of tissues (Table 1). Based on the initial exam and diagnostic test results, we suspected that DL1202 never nursed and, therefore, did not receive colostrum, containing maternal antibodies. Because cetaceans have epitheliochorial placentation, which prevents the pre-partum transfer of antibodies, this calf was immunocompromised (Ruiz et al. 2009). This failure of passive transfer predisposes neonates such as DL1202 to life-threatening infections (Tizard 1992; LeBert et al. 2017), such as the pathogens associated with his pleuropneumonia, pericarditis, bronchopneumonia and gastrointestinal fungal infections. While no overt signs of stress were observed during the time in rehabilitation, retrospective analysis of DL1202’s serum indicated elevated cortisol (Table 5), distinctly higher than DL1705’s, whose cortisol, while elevated upon admission after stranding, quickly decreased to, and remained at, levels (0.637–2.630 ug/dl) similar to baseline levels (1.80 ± 0.71 ug/dl) in adult belugas in a zoological facility (Schmitt et al. 2010). With the benefit of retrospect, DL1202’s recovery was always less likely than DL1705, though not impossible. Rehabilitating cetacean stranders is always an uphill battle and gets harder and harder the younger they are. Post-mortem analysis of DL1202’s tissues indicated that he was even more premature than initially assumed and had a severe lack of passively acquired antibodies. In light of the particular challenges imposed by this prematurity, the benefits of more aggressive antimicrobial therapy and gastrointestinal support likely would have outweighed the risks of complications, improving his odds of survival. These findings informed our treatment of DL1705, allowing the team to pursue such therapeutic options more confidently.

Some of DL1705’s unique medical concerns included an early natal ecdysis, hydrocephalus and spontaneous pneumothorax.

Beluga calves undergo a post-natal ecdysis or moult at 2–4 months of age (pers. comm., S. Aibel), losing the entire layer of neonatal skin, revealing smooth, intact skin underneath, similar to that seen in southern right whales (Eubalaena australis; Reeb et al. 2005). Less than a week after admission at less than a month of age, DL1705 began sloughing centimetre-thick skin, more than a kilogram a day for several days (Fig. 4). The underlying, newly exposed skin was rough and developed fissures that extended to just above the blubber, suggesting that the skin was not mature. In this case, the ecdysis may have been accelerated by the abrupt change in his physical environment, which included warmer, less saline water, conditions that appear to cause dermatological changes in beluga and other cetaceans (St. Aubin et al. 1990; Duignan et al. 2020; Pitman et al. 2020). Physical trauma by the stranding event, susceptibility of cetacean skin to dehydration (Oh et al. 2015; St. Leger et al. 2018) and the impact of stress on skin condition (Peters 2016) would have further contributed to skin damage. Fortunately, none of the fissures exposed blubber or muscle, and within a few weeks, the thin damaged outermost layer peeled away, revealing smooth, healthy skin.

CT scans were originally pursued to better assess, track and make treatment decisions regarding DL1705’s pneumonia; however, they also revealed two subclinical medical conditions. In addition to pneumonia, the first scan revealed an accumulation of cerebrospinal fluid within the brain, also known as hydrocephalus. This condition can be due to an obstruction caused by congenital defects, infectious diseases, exposure to toxins, other conditions that impair the normal flow or excessive production (de Stefani et al. 2011; Biel et al. 2013). In cetaceans, hydrocephalus has been associated with Brucella spp. infection (St. Leger 2007; Langan 2016), but congenital hydrocephalus has also been reported in a bottlenose dolphin (Tursiops truncates; Corpa et al. 2004) born at a zoological facility where the dolphins were healthy, but testing for Brucella spp. was not pursued. DL1705 tested negative for exposure to Brucella spp. on both serological and molecular assays. DL1705’s hydrocephalus was mild and reduced in size in subsequent scans, suggesting a transient cause, an anatomic anomaly that became less significant as he grew, or a normal variant in beluga calves of that age.

The second CT scan revealed a pneumothorax, which is an abnormal collection of air in the pleural space between the lung and the chest wall that results in collapse of lung tissue. Causes include trauma, iatrogenic complications of medical intervention (i.e., biopsy or needle insertion) and lung disease, or it may occur spontaneously, and can result in chest pain, shortness of breath and a decrease in respiratory efficiency (Zarogoulidis et al. 2014). This condition has been previously reported in cetaceans in association with pulmonary abscesses, fine-needle aspirations and stranding events and can also occur without an identifiable cause (Mueller & Geraci 1977; Brouwer 1981; Walsh & Gearhart 2001; Reidarson 2007; Langan 2009; Fernández et al. 2017; Díaz-Delgado et al. 2018). In afflicted cetaceans, a pneumothorax often results in an abnormal swimming orientation due to altered buoyancy, and they float with the affected side up (Walsh & Gearhart 2001). However, DL1705 did not list to one side and continued to float evenly in the water column. In retrospect, there were clinical signs consistent with a pneumothorax that were originally attributed to other problems. Between the first two CT scans, the calf had become increasingly positively buoyant, riding higher in the water column, consistent with the collection of excessive gas in the gastrointestinal system. This was suspected to be associated with digestive difficulties with the artificial formula and aerophagia resulting from the calf’s inefficient suckling. Also, during this time, an increased respiratory rate (Fig. 3) was attributed to the pain associated with colic but was likely associated with the altered respiratory ability. Following the pneumothorax, on auscultation, there was a notable difference when listening to the affected versus the unaffected lung, which decreased over time and coincided with the body’s reabsorption of the air in the pleural space. A specific inciting cause of DL1705’s pneumothorax was not identified, and it resolved without treatment. However, if the pneumothorax were to recur, this could affect the calf’s ability to dive (Reidarson 2007) and catch food, which was one of the factors that contributed to the non-releasable designation.

DL1705’s audiogram overlapped with Bristol Bay beluga audiograms and was similar to captive belugas with ‘normal’ hearing (Mooney et al. 2018; Mooney et al. 2020), suggesting this animal also had ‘normal’ hearing similar to many other belugas. Initial data impressions indicated that the animal did hear well from 4 to 128 kHz and was particularly sensitive to sounds at 54 and 80 kHz. The animal also heard lower frequencies (4–16 kHz) reasonably well. He seemingly did not hear as high in frequency as some Bristol Bay belugas, but a large portion of that population also only hears up to 120–128 kHz (or lower), similar to DL1705. This range of hearing and its overall sensitivity would suggest the animal could hear communication signals well. It would also be able to detect natural and anthropogenic sounds. The October and December hearing test results were similar, reflecting the consistency of the method and the stability of the animal’s hearing. The two acoustic test results were similar despite moving the tests from the indoor to the outdoor pool, suggesting that both locations provide similar and good locations for a stranded animal’s auditory health. Hearing and acoustics are the primary means that belugas and other odontocetes communicate and investigate their surroundings (Au 1993, 2000); sounds are key to many natural beluga behaviours and interactions (Schevill 1949; Sjare & Smith 1986). The ‘good’ auditory results for DL1705 imply that the animal should develop normally with respect to acoustic behaviour and sensory biology.

After five weeks of care, DL1705 was doing well enough to be taken off antibiotics and moved to an outdoor pool enclosure. Following a formal process by NOAA Fisheries, he was designated non-releasable because of his nutritional and social dependency on human care as well as the risk of recurrence of pneumothorax. A cause for DL1705’s stranding has not been determined as there was no evidence of pre-existing disease or trauma, and he was in reasonable body condition. The calf continues to have periodic gastrointestinal motility disorder, and it is possible that he has an undiagnosed congenital or developmental problem. Being a full-term calf, physically and immunologically robust, likely contributed to DL1705’s successful recovery from problems associated with stranding. Early medical intervention with broader spectrum, more powerful antibiotics, antifungals, fluids and nutritional supplementation, without waiting for the identification of specific pathogens or specific diagnosis, likely also contributed to case success. Familiarity with nursing may have contributed to the calf quickly adapting to bottle feeding, which reduced the need for, and risks associated with, frequent tubing. Finally, the experience of the first case and the depth of expertise of the team made it possible to identify and mitigate problems early.

Conclusions

These cases provided a wealth of information on the beluga populations that the calves originate from and novel information about wild beluga neonates, and produced several notable achievements. Both cases provided the opportunity to investigate diseases of concern (avian influenza, Brucella spp., herpesvirus, cetacean morbillivirus, Neospora caninum, Toxoplasma gondii and Sarcocystis neurona) as well as closely track several physiologic and metabolic parameters of beluga neonates. DL1705 was the first wild beluga calf, and the first beluga from the endangered CI population, to have a hearing test. Additionally, DL1705 provided a unique opportunity to look at beluga calf neonatal anatomy via CT scan and to track changes in skin over time. While DL1202 was the first stranded beluga calf to be cared for in Alaska and survived longer than any other recorded case in the world at the time, DL1705 was the first successful rehabilitation of a stranded beluga calf. Once thought to be close to impossible, these cases demonstrate the ability to care for and, in DL1705’s case, rehabilitate stranded beluga calves, providing another tool to assist in the conservation of endangered populations.
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