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Abstract

Beluga whales (Delphinapterus leucas) from Cook Inlet (CI), Alaska, are listed as “endangered” because of dramatic declines in abundance, with no indications of population recovery. Serum samples from this population are exceedingly rare. Longitudinal samples from aquarium (AQ) belugas can potentially provide health assessment reference ranges for free-ranging beluga, including reproductive and metabolic hormones. We analysed serum hormone concentrations from CI (n = 6, three females and three males) and Bristol Bay (Alaska; BB; n = 5, four males and one female), alongside AQ (n = 3, two females and one male) belugas, to conduct physiological comparisons of reproductive hormones (progesterone, testosterone and total oestrogens) and metabolic hormones (total thyroxine, triiodothyronine and cortisol) in beluga serum. Oestrogen and progesterone profiles from January through May from two AQ female beluga were typical of non-pregnant, cycling females. CI and BB sex steroid concentrations were within AQ hormone ranges, with the exception of elevated progesterone concentrations in four potentially pregnant females. Both CI and BB belugas had elevated metabolic hormones, which may indicate greater metabolic effort required in the wild environment or capture response. Because sample collection from CI belugas is rare, analysis of even the few samples that we analysed may contribute to the conservation of the small and declining population of genetically distinct CI beluga whales. It is important that each sample collected from free-range CI belugas provides the maximum biological information possible. Continued comparison of hormones in AQ and free-ranging beluga will enhance the interpretation of health data in both groups.
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Introduction

Interpreting the effects of endocrine disruptors in the environment on wildlife has highlighted the need to include hormone analyses in health assessments in beluga whales (Kavlock et al. 1996; Vos et al. 2000). The International Whaling Commission recognizes 29 beluga stocks, and five of these stocks inhabit Alaskan waters (International Whaling Commission 2000). The endangered CI beluga whales are a genetically distinct population facing potential extirpation because of their small population size and lack of knowledge about what factors restrict population recovery (O’Corry-Crowe & Lloyd 1997; O’Corry-Crowe 2002; Mosnier et al. 2015). Aerial surveys since 1993 conducted by the National Marine Fisheries Service estimate a 50% decrease in the CI population between 1994 (635 whales) and 1998 (347 whales; Hobbs et al. 2000; Hobbs et al. 2008). The CI beluga population continues to decline for reasons that are not fully understood (Angliss & Outlaw 2005; Shelden & Wade 2019).

In 2000, the CI beluga whale population was designated as depleted under the Marine Mammal Protection Act (65 FR 34590) and recognized as a Distinct Population Segment, under section 3(15) of the Endangered Species Act in 2000 (65 FR 38778), where it is currently listed as endangered (73 FR 62919, 22 October 2008; O’Corry-Crowe et al. 1997; Angliss & Outlaw 2005). Aerial surveys from 1978 to 2007 showed that the population’s range receded to the upper inlet (Hobbs et al. 2008; Rugh et al. 2010), and annual population estimations derived from the index counts of aerial surveys indicate population lows of 278 and 279 beluga whales in 2005 and 2018, respectively. A recent 10-year population trend indicates a decrease of 2.3% per year (Shelden & Wade 2019), and population viability analyses indicate a risk of extinction between 0 and 14% in the next 100 years (Hobbs et al. 2015; NMFS 2016).

Year-round residency in CI (Rugh et al. 2005; Rugh et al. 2010; Shelden et al. 2015), as well as geographic and genetic isolation from BB beluga whales, makes the CI population vulnerable to anthropogenic and environmental pressures. The CI beluga whale recovery plan (NMFS 2016) lists 10 types of threats to CI beluga, including (1) reduction in prey, (2) pollution, (3) disease, (4) noise, (5) habitat loss or degradation, (6) subsistence hunting, (7) predation, (8) unauthorized take, (9) catastrophic events (natural disasters, spills and mass strandings) and (10) cumulative or synergistic effects of multiple stressors. Whilst only three of these threats (noise, catastrophic events and cumulative and synergistic effects of stressors) warranted a high relative concern, they are all difficult to define, monitor or manage. Given the depleted status of this population, along with increases in human population growth and human activity in the nearby Municipality of Anchorage and Matanuska-Susitna Borough, AK, an increase in anthropogenic and/or environmental pressures could profoundly affect CI beluga whales.

AQ beluga whales can serve as a control population that is relatively free from anthropogenic and environmental stressors, and it is a common practice to compare these animals to free-ranging belugas, which are difficult to access (Cornell et al. 1988; Atkinson & Yoshioka 2007; Robeck et al. 2015). The use of AQ belugas provides a unique opportunity to use hormonal analyses for assessing physiological states of free-ranging belugas (Thompson et al. 2014; Flower et al. 2015), including serial sampling of known individuals with known reproductive histories to provide longitudinal profiles and reference ranges for reproductive or metabolic hormone concentrations (Spoon & Romano 2012). Using AQ beluga whales to provide benchmark concentration ranges is one method researchers use to overcome the challenges of collecting samples from free-ranging marine mammals (Pietraszek & Atkinson 1994; Mansour et al. 2002; Mashburn & Atkinson 2004, 2007; Kellar et al. 2006; Richard, Robeck et al. 2017; Legacki et al. 2020). Our overall goal was to analyse reproductive and metabolic hormones from AQ and free-ranging beluga whales. Specific objectives were to (1) use longitudinal serum sampling to establish a reference range of concentrations for three reproductive and three metabolic endocrine parameters from AQ beluga whales and (2) determine if CI and BB beluga endocrine concentrations fell within ranges established in AQ belugas. Although our sample is very small, findings from this work may contribute to the establishment of benchmark values in long-term health assessment protocols.

Methods

Animals

Serum samples were collected from three trained AQ adult beluga whales (one male and two females) housed at the Mystic Aquarium, Mystic, CT, in order to compare hormone measurements with wild whales (Table 1). The belugas were housed in a 750 000-gallon outdoor habitat with ongoing veterinary care and training for routine husbandry and handling for preventive health care and biological sampling. The male and females were not kept separated, except for short periods to facilitate routine husbandry procedures. All three belugas were collected from the wild with estimated ages of 26 years at the time of the study. The two AQ female belugas were not pregnant during the study. Morning sample collections were attempted twice weekly from the females and monthly from the male, from January to May 2006, which has historically been considered the pre-breeding season for these belugas. Samples were centrifuged immediately after collection and stored frozen at −20°C until assay.




Table 1Beluga whale location, sex, estimated age class, body length and number of samples collected from each animal.


	Beluga whale ID
	Sampling location
	Sex
	Estimated age classa
	Body length (cm)
	Total samples collected





	Whale 1
	Mystic
	F
	A
	360
	25



	Whale 2
	Mystic
	F
	A
	360
	20



	Whale 3
	Mystic
	M
	A
	<448b
	8



	CI02
	Cook Inlet
	F
	S
	340
	1



	CI03
	Cook Inlet
	F
	A
	367
	1



	CI05
	Cook Inlet
	M
	S
	390
	1



	CI06
	Cook Inlet
	M
	S
	355
	1



	CI07
	Cook Inlet
	F
	A
	374
	1



	CI08
	Cook Inlet
	M
	A
	375
	1



	BB01
	Bristol Bay
	M
	A
	418
	1



	BB02
	Bristol Bay
	F
	A
	325
	1



	BB03
	Bristol Bay
	M
	A
	348
	1



	BB04
	Bristol Bay
	M
	A
	414
	1



	BB05
	Bristol Bay
	M
	A
	371
	1



	aAdult (A), subadult (S).
bLength recorded closest to the year of sampling.





Serum samples were collected from six free-ranging CI belugas (three males and three females) and five free-ranging BB belugas (four males and one female), during capture and tagging procedures in 2002 and 2003 (Table 1; Shelden et al. 2018). CI whales were sampled in July and August 2002, and BB whales in May 2003. Blood samples were collected from the fluke veins within 30 minutes from the time of capture and prior to the attachment of satellite tags. Blood samples were kept on ice until centrifuged within six hours of collection, and the serum was frozen at −20°C until assay.

Hormone assays

Radioimmunoassays for three reproductive hormones—progesterone (Siemens Healthcare Diagnostics, Los Angeles, CA), testosterone and total oestrogen (MP Biomedicals, Solon, OH) and three metabolic hormones—TT4, TT3 and cortisol (Siemens Healthcare Diagnostics, Los Angeles, CA)—were analysed to assess their precision and accuracy for quality control purposes in beluga whale serum, following procedures previously used in other marine mammals (Atkinson et al. 1999; Oki & Atkinson 2004; Mashburn & Atkinson 2004, 2007; Myers et al. 2006; Villegas-Amtmann et al. 2009). Briefly, serial dilutions of pooled samples were run in each assay to determine pool displacement relative to the standard curve. Assay accuracy was determined by combining 50% of the total sample volume of a known standard mass of hormone with 50% of a pooled sample and run in an assay.

All samples for each assay were run, in duplicate, according to the manufacturer’s instructions on extracted serum in a single assay (n = 1 assay per hormone) to eliminate inter-assay variation. Intra-assay variation was 5% or less for each assay for each of two internal controls. All samples in each assay fell within the 20–80% binding range, and the coefficients of variation for the sample duplicates were all below 10%. Therefore, a single assay was performed for each hormone. In all cases, the sample volume was identical to the volumes of standards as specified by the manufacturer. See the Supplementary material for the cross-reactivities of antisera used in each assay, as provided by the manufacturer.

Data analysis

Hormone concentrations were determined after a log-logit transformation of the standard curve (Rodbard 1974). Hormones were plotted as concentration (y axis) versus date (x axis) from samples collected from January to May. From January to April, the AQ female belugas were considered in the pre-breeding season for this study, which equates to the follicular phase of the oestrous cycle (Katsumata 2010; Steinman et al. 2012). The luteal phase commenced with the first rise in progesterone, which could occur prior to April and indicates ovulatory activity (Robeck et al. 2005; Katsumata 2010; Steinman et al. 2012). Concentrations were plotted similarly for the AQ male from samples collected from January to the end of May. Breeding season hormone (oestrogen, testosterone and progesterone) concentrations, as well as metabolic hormones (TT4, TT3 and cortisol), were calculated for both female and male BB and CI belugas between April and August; these samples equate to the months when oestrous cycles occur in this species (Katsumata 2010; Robeck et al. 2010; Steinman et al. 2012). Because the sample size was too small, statistical comparisons amongst groups (AQ, BB and CI) were not feasible. Therefore, differences and similarities amongst groups (AQ, BB and CI) are presented qualitatively.

Results

For each assay, sample pools were serially diluted 1:2 and run as samples against the manufacturer’s standard curve. Displacement parallel to that of the standard exhibited by the serially diluted pools was taken as evidence of parallelism. Interference with assay accuracy and precision by the sample media were tested for each hormone assay by adding a dilution of each sample pool that had exhibited 50% binding in the previous parallelism test and running 50/50 sample volume pool/0 mass standard to determine pool mass. This 50/50 sample volume pool was repeated for each of the manufacturer’s standards, and all 50/50 samples were run, along with a normal standard curve, in duplicate as a normal assay. At the end of the assay, pool mass was subtracted from total calculated mass concentrations of the 50/50 sample pool/manufacturer’s standards and plotted for regression analysis. A slope of 1.0 and r
2 = 0.99 was considered ideal, with the x axis labelled as the standard added and the y axis was the standard measured after subtracting the mass of the pool. For all assays, displacement by the pools proved parallel, and there was little to no interference from the sample medium (Table 2). This was taken to indicate that the analytical quality control for all assays tested was achieved.




Table 2Quality control procedures for six radioimmunoassays utilized with AQ and free-ranging beluga whales. All sample pools exhibited displacement parallel to that of the standard curves in each of the assays.


	Assay hormone
	Standard ranges
	Assay accuracy
	Assay sensitivity





	Progesterone
	0.05–40.0 ng/ml
	y = −0.06 ± 0.95x; r2 = 0.99
	0.04 ng/ml



	Total oestrogens
	1.25–100 pg/ml
	y = −0.49 ± 1.34x; r2 = 0.99
	1.07 pg/ml



	Testosterone
	0.06–10.0 ng/ml
	y = −0.02 ± 1.18x; r2 = 0.99
	0.05 ng/ml



	Cortisol
	5.0–500 ng/ml
	y = 0.12 ± 1.06x; r2 = 0.99
	5.0 ng/ml



	TT4

	5.0–240 ng/ml
	y = 0.19 ± 0.81x; r2 = 0.99
	4.7 ng/ml



	TT3
	0.1–6.0 ng/ml
	y = 2.07 ± 1.06x; r2 = 0.99
	0.14 ng/ml





Reproductive hormones

Total oestrogen concentrations from AQ female belugas during the pre-breeding season were typical of non-pregnant cetaceans, reflecting ovulatory events (Fig. 1). The end of the follicular phase was marked by a pre-ovulatory rise in total oestrogen in AQ female belugas (Fig. 1a), just prior to a progesterone increase, indicating ovulation (Fig. 1). AQ female beluga concentrations of testosterone were non-detectable, or at the limit of detection, for the duration of the sampling period (data not shown).

Fig. 1Concentrations of serum progesterone (ng/ml) and total oestrogens (pg/ml) from two AQ adult female beluga whales. All samples were collected between January and May. Note that the scales are different for the two female belugas.
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The single AQ male exhibited an increase in both testosterone and progesterone levels, with a concomitant decrease in oestrogen after January (Fig. 2). Beginning in February, both testosterone and progesterone concentrations showed a parallel gradual decrease over the pre-breeding and early breeding seasons, with a return to the initial concentrations (observed in January) by mid-May (Fig. 2). Testosterone concentrations in the AQ male beluga were an order of magnitude higher than progesterone concentrations over the same time period (Fig. 2). This pattern coincided with 60–75% reduction in total oestrogen concentrations following the January sample (Fig. 2). Whilst this difference is visible, the small sample size precludes robust statistical analysis.

Fig. 2Monthly concentrations of testosterone (ng/ml), progesterone (ng/ml) and total oestrogens (pg/ml) from an AQ adult male beluga whale. All samples were collected between January and May.
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Mean progesterone concentrations were elevated in both the CI and the BB female belugas compared to those of the AQ females and all males, either during the pre-breeding (January to April) or breeding seasons (post-April) and likely were indicative of pregnancy (Fig. 3a). Mean total oestrogen concentrations did not appear different between any of the belugas (Fig. 3b). There were no apparent differences between the mean testosterone concentrations between any groups of male beluga whales (Fig. 4).

Fig. 3Median and percent quartiles (10–90%) of concentrations of (a) progesterone (ng/ml) and (b) total oestrogens (pg/ml) in AQ and free-ranging beluga whales. The concentrations for AQ whales were divided into pre-breeding (January–March) and breeding (April–June) seasons. Comparison of AQ, BB and CI for both male (M) and female (F) beluga whales in the pre-breeding (pre) and breeding seasons. The number of samples for each is indicated (n).
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Fig. 4Median and percent quartiles (10–90%) of concentrations of testosterone (ng/ml) from AQ and free-ranging beluga whales. The concentrations for AQ whales were divided into pre-breeding (January–March) and breeding (April–August) seasons. Comparison of AQ, BB and CI for both male (M) and female (F) beluga whales in the pre-breeding (pre) and breeding seasons. The number of samples for each is indicated (n).
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Metabolic hormones

AQ beluga whales exhibited a high degree of variability in TT4 during the pre-breeding and breeding seasons (Fig. 5). Samples from AQ females during the designated breeding season had the highest TT4 concentrations of the three AQ belugas (AQ females = 54.22 ± 1.74 ng/ml; AQ male = 42.75 ± 9.55 ng/ml). CI and BB males had the highest mean (±SEM) circulating concentrations of TT3 (CI = 1.61 ± 0.16 ng/ml; BB = 1.28 ± 0.08 ng/ml) and TT4 (CI = 54.82 ± 10.44 ng/ml; BB = 102.45 ± 8.56 ng/ml; Fig. 5). TT3 in the CI males was over double the concentration for the AQ animals (0.77 ± 0.05 ng/ml), and TT4 in BB males was over double the concentration found in the AQ animals (40.22 ± 2.84 ng/ml). The potentially pregnant free-ranging females had concentrations of TT3 (CI = 1.07 ± 0.13 ng/ml; BB = 0.88 ng/ml) and TT4 (CI = 34.27 ± 2.021 ng/ml; BB = 55.60 ng/ml) in the range of the AQ whales.

Fig. 5Median and percent quartiles (10–90%) of concentrations of (a) TT3, (b) TT4 and (c) cortisol in AQ and free-ranging beluga whales. The concentrations for AQ whales were divided into pre-breeding (January–March) and breeding (April–June) seasons. Comparison of AQ, BB and CI for both male (M) and female (F) beluga whales in the pre-breeding (pre) and breeding seasons. The number of samples for each is indicated (n).
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Mean (±SEM) cortisol concentrations for both the CI and BB female (CI = 41.70 ± 1.00 ng/ml; BB = 53.60 ng/ml) and male beluga (CI = 62.43 ± 3.34 ng/ml; BB = 63.83 ± 9.64 ng/ml) were over double those of AQ beluga whales (females 14.57 ± 1.48 and 12.34 ± 1.89 ng/ml for pre-breeding and breeding, respectively; males 19.47 ± 2.12 and 16.75 ± 0.05 ng/ml for pre-breeding and breeding, respectively; Fig. 5). There were neither apparent differences between CI and BB whales nor clear differences between the designated pre-breeding and breeding seasons with the AQ whales (Fig. 5).

Discussion

The longitudinal collection of serum samples from three AQ beluga whales and quality control tests of technique accuracy and precision allowed for the measurement of six endocrine parameters. This study used AQ beluga endocrine concentration ranges as a qualitative index for individual samples collected from free-ranging beluga whales from two populations in Alaska, including the endangered CI population. Health assessments for small or declining marine mammal populations need to consider the factor(s) that limit or restrict the growth of the population or threats that may keep the population small (Coulson et al. 2001; Oli & Dobson 2003; Atkinson et al. 2019). Comparative studies are useful in determining natural physiological variability and can help validate predictive models. For example, calving intervals are estimated to be two to three years, with a gestation length of more than one year in belugas from the eastern Chukchi Sea (Suydam 2009). In the case of CI beluga whales, the potential threats of highest concern are the cumulative or synergistic effects of multiple stressors (NMFS 2016), and studies focused on risk factors such as contaminants suggest a resulting decrease in reproductive success (Becker et al. 2000). Multiple stressors, and combinations thereof, can act differently based on the overall health or reproductive status of individual marine mammals (Atkinson et al. 2015), and perhaps the greatest contribution of the present study was our access to serum samples from CI belugas. Whilst the sample size was small (n = 6), those samples represent approximately 2% of the surviving population, which is substantial. This population has been sampled less than once every decade, enhancing the value of these samples for designing future studies.

Historically, samples from AQ belugas have assisted in the development of basic health assessment parameters, such as haematology, serum chemistry (Cornell et al. 1988) and hormonal profiles (Steinman et al. 2012; Thompson et al. 2014; Flower et al. 2015; Richard, Dunn et al. 2017; Legacki et al. 2020), which have been used as an index for free-ranging beluga whales (St. Aubin et al. 2001; Robeck et al. 2018). The use of AQ belugas as a control population to establish reference ranges has both advantages and disadvantages. Advantages include the use of whales that come from stable environments, are typically in good health, with low or absent parasite loads and are trained for non-invasive biological sampling, which results in reduced stress responses in comparison to free-ranging cetaceans (St. Aubin & Geraci 1988; Desportes et al. 2007). These characteristics allow AQ beluga samples to serve as an index or reference for measurements of physiological parameters that can be used for free-ranging belugas, such as those in CI and BB. Disadvantages include (1) the difficulty of statistical comparisons with small sample sizes from both AQ and free-ranging animals from small or declining populations; (2) AQ belugas and statistical comparisons using repeated samples against single point samples from free-ranging populations; and (3) the reality that AQ animals typically do not experience the rigours of the free-ranging environment and, therefore, may not be representative of the physiology of their free-ranging counterparts (Atkinson et al. 2015). In addition, the collection of samples from pregnant AQ belugas, however scientifically valuable, may be neither routinely nor commonly collected. Thus, this study took advantage of the opportunity to access samples from both AQ and free-ranging beluga whales.

Determining the magnitude of effects on beluga populations from multiple risk factors requires assessments of, and an increase in our understanding of, their reproductive biology. Fortunately, an increasing number of studies have focused on reproductive rates, or the hormonal sequence that controls these rates, for both free-ranging and AQ beluga whales (Høier & Heide-Jørgensen 1994; Katsumata 2010; Robeck et al. 2010; Steinman et al. 2012; Hansen et al. 2017; Goertz et al. 2019; Shelden, Burns et al. 2019; Shelden, Robeck et al. 2019), allowing managers to assess population viability with greater accuracy. Serum progesterone concentrations during an eight-year sampling period in one AQ non-pregnant female beluga range 0.1–15.7 ng/ml (Katsumata 2010). In a study encompassing 35 AQ whales, Robeck et al. (2005) found that the mean luteal phase progesterone concentration was 1.3 ± 0.4 ng/ml, with 70.4% of these luteal phases occurring March through May. Twenty beluga whales in that study exhibited two ovulatory events during the breeding season (Robeck et al. 2005), and AQ beluga whales were determined to be facultative-induced ovulators (Steinman et al. 2012). The mean of the highest progesterone concentrations during the luteal phase for the AQ females in the present study (Fig. 1), as well as the BB whales, fell within the range cited by Katsumata (2010), whereas the CI beluga whales exhibited concentrations well above either group. It is important to note, however, that the assay systems employed in the present study were not the same as those used in Katsumata’s study, and any concentration differences could potentially be attributed to differences in methodology and should be interpreted with caution. Moreover, the sampling period for the AQ belugas in the present study weas in the spring (January to May) and not during late July/early August for the CI beluga whales. Because the late summer and early fall coincide with the period for Alaskan beluga pregnancies, the high concentrations may represent pregnant females. Høier & Heide-Jørgensen (1994) found that pregnant female free-ranging belugas exhibited a concentration of 9.3 ng/ml. In our study, possible comparisons of progesterone concentrations in AQ whales to free-ranging whales, which included luteal and follicular phases but not pregnancy, led us to conclude that the free-ranging females were most likely pregnant. However, the low sample size precludes definitive statements about reproductive status or determining threshold concentrations for progesterone to be used for pregnancy detection in free-ranging belugas.

The AQ male beluga exhibited the most variable concentrations of testosterone in January (mean = 3.51 ± 3.51 ng/ml). This is similar to concentrations reported by Robeck et al. (2005). Concentrations for the month of February were much more tightly clustered (mean = 5.34 ± 0.72 ng/ml) and continually decreased until reaching non-breeding season concentrations of approximately 0.44 ng/ml. Of interest in the AQ male, the increased testosterone concentration in January coincided with a parallel progesterone profile that was approximately half the concentration (7 ng/ml vs. 3.5 ng/ml). There was also a decrease in total oestrogens, which could potentially reflect a seasonal aromatase suppression, preventing the conversion of androgens to oestrogens (Atkinson & Yoshioka 2007; Robeck et al. 2018). However, the small sample size means that we cannot rule out that the increase in oestrogen we observed in January could be an outlier. Because sample collection from free-ranging animals is rare, the ability to observe biosynthetic and metabolic changes associated with hormones and their precursors within these wild populations is exceedingly difficult, which serves to underscore the importance of data collected from AQ animals for use as a reference index.

There have been several studies of beluga metabolic hormones and thyroid and adrenal gland functions in response to potentially stressful environments and events, including capture and handling (St. Aubin & Geraci 1988, 1992; Spoon & Romano 2012; Flower et al. 2015; Hansen et al. 2017), in response to organohalogenated contaminants (De Guise et al. 1995; Villanger et al. 2011) and in response to diurnal variation (Schmitt et al. 2010). Whilst it is not usually advisable to compare absolute concentrations of hormones from different assays (Atkinson et al. 2015), the availability of reference hormonal biological parameters is very helpful to qualitatively ascertain the physiological state of animals (St. Aubin et al. 2001). There were highly variable concentrations of TT3 and TT4 at different sampling times between all groups of belugas, with the BB and CI males having the highest concentrations of TT3 and TT4, respectively. This is consistent with the thyroid gland being sensitive to both internal and external environments (St. Aubin et al. 2001; Schmitt et al. 2010). Cortisol concentrations in the free-ranging belugas were also elevated above AQ whales. Although interpreting these hormone concentrations is limited by the small sample size, the data appear to agree with several factors: the rigours of living in a free-range environment necessitate a metabolically and physically active way of life that may include substantial time foraging whilst dealing with potential or perceived threats to the individual’s survival (Atkinson et al. 2015). Conversely, the stable and controlled AQ environment does not require animals to search or hunt for food and does not necessarily require large energetic outputs, which is reflected in their reduced metabolic hormones (Ortiz et al. 2000; Desportes et al. 2007). The lack of apparent differences in cortisol concentrations between male and female free-ranging belugas could reflect the need for both sexes to deal with the potential or perceived stressors in the wild, or it may be an artifact induced by the capture and handling of whales prior to blood sample collection; it could also be influenced by age, reproductive status or season.

Conclusions

The advantages of health assessments for small or declining populations are numerous, and access to even a few samples from the CI beluga population is a rare and unique opportunity. Wildlife managers are sometimes familiar with individuals in small populations, allowing for details of their life history events to be taken into consideration in health assessments of an individual or the overall health of the population. Reproductive status is clearly an important determinant, in which poor reproductive success is a primary cause of population declines. Likewise, the cumulative or synergistic effects of multiple stressors in an individual’s internal or external environment can dictate the ability of a small population to thrive. Access to AQ beluga whales, where multiple or longitudinal sampling was combined with the ability to get snapshot samples from free-ranging belugas, some of which are currently listed as endangered, will enable resource managers to improve and increase options for protecting the small and declining population of genetically distinct CI beluga whales. It is important that each limited sample collected from free-range belugas provides the maximum biological information possible. Interpretation of data improves as more information is gathered, and the accuracy of analyses is enhanced over time. This is especially important in the case of severely limited populations, where samples from individual animals constitute a significant segment of that population. This study provides concentrations for multiple physiological markers in CI and BB belugas in addition to the longitudinal concentrations from AQ belugas, which will be useful in developing reference ranges and ensuring accurate definition of physiological status of single-point samples from free-ranging beluga whales, from which samples are exceedingly rare.
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