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REFERENCE RANGES AND AGE-RELATED AND DIVING

EXERCISE EFFECTS ON HEMATOLOGYAND SERUM

CHEMISTRY OF FEMALE STELLER SEA LIONS

(EUMETOPIAS JUBATUS)

Carling D. Gerlinsky, M.Sc., Martin Haulena, D.V.M., M.Sc., Dipl. A.C.Z.M., Andrew W. Trites,

Ph.D., and David A.S. Rosen, Ph.D.

Abstract: Decreased health may have lowered the birth and survival rates of Steller sea lions (Eumetopias

jubatus) in the Gulf of Alaska and Aleutian Islands over the past 30 yr. Reference ranges for clinical hematology

and serum chemistry parameters needed to assess the health of wild sea lion populations are limited. Here, blood

parameters were serially measured in 12 captive female Steller sea lions ranging in age from 3 wk to 16 yr to

establish baseline values and investigate age-related changes. Whether diving activity affects hematology

parameters in animals swimming in the ocean compared with animals in a traditional aquarium setting was also

examined. Almost all blood parameters measured exhibited significant changes with age. Many of the age-related

changes reflected developmental life history changes, including a change in diet during weaning, an improvement

of diving capacity, and the maturity of the immune system. Mean corpuscular hemoglobin and mean corpuscular

volume were also higher in the ocean diving group compared with the aquarium group, likely reflecting responses

to increased exercise regimes. These data provide ranges of hematology and serum chemistry values needed to

evaluate and compare the health and nutritional status of captive and wild Steller sea lions.

Key words: Diving, Eumetopias jubatus, hematology, marine mammal, serum chemistry, Steller sea lion.

INTRODUCTION

Hematology and serum chemistry analyses are

well-established diagnostic tests that help evalu-

ate several health parameters including inflam-

mation, hydration, nutritional status, and organ

function. However, accurate interpretation re-

quires having species-specific reference ranges

obtained from populations known to be healthy.

These data can be difficult to obtain from wild

animals because undocumented health and nutri-

tional issues can alter normal values. Animals

maintained at public display aquaria are repre-

sentatives of wild populations, and they can

provide such data because their ages are known,

and their health and nutritional statuses are well

monitored.

Several studies have used hematology and

serum chemistry as indicators of health status in

wild pinnipeds.5,9,13,15,16,20,34 They have yielded ref-

erence ranges for several phocid (‘‘true’’ seal)

species,1,9,22,25,36,37 but fewer ranges for otariids

(sea lions and fur seals), which are likely physio-

logically distinct from phocids.

For Steller sea lions (Eumetopias jubatus), some

hematology and serum chemistry values have

been published for wild and rehabilitated pups12

as well as for young, free-ranging Steller sea

lions.5,20,24 However, whether these values reflect

a normal range is unclear, because the health

status of these young wild individuals was un-

known. There are also no reference ranges

published for older, known-age Steller sea lions.

The lack of such values for older animals is

critical, because age-related changes may occur

in reference values due to developmental life

history changes, including a change in diet during

weaning, an improved diving capacity, and the

maturity of the immune system. Steller sea lions

have a long developmental period, and young can

wean from 1 to 3 yr,4,32 gradually incorporating

fish into their diet while still drinking milk.

Switching from a diet high in fat (mother’s milk)

to a diet higher in protein (fish) will potentially

impact serum chemistry parameters. Diving be-

havior also changes with age and is likely facili-

tated by changes in hematology parameters that

increase blood oxygen storage capacity.23
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Significant declines in Steller sea lion and other

pinniped populations in Alaska6,29,30 accentuate

the need for healthy reference ranges for compar-

ative studies of animals in the wild. Steller sea lion

populations in Alaska have experienced signifi-

cant population declines since the 1970s.30 Several

theories have been proposed to explain the

decline of Steller sea lion populations, including

predation, disease, parasites, and nutritional

stress,3,6,31 many of which may affect hematology

and serum chemistry parameters. The use of

hematology and serum chemistry as a tool in field

and captive studies investigating potential causes

for the decline of Steller sea lions requires age-

specific reference ranges for accurate interpreta-

tion of results.

The objective of the study was to report healthy

reference ranges, and changes with age, in hema-

tology and serum chemistry parameters of cap-

tive-raised female Steller sea lions living under

human care. How diving activity affected hema-

tology parameters was also examined by compar-

ing adult female nondiving aquarium individuals

with sea lions that were regularly engaged in

open-ocean research diving activities. Results

from this study aid in establishing reference

values for this species and help to determine the

health status of wild populations of Steller sea

lions as well as individuals under human care.

MATERIALS AND METHODS

Animal subjects

Multiple blood samples were taken from 12

captive female Steller sea lions between June 1997

and October 2013 (Table 1). Individual animals

were serially sampled 1 to 16 times per year from

about 1 wk of age up until they were 5–16 yr old

(Table 1) for routine clinical monitoring or as part

of ongoing research projects. Any samples ob-

tained when the animals did not seem healthy or

within 1 mo of inclusion into research that might

impact physiologic status were not included in

this study, leaving 625 samples in total taken over

16 yr. Data were separated into four age groups,

based on natural life history stages, with an

additional division at 3 mo representing the early

weaning date of the captive animals (all animals

were weaned at the same age of 3 mo). Newborn

pups ranged in age from 0 to 3 mo (mean¼7.6 wk,

n¼ 53 blood samples), weanlings from 3 to 12 mo

(mean ¼ 6 mo, n ¼ 47), juveniles from 1 to 4 yr

(mean¼ 2.5 yr, n¼ 166), and adults from 4 to 15.8

yr (mean ¼ 7.4 yr, n ¼ 359). Not all parameters

were measured for each sample obtained, result-

ing in varying sample size between parameters

and age groups (Table 2).

All animals were captured as pups (;2–4 wk

old) from the Scott Islands (Triangle Island and

Maggot Island) located north of Vancouver Is-

land, British Columbia, and were brought to the

Vancouver Aquarium to take part in a long-term

research project under animal care permits from

the University of British Columbia and the

Department of Fisheries and Oceans, Canada.

The sea lions were fed an artificial milk formula

that approximated maternal milk (Zoologic Milk

Matrix 30/55, PetAG, Hampshire, Illinois 60140,

USA) for between 2 and 3 mo. Weaned animals

were fed a diet of various fish and squid species,

although the predominant base of the diet was

Pacific herring (Clupea pallassi). Animals were

normally fed to satiation within handling and

training constraints.

Table 1. Birth year (year sampling began), oldest age blood samples were collected, total samples collected,
and the year female Steller sea lions began diving at the Open Water Research Laboratory, University of British
Columbia, Canada.

Animal ID Birth year Oldest age sampled (yr) Year began diving Total samples (samples while diving)

F97SI 1997 15.8 2003 54 (21)

F97HA 1997 15.8 2005 54 (15)

F00BO 2000 13.2 2003 49 (27)

F00YA 2000 13.2 2008 58 (11)

F00TS 2000 9.6 — 44

F00ED 2000 8.2 — 39

F03AS 2003 10.4 — 68

F03IZ 2003 10.4 — 66

F03RO 2003 10.4 — 63

F03WI 2003 10.4 — 75

F03MA 2003 5.4 — 21

F03NU 2003 5.8 — 34

GERLINSKY ET AL—HEMATOLOGY OF STELLER SEA LIONS 19



Table 2. Age-related changes in hematology and blood chemistry of Steller sea lions. Mean and SD, number of
samples (n), minimum, median, maximum, and 95% range (0.025–0.975 quantile) are presented for pups (0–3 mo),
weanlings (3–12 mo), juveniles (1–4 yr), and adults (.4 yr).

Parametera Age group Significanceb n Mean SD Minimum
Lower
95% Median

Upper
95% Maximum

RBC count

(3 1012/L)

Pup B 52 3.76 0.53 2.94 2.97 3.68 4.9 5.16

Weanling B 47 3.89 0.35 3.29 3.33 3.88 4.48 4.51

Juvenile A 163 4.26 0.34 3.36 3.64 4.26 4.78 5.14

Adult A 359 4.28 0.33 3.4 3.6 4.3 4.91 5.2

Hemoglobin

(g/L)

Pup D 52 133 18 101 110 129 177 182

Weanling C 47 142 15 109 120 138 169 173

Juvenile B 163 147 15 109 121 148 177 184

Adult A 359 152 14 110 125 151 179 204

Hematocrit Pup C 52 0.39 0.05 0.28 0.31 0.37 0.5 0.55

Weanling C 47 0.4 0.04 0.31 0.34 0.39 0.48 0.49

Juvenile B 163 0.43 0.04 0.32 0.35 0.43 0.51 0.53

Adult A 359 0.44 0.04 0.31 0.35 0.44 0.52 0.6

Mean corpuscular

volume (fl)

Pup A 52 103 5 93 94 103 112 117

Weanling A 46 105 5 93 95 106 112 113

Juvenile B 163 100 6 83 87 101 111 113

Adult A 359 103 6 88 92 102 113 120

Mean corpuscular

hemoglobin (pg)

Pup B 52 35.6 1.9 31 31.7 35.7 38.8 40.3

Weanling A 46 36.7 2.1 31.2 32.8 37.3 39.3 40.2

Juvenile C 162 34.6 2.3 29.2 29.9 34.5 38.8 39.8

Adult B 359 35.5 2 29.5 31.8 35.6 39.3 41

Mean corpuscular

hemoglobin

concentration

(g/L)

Pup AB 52 346 12 316 318 345 369 374

Weanling A 47 351 8 330 333 350 366 368

Juvenile B 163 345 9 318 329 345 361 370

Adult A 359 347 7 320 333 347 362 367

RBC distribution

width (%CV,

P ¼ 0.060)

Pup A 52 17.1 3.9 7.8 8.2 17.7 22.3 22.7

Weanling A 47 15.9 2.7 9.5 9.8 16.7 19 20.6

Juvenile A 163 16.7 2.6 7.2 9.1 16.7 21.6 25.5

Adult A 359 16.8 1.6 13.7 14.1 16.7 19.8 23

Platelets

(3 109/L)

Pup B 47 359 132 24 70 370 541 569

Weanling A 46 445 104 260 291 435 647 697

Juvenile B 163 363 79 78 248 346 527 551

Adult C 359 294 65 62 168 290 430 532

Mean platelet

volume (fl)

Pup A 39 11.4 2.2 9 9 11 17 17

Weanling B 39 9.8 1.5 8 8 9 13.1 15

Juvenile B 158 9.5 1.2 7 8 9 12 13

Adult B 359 9.5 1.4 7 7.4 9.1 12.9 13.8

WBC count

(3 109/L)

Pup A 50 11.6 3.7 2.6 4 11.6 19.2 19.5

Weanling B 47 8 3.1 3.8 4.1 7.2 14.5 15.6

Juvenile D 163 5.5 1.6 3.3 3.5 5.2 8.7 13.9

Adult C 359 6 1.5 3.1 4.3 5.7 9.7 14.9

Neutrophils

(3 109 L�1)

Pup A 44 8.2 3.6 0.6 1.1 8.2 15.3 17.8

Weanling B 44 5.5 2.6 2.2 2.4 4.9 11.5 12.6

Juvenile C 152 3.6 1.2 1.9 2.1 3.3 6.4 9.5

Adult C 357 3.7 1.3 1.6 2.3 3.4 7.1 12.5

Lymphocytes

(3 109/L)

Pup A 43 2.09 0.94 0.27 0.34 2.09 3.98 4.16

Weanling B 44 1.56 0.57 0.64 0.75 1.44 2.81 2.97

Juvenile B 150 1.51 0.48 0.06 0.68 1.44 2.53 2.95

Adult B 357 1.65 0.49 0.26 0.73 1.64 2.71 3.94

Monocytes

(3 109/L)

Pup A 44 0.93 0.55 0.12 0.2 0.72 2.29 2.34

Weanling B 44 0.65 0.45 0.13 0.14 0.54 1.75 2.3

Juvenile C 152 0.38 0.25 0.05 0.1 0.34 1 1.95

Adult C 357 0.32 0.17 0.02 0.06 0.3 0.78 1.4
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Table 2. Continued.

Parametera Age group Significanceb n Mean SD Minimum
Lower
95% Median

Upper
95% Maximum

Eosinophils

(3 109/L)

Pup B 44 0.17 0.23 0 0 0.01 0.74 1.12

Weanling B 44 0.07 0.09 0 0 0.03 0.26 0.37

Juvenile B 152 0.09 0.15 0 0 0.03 0.55 1.03

Adult A 356 0.31 0.43 0 0 0.12 1.51 1.9

Basophils

(3 109/L)

Pup A 43 0.071 0.134 0 0 0 0.501 0.512

Weanling B 44 0.037 0.044 0 0 0.029 0.14 0.184

Juvenile B 152 0.03 0.051 0 0 0.02 0.128 0.42

Adult B 356 0.023 0.032 0 0 0.014 0.12 0.254

Glucose

(mmol/L)

Pup A 52 7 1.2 3.7 3.9 7.1 9.1 10.4

Weanling B 45 6.6 0.7 4.7 5.1 6.7 7.8 8.4

Juvenile A 166 7 0.9 4.7 5.5 6.9 9 10.2

Adult B 359 6.7 0.5 5.2 5.8 6.7 7.8 8.2

Urea

(mmol/L)

Pup B 52 4.8 2.2 1.3 2.3 4.2 12.1 13.2

Weanling A 45 7.6 1.9 4.5 5 7.1 11.4 13.3

Juvenile A 166 7.9 1.1 4 5.9 7.9 10 12.3

Adult A 358 7.9 1.1 3.9 5.7 7.8 10.2 11.6

Creatinine

(lmol/L)

Pup C 52 66 11 39 43 67 85 97

Weanling C 45 60 11 35 36 62 75 76

Juvenile B 166 86 14 50 56 85 117 133

Adult A 359 89 14 59 68 86 118 132

BUN : creatinine

ratio

Pup D 52 18.3 7.5 4.1 8.9 17.1 41 47.4

Weanling A 45 32.5 12.3 15.7 20 29.9 62.7 75

Juvenile B 166 23.4 4.8 11.5 15.4 22.9 33.8 43.5

Adult C 358 22.5 4.4 7.4 14.8 22.3 32.1 39

Sodium

(mmol/L)

Pup B 51 148 2.81 141 142 148 153 153

Weanling A 44 151 2.68 146 147 150 157 158

Juvenile B 165 148 2.15 143 144 148 153 155

Adult B 359 148 1.75 143 144 148 151 154

Potassium

(mmol/L)

Pup A 52 4.74 0.35 4 4.2 4.7 5.37 5.7

Weanling B 45 4.43 0.42 3.7 3.81 4.4 5.29 5.5

Juvenile C 166 3.86 0.32 3.2 3.3 3.8 4.49 5.6

Adult C 358 3.84 0.25 3.2 3.4 3.8 4.4 5.2

Na : K ratio Pup C 19 31.2 2.1 27 27.5 31 35 35

Weanling B 12 35.8 1.8 33 33.3 35 38 38

Juvenile AB 56 37.4 3 26 30.5 37 42.6 44

Adult A 285 38.4 2.7 24.3 33.2 38.7 43.5 46

Chloride

(mmol/L)

Pup C 52 105 3 98 100 105 110 115

Weanling AB 45 109 2.6 103 104 109 113 115

Juvenile B 166 109 2.8 96 102 109 113 119

Adult A 359 109 2.5 101 105 109 114 117

Bicarbonate

(mmol/L)

Pup C 52 21.1 4.4 9 10.1 22 27.7 28

Weanling B 45 23.5 5.3 13 13 24 30 32

Juvenile A 166 25.5 3.7 11 16 26.6 30.1 32

Adult B 354 24.3 2.8 15 19 24.2 29 33

Anion gap Pup A 52 26.1 5.7 17 18 27 36 37

Weanling B 45 23 7.5 12 13 23 35 35

Juvenile C 165 17.8 5.3 10 12 16 32 35

Adult C 359 18.4 3.2 10 12 18.5 25 28.7

Calcium

(mmol/L)

Pup A 52 2.56 0.12 2.39 2.41 2.51 2.84 2.91

Weanling A 45 2.51 0.16 2.21 2.22 2.51 2.83 2.88

Juvenile B 166 2.43 0.11 2.03 2.24 2.42 2.66 2.77

Adult C 359 2.31 0.08 1.99 2.17 2.31 2.48 2.63

Phosphorus

(mmol/L)

Pup A 52 2.52 0.41 1.52 1.66 2.53 3.16 3.3

Weanling AB 45 2.43 0.28 1.66 1.98 2.42 2.92 2.93

Juvenile B 166 2.32 0.28 1.6 1.81 2.29 2.87 3.19

Adult C 359 1.96 0.29 1.32 1.47 1.93 2.55 3.21
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Table 2. Continued.

Parametera Age group Significanceb n Mean SD Minimum
Lower
95% Median

Upper
95% Maximum

TP (g/L) Pup C 52 64.2 5.2 55 55.6 64 75.5 78

Weanling B 45 69.3 4.7 57 62.1 69 78.9 80

Juvenile A 166 75 4.1 64 67 75 82 86

Adult A 358 75 3.8 63 68 75 82.1 86

Albumin (g/L) Pup B 52 40.5 3.4 34 34 41 46 48

Weanling A 45 43.2 2.2 38 38.2 43 46.9 48

Juvenile A 166 42.2 1.9 37 38 42 46 48

Adult B 359 39.9 2.7 33 35 40 45.6 47

Globulin (g/L) Pup D 52 23.7 3.7 16 19 23 32 34

Weanling C 45 26.1 3.8 19 20.1 26 33 33

Juvenile B 166 32.8 4 23 25 33 40 45

Adult A 359 35.2 4.2 25 27 35 43 46

Albumin : globulin

ratio

Pup A 51 1.72 0.26 1.2 1.23 1.7 2.18 2.3

Weanling A 45 1.69 0.25 1.4 1.4 1.6 2.27 2.3

Juvenile B 166 1.31 0.18 0.9 1 1.3 1.7 2

Adult C 359 1.16 0.2 0.8 0.8 1.1 1.6 1.7

Total bilirubin

(lmol/L)

Pup AB 47 3.64 1.33 1 1 4 6 7

Weanling A 43 4.09 1.09 2 2 4 6 7

Juvenile B 163 3.4 1.02 1 2 3 5 8

Adult B 358 3.39 0.92 1 2 3 5 6

ALP (IU/L) Pup B 52 110 37 46 56 107 180 236

Weanling A 44 130 38 72 73 121 215 239

Juvenile A 166 124 37 62 71 117 211 228

Adult C 359 61 22 25 31 58 119 157

ALT (IU/L) Pup B 50 41 18 18 19 35 85 100

Weanling B 43 43 21 17 20 35 93 114

Juvenile A 159 65 22 21 31 63 125 179

Adult A 355 65 22 25 34 60 118 187

AST (IU/L) Pup A 50 31 20 12 13 26 78 116

Weanling B 43 20 9 8 9 20 44 53

Juvenile C 164 16 12 2 5 13 38 121

Adult C 335 16 6 5 6 15 31 50

GGT (IU/L) Pup A 41 113 41 51 52 109 200 206

Weanling BC 39 77 21 48 49 76 139 140

Juvenile B 166 81 18 46 52 80 119 136

Adult C 359 72 17 36 43 71 109 127

Creatinine kinase

(IU/L)

Pup A 46 435 549 76 83 258 2298 2421

Weanling AB 40 333 430 67 82 190 1661 2290

Juvenile B 148 212 238 42 50 120 879 1579

Adult B 352 213 256 37 52 125 1049 1857

Calculated

osmolality

(mmol/kg)

Pup C 52 295 7 281 284 295 309 316

Weanling A 44 302 6 292 294 301 317 318

Juvenile B 165 298 4 286 290 297 307 311

Adult B 358 297 4 286 289 297 305 309

Serum Fe Pup A 50 35.2 16.2 11 12 32.5 72.8 75

Weanling B 44 27.5 11.8 12 13.1 24.5 60.5 64

Juvenile C 161 20.8 8.8 10 10 20 41 78

Adult C 111 21.3 6.5 8 11 21 33.8 53

IBCT Pup A 50 81 15 57 59 79 115 123

Weanling B 44 74 13 50 53 72 100 111

Juvenile B 161 74 12 48 55 72 100 110

Adult C 112 63 11 43 48 60 90 97

Fe % saturation Pup A 50 29.4 9.2 9 11 30 45.6 47

Weanling AB 44 26.8 8.4 12 14 25.5 46.6 49

Juvenile C 161 22.1 7.5 9 11 22 38 48

Adult B 112 25.3 6.1 9 12 26 36.6 46
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Most of the samples were obtained from animals

maintained within the aquarium environment. A

subset of these animals (n¼ 4 sea lions) moved as

adults to a facility where they regularly dove and

swam in the open ocean. The sea lions typically

dove to 40–50 m, which is characteristic of the

majority of dives of wild female Steller sea lions.14,17

Blood collection and analysis

Blood samples from young pups were obtained

from interdigital veins of the rear flippers or from

the caudal gluteal vein while under physical

restraint. Samples from older animals were drawn

from the caudal gluteal vein while anesthetized

using isoflurane in 100% oxygen administered

under veterinary supervision. Blood samples were

either drawn directly into VacutainerTM tubes (BD,

Franklin Lakes, New Jersey 07417, USA) or into

syringes and then transferred to Vacutainer tubes.

Samples for blood biochemistry were drawn into a

serum separator tube and centrifuged (1,500 g for

5 min) to isolate serum for analysis, and samples

for hematology were drawn into a tube containing

EDTA. All sampling was conducted under per-

mits from the University of British Columbia

Animal Care Committee.

Blood samples were sent on ice to a commercial

veterinary diagnostic laboratory (Idexx Laborato-

ry, Delta, British Columbia V3M 6M2, Canada)

for hematology and serum chemical analysis

within 8 hr of sampling. Hematology parameters

that were reported included hemoglobin (Hb)

concentration, hematocrit (HCT), red blood cell

(RBC) count, white blood cell (WBC) count,

platelet count, mean platelet volume (MPV),

mean corpuscular volume (MCV), mean corpus-

cular hemoglobin (MCH), mean corpuscular

hemoglobin concentration (MCHC), and red

blood cell distribution width (RDW). Differential

leukocyte counts of neutrophils, lymphocytes,

monocytes, eosinophils, and basophils were also

manually determined. Standard clinical blood

chemistry parameters that were assessed included

glucose, blood urea nitrogen (BUN), creatinine,

sodium, potassium, calcium, phosphorus, chlo-

ride, bicarbonate, albumin, globulin, total protein

(TP), bilirubin, alkaline phosphatase (ALP), cre-

atinine phosphokinase (CK), alanine aminotrans-

ferase (ALT), aspartate aminotransferase (AST),

c-glutamyltransferase (GGT), serum Fe, total

iron-binding capacity (IBCT), and Fe percent

saturation. The BUN : creatinine ratio was also

calculated.

Statistical analysis

Studies have used varying measures to define

the reference range of serum parameters among

different species of marine mammals.2,18 For this

study, mean, median, SD, 95% range (0.025–0.975

quantile) as well as minimum and maximum

values were determined for each parameter and

age group (adult group included both diving and

nondiving animals). A value was considered an

outlier and removed from the data set if the

difference between that value and the next highest

or lowest value was greater than one-third of the

total range of that variable.27 Linear mixed effects

models (using the package ‘nlme’ in R19) were

used to determine whether age group significantly

affected each parameter, with animal ID included

as a random effect (to account for repeated

measures). An analysis of variance (ANOVA)

was performed on two models with and without

age group as a fixed factor by using the maximum

log-likelihood method. If age group was signifi-

cant (P , 0.05), the Bonferroni method was then

used to determine individual differences between

each of the four age groups, denoted by different

letters A–D (highest to lowest values, respective-

ly) in Table 2.

Hematology parameters (RBC count, Hb,

HCT, MCV, MCH, MCHC, and RDW) were also

tested with diving activity as a fixed factor for the

adult group only. An ANOVA was performed on

two models with age (in years, if significant) and

dive activity as fixed effects by using the log-

likelihood method. Reported P-values are from

the comparison of the final model to a model

without dive activity.

RESULTS

Summary statistics and reference ranges for all

parameters are presented for each age group in

Table 2. Continued.

a RBC indicates red blood cell, WBC, white blood cell; BUN, blood urea nitrogen; TP, total protein; ALP, alkaline phosphatase;

ALT, alanine aminotransferase; AST, aspartate aminotransferase; GGT, c-glutamyltransferase; IBCT, iron-binding capacity.
b Letters represent significant differences between groups (A–D, representing highest to lowest values, respectively). For all

parameters except red blood cell distribution width, there were significant differences between age groups (P , 0.001).
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Table 2. For all parameters except RDW (P ¼
0.06), age group was found to be a significant

factor (P � 0.001). Parameters that increased with

age included RBC count, Hb, HCT, ALT, creat-

inine, BUN, Na : K ratio, chloride, bicarbonate

level, globulin, and TP. Parameters that generally

decreased with age included most WBC counts,

MPV, potassium, phosphorus, calcium, albu-

min : globulin ratio, AST, CK, IBCT, serum Fe,

and Fe percent saturation. Some parameters,

MCV and MCH, showed oscillating values be-

tween age groups, with the lowest values in

measured juveniles before increasing again to

adult levels. ALP increased in weanlings and

juveniles and was lowest in adults.

The adult sea lion group was analyzed sepa-

rately to examine the effect of regular diving

activity on hematology parameters. MCV, MCH,

and MPV were significantly higher in actively

diving animals (all P , 0.001; Fig. 1); similar

trends for Hb (P¼ 0.15) and HCT (P¼ 0.24) were

not statistically significant. However, Hb, HCT,

MCV, MCH, and MPV all increased with age

within the adult group (platelet count increased

with age, but it was not higher in diving animals).

The apparent changes because of diving exercise

could not be absolutely distinguished from age-

related changes because most of the diving

animals were older than any of the nondiving

animals. RDW showed the opposite trend, de-

creasing with age, and this parameter was signif-

icantly lower in diving animals (P ¼ 0.004).

DISCUSSION

Analysis of hematology and blood chemistry is

an invaluable tool to assess the health of individ-

uals and populations, provided appropriate spe-

cies-specific reference ranges are available.

Previous studies have used hematology and serum

chemistry to evaluate the health of pinniped

populations in the wild or in rehabilitation

facilities. For example, differences were reported

in some blood chemistry parameters between the

western (declining population) and eastern (in-

creasing population) stocks of Steller sea lion

pups12 as well as between a decreasing and

increasing population of harbor seals (Phoca

vitulina).34 Significant differences have also been

reported between free-ranging and rehabilitated

harbor seal pups.13 These studies demonstrate

that blood values can vary between populations.

However, interpretation of these differences is

problematic because of the participant’s pre-

sumed health status and, in the case of Steller

sea lions, inadequate knowledge of appropriate

reference ranges.

Although a few studies have reported some

blood parameters for Steller sea lion pups and

neonates,2,12,20,24 none have reported normal values

or ranges for juvenile and adult Steller sea lions.

As a result, there have been no indications of how

these parameters change with age. This study

provides a reference range from female animals

that were regularly monitored and known to be

healthy at the time of sampling. Although captive

animals may not be exposed to the same environ-

ment as wild animals, they likely experience the

same physiologic and developmental changes and

can provide a long-term dataset that can express

the changes seen in individuals over a lifetime.

Noteworthy is that the pups in this study were

fed an artificial milk formula that may contain

different nutrients than natural mother’s milk. In

particular, formula may have higher Fe content,

possibly resulting in some RBC-related parame-

ters in pups being higher in this study than what

would be seen in the wild. However, RBC count

and Hb levels were still lowest in pups than in

other age groups. In general, in the wild, the

switch from a diet of mother’s milk to fish, which

is higher in Fe content, may contribute to the

increase seen in most RBC parameters with age.

Several physiologic changes are known to occur

in marine mammals as they progress through life

history stages and develop environmental adapta-

tions, such as increased capacity for diving and

thermoregulation, and they could significantly

impact these parameters. The longitudinal sam-

pling design of this study addresses developmen-

tal changes and shows significant differences in at

least one age group compared with the others for

nearly all parameters measured. These changes

are assumed to relate to a range of natural

physiologic changes, such as changes in food

sources, immune development, reproductive ma-

turity, growth rate, and diving behavior.

Hematology and diving

Some of the most evident changes in hematol-

ogy parameters relate to the development of

diving ability and blood oxygen storage capacity

in Steller sea lions. Development of oxygen

storage capacity of the blood depends on Hb

concentration and HCT7 and affects diving be-

havior (duration and depth) in maturing otariids.10

RBC count, Hb, and HCT all increased from low

levels in pups to significantly higher levels in

juveniles and adult females (Fig. 1). Previous

research with young Steller sea lions found these
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Figure 1. Age-related changes and the effect of diving activity (in adults) on hematocrit, hemoglobin

concentration, mean corpuscular hemoglobin concentration, mean corpuscular volume, red blood cell

distribution width, and mean platelet volume in female Steller sea lions. Nondiving individuals (white) are

compared with individuals diving regularly at the Open Water Research Laboratory, University of British

Columbia, Canada (gray). Mean corpuscular volume, mean corpuscular hemoglobin, and mean platelet volume

were all significantly higher in the diving group, whereas red blood cell distribution width was significantly lower.

Hematocrit and hemoglobin also showed this pattern, but diving status was not significantly different than age-

related changes. RBC indicates red blood cell.

GERLINSKY ET AL—HEMATOLOGY OF STELLER SEA LIONS 25



parameters reach adult levels at about 9 mo of

age.23 Past studies have been unable to separate

cause and effect regarding physiologic changes

and diving behavior. Thus, to differentiate the

extent to which changes in blood oxygen capacity

permit changes in diving behavior and to what

degree increased physical activity induces chang-

es in relevant hematologic parameters have been

impossible. These factors were able to be partially

differentiated by examining developmental chang-

es within nondiving animals and by comparing

differences between older individuals either en-

gaging in natural diving behaviors or limited to

relatively shallow pools.

Previous studies reported that most diving-

related blood parameters reach peak levels in

juveniles. which was the oldest age group other

studies examined. RBC counts in this study were

at peak levels during the juvenile stage; however,

Hb and HCT did not reach statistical maximum

levels until the sea lions were adults. The values in

this study for RBC, HCT, Hb, and MCHC were

all similar to those seen in other studies for the

pup, weanling, and juvenile age groups.12,15,20,24

Because only females were examined, the results

for some diving-related parameters may differ in

males, and there also may be seasonal variation in

some parameters.

Most of the animals in this study were raised at

an aquarium in relatively shallow pools and were

not exposed to deep-water environments at a

young age; thus, they did not experience the

depths and durations of dives that would typically

be performed by wild sea lions during the weaning

period. However, some of the sea lions that

participated in this study were regularly diving

in the ocean as adults, which may have affected

the development of some diving-related parame-

ters later in life. The adult females actively diving

in the open ocean for 5–10 yr in this study had

significantly higher MCH and MCV values com-

pared with those living in an aquarium (Fig. 1).

They also had higher HCT and Hb levels among

the diving sea lions, although these parameters

also increased, in general, with age. The diving

animals were also older animals, so the trends

observed in HCT and Hb might simply reflect a

general age-related increase rather than an effect

of diving activity. Although no comparable data

exist for wild adult female Steller sea lions, it is

notable that years of diving, even only as adults,

resulted in increased oxygen stores in the ocean

diving animals, despite a lack of diving as pups

and juveniles. Steller sea lions in the wild would

begin diving at a younger age; hence, the values

for some diving-related parameters in juveniles,

and possibly weanlings, may be under estimated

as well.

WBC counts

Total WBC counts showed a complex trend

overall, with the highest values recorded in pups.

The values decreased through the weanling and

juvenile stages and then slightly increased again in

adult females (although still lower than for the

pup stage). Examination of the differential distri-

bution of WBC types showed neutrophil and

monocyte counts with a steady decline with age,

whereas lymphocytes and basophils showed a

more dramatic decline between the pup and

weanling stages. The exception to this declining

trend was the increase in eosinophils found

among adult samples, likely accounting for the

overall higher WBC count in adults.

One advantage of using captive animals in

controlled environments for formulating refer-

ence ranges is that their health status is more

likely to be known. For example, WBCs (leuko-

cytes), which are a major component of the

immune response, are assumed to be lower in

captive animals because they are healthier. Pre-

viously reported values for pups in the wild are

generally higher than those seen in this

study,11,12,15 suggesting that disease or infection

increased the values seen in wild pups. However,

these lower WBC counts may also be the result of

less exposure to potential pathogens in animals

in an aquarium setting compared with those in

the wild. Mellish et al15 found that Steller sea lion

pups had significantly lower WBC counts after

several months in captivity (dropping lower even

than the values reported in this study). However,

the opposite trend was seen in both harbor seal

pups13 and elephant seals8 that had significantly

higher WBC counts after entering a rehabilita-

tion facility, despite being believed to be clini-

cally healthy.

Blood chemistry

Pups have physiologic adaptations to store

energy during nursing and weaning, when they

undergo natural periods of fasting while females

are on foraging trips. BUN has been used as an

indicator for overall health or nutritional stress20

because it is mostly unaffected by handling and

capture stress or drugs. Fasting can result in

decreased levels of BUN, although increased

levels are exhibited during prolonged fasts.21

BUN levels may also increase in underfed ani-
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mals, possibly because of a combination of food

protein intake and elevated skeletal muscle catab-

olism.22 However, BUN levels are also generally

higher in nonfasting marine mammals, probably

because of a diet high in protein. In this study,

BUN levels were significantly lower in pups than

in all other age groups, and they were similar to

those seen in Steller sea lion pups from Alaska.20

These lower BUN levels likely reflect the change

in their diet during weaning—in particular, in the

relative amounts of protein and fat as they begin

feeding on their own—as has been demonstrated

with protein intake in adults.22,33 Significantly

lower levels of BUN were found in 6-wk-old

fasting pups compared with 9-mo-old fed pups

(whose values were comparable to weanlings and

juveniles in this study), likely corresponding to

decreases in protein intake and protein catabo-

lism.21 Because BUN is a product of both protein

intake and protein tissue catabolism, studies have

suggested that absolute levels may not be a useful

indicator of nutritional stress.26

Both BUN and creatinine are indicative of

kidney function and can be significantly affected

by renal failure.2 Creatinine levels also increased

with age in the animals in this study, and they

were within the range reported for harbor

seals.34,35 Creatinine is a function of skeletal

muscle metabolism and is less sensitive to

changes in diet; hence, the BUN : creatinine ratio

may be more useful than BUN alone in examin-

ing nutritional stress. The BUN : creatinine ratio

increased significantly from the pup-to-weanling

stage, likely reflecting the change in diet to whole

fish at 3–4 mo of age in the captive animals. This

increase in protein intake would have caused

BUN levels to increase much faster than those of

creatinine. The BUN : creatinine ratio then de-

clined to juvenile and adult levels as creatinine

continued to increase, whereas BUN levels

remained constant.

The TP value, which includes both globulins

and albumin, increased with age in female Steller

sea lions. Juan Fernandez fur seals (Arctocephalus

philippi) showed the same trend, with juveniles

and adults having a higher TP value than pups.28

TP is influenced by hydration state and also

correlates with diet. Albumin was slightly higher

in weanlings and juveniles than in adults or pups

in this study, whereas globulins increased steadi-

ly with age. This increase in globulins is consis-

tent with the general trend for immature marine

mammals to have lower globulin concentrations,2

which is likely related to the lower levels of

immunoglobulin reflecting a developing immune

system. Greater values of globulins were also

reported in rehabilitated harbor seal pups com-

pared with wild pups, which was postulated to

reflect increased immune stimulation during

recovery from disease.13 Mellish et al15 found

similar TP values for both Steller sea lion pups

and juveniles, although albumin was slightly

higher and globulins were lower than seen in this

study.

ALT, AST, ALP, and GGT are enzymes gener-

ally used to assess liver and other organ function.

Elevated levels of these enzymes may be associ-

ated with hepatocellular injury or induction.2 A

period of nutritional stress also resulted in a

decrease in ALP and an increase in GGT levels in

Steller sea lions.26 Age significantly affected all of

these liver enzymes in the present study. AST

decreased with age and can be affected by

handling and restraint as well as muscle damage

and hemolysis. Whether the observed decrease in

AST was a developmental trend or an effect of

increased ease in obtaining blood samples is

unknown (eg, better training and a switch from

physical restraint to anesthesia). ALP increased in

weanlings before decreasing to adult levels, a

trend that is likely associated with growth. ALP

tends to be higher in younger, growing animals

because its involvement in bone growth; there-

fore, it decreases with age.2,34 ALT levels were

higher in juveniles and adults than in pups and

weanlings, consistent with the findings of Mellish

et al,15 who also found ALT were higher in

juveniles than in pups, although slightly lower

than the values in this study overall. They

hypothesized that higher ALT levels may be

because of an increased incidence of parasitism

in juveniles that are now feeding on fish and the

observation that most juveniles sampled had

some form of parasite load.15 However, this factor

is unlikely to have contributed to the increased

ALT in the sea lions in this study, because they

were consuming previously frozen fish that was

largely free of active parasites.

Electrolyte levels in serum were all affected by

age. Potassium, calcium, and phosphorus all

decreased, whereas sodium and chloride slightly

increased. However, these differences were minor.

Reference ranges for electrolytes are usually very

narrow because of physiologic dependence on

electrolyte levels to maintain cellular function and

osmotic gradients.22 Levels higher than reference

ranges may indicate dehydration.34 Higher values

of phosphorus and calcium in wild pups could

also correspond to skeletal growth and protein

levels, respectively.2
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CONCLUSIONS

Hematology and serum chemistry reference

ranges are necessary to monitor health and to

interpret values taken from wild or captive Steller

sea lion individuals. Thus, the reference ranges

obtained for hematology and serum chemistry

provide a much-needed baseline for assessing the

health of different ages of female Steller sea lions.

The longitudinal nature of this study also reveals

how developmental changes related to key life

history events, such as weaning and physical

maturity, affect hematology and serum chemistry.

In addition, this study differentiated which chang-

es in hematology associated with increased diving

ability were innate and which were likely related

to increased diving activity. Only females were

examined in this study; hence, the values for some

parameters may differ for males.

Because of significant declines in Steller sea

lion populations, it is especially important to be

able to monitor the health of individuals of all

ages. However, most studies to date assessing the

health of Steller sea lions have only reported

values for pups, which are significantly different

than those of adults. Thus, the reference ranges

obtained for hematology and serum chemistry can

be used to assess the health of Steller sea lion

populations—from pups to adult females. These

values can, in turn, be used to examine the factors

affecting the decline of Steller sea lions as well as

be used to predict how hematology and blood

chemistry should respond to shifts in prey popu-

lations or changing ecologic conditions.
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