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ALP alkaline phosphatase  

BCC blood cell counts XN-9100  

       

BMPB body mass prior to the breeding season  

BUN blood urea nitrogen  

Ca Calcium  

Cl Chlorine  

CI: confidence interval  

COD cholesterol oxidase  

COSEWIC committee on the status of endangered wildlife in Canada  

             

CPK CK creatine phosphor  kinase  

             

DC direct current  

EDTA ethylenediaminetetraacetic acid  

FC flow cytometry ADVIA2121i  

      

FCM flow cytometer  

GK glycerol kinas  

GLMM generalized linear mixed model  

γ-GT γ-glutamyltransferase γ-  

GPO Glycerophosphate oxidase 3  

ID identifier  
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IFCC international federation of clinical chemistry and laboratory  

        medicine  

JSCC Japan society of clinical chemistry  

LAP leucine aminopeptidase  

LED light emitting diode   

LOESS locally weighted scatter-plot smoothing  

MCV mean corpuscular volume  

MCH mean corpuscular hemoglobin  

MCHC mean corpuscular hemoglobin concentration   

Na sodium  

n.d.:  no data available  

n.l. not listed in the study  

NOAA national oceanic and atmospheric administration   

         

NPr non-pregnant   

P phosphorus  

P p-value P  

POD peroxidase  

Pr pregnant   

PSAP N-ethyl-N-sulfopropylaminophenol N N  

        

RIA radioimmunoassay  

SD standard deviation  

SDA seasonal decomposition analysis  

SE standard error  
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SLS sodium lauryl sulfate  

stl seasonal decomposition of time series by loess  

     R  

TTT thymol turbidity test  

u.c. unable to calculate  

USDA United States Department of Agriculture  

UV ultraviolet  

ZTT zinc sulfate turbidity test  
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Callorhinus ursinus Mammalia

Carnivora Otariidae Arctocephalinae

Callorhinus

1 1 31

40 74 12

Zalophus californianus Eumetopias jubatus

under fur over coat

31

40 74  

2.1m 270kg

1.5m 50kg

31 74
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Normal hematology and serum chemistry of northern fur  

seals (Callorhinus ursinus) in captivity. 

Kaoru Kohyama, Yasuo Inoshima 

Zoo Biology 

2017  36 5  345–350  

DOI https://doi.org/10.1002/zoo.21376 
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2 4

1-1 4 1 2 3

1

73.0cm 7.65kg 1

 

2009 3 2015 3 4

1 2

Seavita

Scomber australasicus Scomber japonicus

1 2 3kg 2 1 ID1

PFV183

0.5 /min 40

46.8 2

1 2 ID2–4 4.5

16.8m2 3

S-050-18L10 0.1
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3  
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35 1 N 138 53 E

08:30 17:00

25

4

 

 

2  

10ml SS-10SZ

22G×1.25 NN-2232S

1

1 2

1-1

 

10 12ml

EDTA  VP-DK052K

 

VP-AS109K 4
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97

  

14094  

 

3  

12 15

29 1-2 1-3

SRL

XN-9100

1-4 1-5

SD

12 68 69  
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12 68 69 1-2 1-3  

86.4 21.6 102/μl 570.2 42.9 104/μl

119.1 1.5 56.3 4.1 %

98.8 5.6 fL 33.5 1.3 pg

33.9 1.1 % 41.5 10.2 104/ l

7.4 2.3 0.3 0.5 %

60.5 9.8 % 32.7 11.7 % 2.6 1.6 %

3.3 3.9 % 0.2 0.3 %   

7.1 0.5 g/dl TTT 0.5 0.2 U

ZTT 4.2 2.3 U CK

164.3 60.7 U/L AST 80.6

22.1 U/L ALT  63.3 26.6 U/L

LDH 752.3 158.2 U/L

ALP 310.2 96.7 U/L - -GT  

135.6 75 U/L 261.5 108 U/L

LAP 118.6 31.2 U/L 0.6

0.1 mg/dl 1.5 0.2 mg/dl BUN 28.6

5 mg/dl 14.8 9.4 mg/dl 207.1



16 
 

34.1 mg/dl Na151.2 1.8 mEq/L P4.6 0.4 mEq/L Cl109

2.5 mEq/L Ca9.9 0.4 mg/dl 88.9 22.8 μg/dl

0 0 mg/dl 0 0 mg/dl

0 0 mg/dl 59.5 3.1 % 1-

7 2.6 % 2- 10.9 2.4 % - 10.4

1.8 % - 12.1 3 %  
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1 2007 6 25 2009 3  -  2011 3 1 9  - 3 9 25

2 2009 7 a  2013 4  -  2015 3 3 9  - 5 8 24

3 2009 6 26  2013 4  -  2015 3 3 10  - 5 9 24

4 2010 6 30  2013 4  -  2015 3 2 10  - 4 9 24

1-1. 

ID

a  
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×102/μl 70 - 138 42 - 148 93 43 - 153 86.4 ± 21.6 83 23 / 97 23.7

×104/μl 384 - 529 350 - 580 460 493 - 739 570.2 ± 42.9 561 84 / 97 86.6

g/dl 12.7 - 178 10 - 17.3 15.1 16.3 - 24.4 19.1 ± 1.5 18.8 79 / 97 81.4

% 34 - 51 35 - 55 46 48 - 69.7 56.3 ± 4.1 55.6 88 / 97 90.7

fL 85 - 105 72 - 139 101 88.4 - 113.4 98.8 ± 5.6 98.1 19 / 97 19.6

pg 29 - 35 20 - 46 33 30.8 - 36.4 33.5 ± 1.3 33.4 14 / 97 14.4

% 32 - 38 28 - 39 32 30.9 - 36.8 33.9 ± 1.1 34.2 5 / 97 5.2

×104/μl n.l.e n.l. n.l. 14.2 - 61.7 41.5 ± 10.2 41.9 u.c.f / 97 u.c. 

‰ n.l. n.l. n.l. 4 - 14 7.4 ± 2.3 7 u.c. / 97 u.c. 

% 0 - 2 n.l. n.l. 0 - 3 0.3 ± 0.5 0 1 / 97 1

% 53 - 83 n.l. n.l. 29 - 89 60.5 ± 9.8 61 17 / 97 17.5

% 11 - 38 n.l. n.l. 0 - 63 32.7 ± 11.7 32 33 / 97 34

% 0 - 8 n.l. n.l. 0 - 8 2.6 ± 1.6 2 0 / 97 0

% 0 - 11 n.l. n.l. 0 - 17 3.3 ± 3.9 1.5 3 / 97 3.1

% 0 - 0 n.l. n.l. 0 - 1.5 0.2 ± 0.3 0 37 / 97 38.1
                    a Bossart and Dierauf (1990)
                    b Norberg et al. (2011)
                    c  Bossart and Dierauf (1990) .
                    d  80% .
                    e  n.l.: 
                    f  u.c.: 

% d

 (n = 97)
ba

(n = 8) (n = 24)

1-2. 

± SD
c

/ 
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g/dl 6.3 - 7.8 6.1 - 9.2 5.9 - 8.9 7.1 ± 0.5 7.1 12 / 97 12.4

(TTT) U n.l.e n.l. 0.2 - 1.3 0.5 ± 0.2 0.5 u.c.g / 97 u.c. 

(ZTT) U n.l. n.l. n.l. 0.5 - 10.4 4.2 ± 2.3 4.1 u.c. / 97 u.c. 

(CK) U/L n.d.f n.l. n.l. 91 - 466 164.3 ± 60.7 144 u.c. / 97 u.c. 

(AST) U/L 56 - 129 n.l. n.l. 45 - 136 80.6 ± 22.1 80 17 / 97 17.5

(ALT) U/L 13 - 76 22 - 94 45.1 30 - 206 63.3 ± 26.6 59 19 / 97 19.6

(LDH) U/L 620 - 955 n.l. n.l. 507 - 1674 752.3 ± 158.2 703 19 / 97 19.6

(ALP) U/L 80 - 124 36 - 170 61.3 189 - 599 310.2 ± 96.7 278 97 / 97 1100

γ- (γ-GT) U/L n.d. n.l. n.l. 55 - 611 135.6 ± 75 111 u.c. / 97 u.c.

U/L n.l. n.l. n.l. 0 - 380 261.5 ± 108 295 u.c. / 97 u.c. 
                    a , , , ,  n=25 (Bossart and Dierauf 1990)
                    b Norberg et al. (2009)
                    c  Bossart and Dierauf (1990) .
                    d  80% .
                    e  n.l.: .
                    f  n.d.: .
                    g  u.c.: 

1-3. 

a

(n = 4)

b

± SD(n = 45)
c

/ % d

 (n = 97)
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(LAP) U/L n.l. n.l. n.l. 74 - 227 118.6 ± 31.2 112 u.c. / 97 u.c. 

mg/dl 0.2 - 0.8 0.3 - 1.4 0.85 0.37 - 0.86 0.6 ± 0.1 0.59 4 / 97 4.1

mg/dl 2.1 - 9.8 n.l. n.l. 1 - 2.5 1.5 ± 0.2 1.4 95 / 97 997.9

(BUN) mg/dl 20 - 73 14 - 54 25.7 17 - 39.5 28.6 ± 5 27.7 1 / 97 1

mg/dl 7 - 249 n.l. n.l. 4 - 54 14.8 ± 9.4 11 9 / 97 9.3

mg/dl 265 - 317 245 - 309 286 137 - 302 207.1 ± 34.1 200 89 / 97 991.8

Na mEq/L 147 - 157 139 - 156 149 147 - 156 151.2 ± 1.8 151 0 / 97 0

P mEq/L 4.4 - 5.1 3.6 - 5.2 4.43 3.8 - 5.5 4.6 ± 0.4 4.6 37 / 97 38.1

Cl mEq/L 100 - 112 n.l. n.l. 104 - 117 109 ± 2.5 109 9 / 97 9.3

Ca mg/dl 9.4 - 9.8 8.3 - 10.7 9.64 8.8 - 10.7 9.9 ± 0.4 9.9 61 / 97 62.9
                    a , , , ,  n=25 (Bossart and Dierauf 1990)
                    b Norberg et al. (2009)
                    c  Bossart and Dierauf (1990) .
                    d  80% .
                    e  n.l.: .
                    f  n.d.: .
                    g  u.c.: 

c

/ % d

 (n = 97)
1-3. )

a

(n = 4)

b

± SD(n = 45)
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μg/dl n.l. n.l. n.l. 37 - 159 88.9 ± 22.8 89 u.c. / 97 u.c. 

mg/dl 0 - 0.2 0.3 - 0.5 0.36 0 - 0.2 0 ± 0 0 0 / 97 0

mg/dl n.d. n.l. n.l. 0 - 0.1 0 ± 0 0 u.c. / 97 u.c. 

mg/dl n.d. n.l. n.l. 0 - 0.1 0 ± 0 0 u.c. / 97 u.c. 

% n.l. n.l. n.l. 53.2 - 66.4 59.5 ± 3.1 59.5 u.c. / 97 u.c. 

α1- % n.l. n.l. n.l. 1.1 - 17.3 7 ± 2.6 7.2 u.c. / 97 u.c. 

α2- % n.l. n.l. n.l. 1.7 - 17.1 10.9 ± 2.4 10.6 u.c. / 97 u.c. 

β- % n.l. n.l. n.l. 2.1 - 12.8 10.4 ± 1.8 10.7 u.c. / 97 u.c. 

γ- % n.l. n.l. n.l. 5.6 - 21.9 12.1 ± 3 12.2 u.c. / 97 u.c. 
                    a , , , ,  n=25 (Bossart and Dierauf 1990)
                    b Norberg et al. (2009)
                    c  Bossart and Dierauf (1990) .
                    d  80% .
                    e  n.l.: .
                    f  n.d.: .
                    g  u.c.: 

c

/ % d

 (n = 97)
1-3. )

a

(n = 4)

b

± SD(n = 45)



27 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 a

FCM

DC

SLS-Hb

DC

MCV

MCH

MCHC

DC

FCM

FCM

FCM

FCM

FCM

FCM

FCM: ,  DC: ,  SLS: ,

MCV: ,  MCH: , MCHC: 

1-4. 

a: XN-9100
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 a

Biuret

(TTT)  

(ZTT)  

(CK) JSCC

(AST) JSCC

(ALT) JSCC

(LDH) IFCC

(ALP) IFCC

γ- (γ-GT) JSCC

JSCC

(LAP) L- -p-

POD

(BUN) LED UV

GK-GPO

-COD-POD

Na

P

Cl

Ca

-PSAP

α1-

α2-

β-

γ-

JSCC       IFCC     POD     LED
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COD     PSAP N N

1-5. 

a: XN-9100
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Longitudinal study of northern fur seal (Callorhinus 

ursinus) hematology. 

Kaoru Kohyama, Masashi Kiyota, Yasuo Inoshima 

The Journal of Veterinary Medical Science 

2021  83  7  1128–1137  

DOI https://doi.org/10.1292/jvms.20-0645 
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1 2 2 4

2-1

1 ID1

2009 3 2012 6 3 3 ID2

ID3 ID4 2013 4 2016 6 3

3 2-1  

341 14094 17186  

 

2  

1

EDTA 12

3 3 157  

SRL 14

MCV MCH
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SRL

SRL

ADVIA2120i

Siemens Healthineers Erlangen

VET

 

 

3  

12 2 3 5 6 8

9 11 3 3

SD  

SDA LOESS

R 3.6.3 stl 19 76

7

 

GLMM
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SE Tukey

lme4 multicomp R 3.6.3 76
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P<0.05

- -

2-3 SDA

- -
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- -

-

9 58 69

Ursus arctos 36

Oryctolagus cuniculusdomesticus 16

Tursiops truncatus 1

97

Mirounga leonina 59

Arctocephalus australis 88

Zalophus californianus 12 13 Zalophus 

wollebaeki 73

Eumetopias jubatus 32

Mirounga angustirostris 108
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2-2. 4  
       4  
        
        
        
        
       MCHC MCV MCH  
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2-3.  
          
         
 * Tukey P <0.05  

2-3-2 
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1 2007 6 25 2009 3  - 2012 6 40

2 2009 7 a 2013 4  - 2016 6 39

3 2009 6 26 2013 4  - 2016 6 39

4 2010 6 30 2013 4  - 2016 6 39

a :  

2-1. 

ID

1 9  - 4 9

3 9  - 6 11

3 10  - 7 0

2 10  - 6 0
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2-2. 5 XN-9100 ADVIA2120i

BCC FC BCC/FC BCC FC BCC/FC

3 567 577 98.3% 53 49 108.2%

4 639 671 95.2% 49 44 111.4%

16 519 554 93.7% 83 74 112.2%

18 572 579 98.8% 82 71 115.5%

19 554 571 97.0% 72 60 120.0%

- 570.2 590.4 96.6% 67.8 59.6 113.4%

BCC : XN-9100
FC : ADVIA2121i

ID
      ×100      ×10,000
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90.3 ± 12.5 78.5 ± 13.4 99.8 ± 13.8 120.6 ± 19.1 65.0 ± 9.8 81.1 ± 17.5 93.7 ± 15.2 91.4 ± 18.2
585 ± 21.7 588 ± 37.1 551 ± 15.5 550 ± 29.5 575 ± 35.1 572 ± 19.2 552 ± 35.3 530 ± 27.0

18.8 ± 1.0 19.0 ± 1.2 17.7 ± 0.6 17.7 ± 1.0 20.0 ± 1.5 19.6 ± 0.8 19.1 ± 1.2 18.4 ± 0.9
53.8 ± 2.2 54.4 ± 3.7 51.6 ± 0.9 51.2 ± 2.7 59.9 ± 3.6 59.7 ± 2.0 58.3 ± 2.0 56.2 ± 2.2

MCV 91.9 ± 2.2 92.6 ± 2.2 93.6 ± 1.7 93.1 ± 0.7 104.1 ± 2.4 104.4 ± 3.6 106.0 ± 4.6 106.0 ± 2.2
MCH 32.2 ± 0.6 32.3 ± 0.6 32.0 ± 0.4 32.1 ± 0.3 34.7 ± 1.0 34.3 ± 0.8 34.7 ± 0.8 34.7 ± 0.6
MCHC 35.0 ± 0.9 34.8 ± 0.8 34.2 ± 0.7 34.5 ± 0.2 33.4 ± 0.8 32.8 ± 0.7 32.8 ± 1.3 32.7 ± 0.6

51.8 ± 11.1 56.2 ± 9.3 54.7 ± 11.0 56.3 ± 7.1 32.6 ± 4.7 34.1 ± 2.7 35 ± 3.6 31.3 ± 5.9
6.1 ± 1.4 7.0 ± 1.6 7.7 ± 2.5 9.0 ± 2.3 5.4 ± 1 6.1 ± 1.4 7.2 ± 1.2 7.7 ± 2.4

54.0 ± 17.0 45.1 ± 16.1 68.2 ± 16.4 80.7 ± 21.6 39.1 ± 7.0 53 ± 21.2 61.9 ± 10.9 59.1 ± 13.1
31.6 ± 10.4 28.2 ± 6.7 26.5 ± 5.7 30.9 ± 8.8 19.8 ± 3.5 20.0 ± 5.9 22.5 ± 7.5 21.6 ± 7.5
3.2 ± 1.6 2.3 ± 1.5 3.4 ± 2.3 6.1 ± 2.6 1.2 ± 0.4 1.9 ± 0.9 2.2 ± 1.5 2.6 ± 0.8
1.4 ± 1.1 2.5 ± 3.5 1.1 ± 1.3 1.8 ± 1.9 4.5 ± 3.6 5.6 ± 3.4 6.6 ± 4.4 7.8 ± 2.6
0.1 ± 0.3 0.1 ± 0.1 0.3 ± 0.4 0.1 ± 0.2 0.2 ± 0.2 0.1 ± 0.2 0.3 ± 0.5 0.1 ± 0.2

a: 12  - 2 , b: 3  - 5 , c: 6  - 8 , d: 9  - 11
MCV: , MCH: , MCHC: 

2-4. 4
ID1 ID2

 a  b c d

n=11 n=10 n=9n=9 n=12

‰

×102/ml
×104/ml

g/dl

%

×104/ml

%
fL
pg

n=10 n=9 n=9

×102/ml
×102/ml
×102/ml
×102/ml

×102/ml
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Kaoru Kohyama, Masashi Kiyota, Yasuo Inoshima. (2021 . Longitudinal study of northern fur seal 
(Callorhinus ursinus) hematology. The Journal of Veterinary Medical Science 83: 1128–1137  
 

79.7 ± 14.5 82.4 ± 10.8 104.0 ± 19.9 95.0 ± 7.5 62.9 ± 13.8 58.9 ± 10.3 84.5 ± 14.5 78.3 ± 20.1
568 ± 22.5 575 ± 33.5 534 ± 32.5 543 ± 10.6 646 ± 44.0 626 ± 34.3 561 ± 12.2 600 ± 41.7

19.4 ± 0.9 19.5 ± 1.4 18.0 ± 1.3 18.4 ± 0.6 21.0 ± 1.6 20.5 ± 1.2 18.1 ± 0.5 19.3 ± 1.4
56.0 ± 2.0 56.9 ± 3.1 53.6 ± 3.5 53.6 ± 1.3 61.3 ± 3.8 59.7 ± 3.7 54.2 ± 2.4 57.1 ± 3.5

MCV 98.6 ± 0.9 99.1 ± 1.4 101 ± 3.3 98.7 ± 1.4 94.9 ± 1.9 95.4 ± 2.3 96.5 ± 4.3 95.3 ± 3.3
MCH 34.2 ± 0.5 33.9 ± 0.7 33.7 ± 0.6 33.8 ± 0.7 32.5 ± 0.4 32.7 ± 0.4 32.3 ± 0.4 32.2 ± 1.0
MCHC 34.7 ± 0.6 34.2 ± 0.7 33.6 ± 1.2 34.2 ± 0.4 34.3 ± 0.8 34.3 ± 0.9 33.5 ± 1.6 33.8 ± 1.0

40.6 ± 11.7 42.5 ± 2.6 43.2 ± 3.3 45.8 ± 3.3 39.8 ± 7.8 41.4 ± 4.1 42.9 ± 2.8 39.3 ± 8.3
5.8 ± 0.9 6.2 ± 1.3 7.6 ± 0.9 8.3 ± 1.2 6.2 ± 1.7 6.5 ± 1.8 9.3 ± 2.8 8.8 ± 2.8

46.2 ± 11.2 50.9 ± 10.9 71.9 ± 19.5 59.6 ± 10.4 29.4 ± 9.1 30.3 ± 6.7 55.3 ± 13.7 44.9 ± 13.2
27.3 ± 8.0 28.0 ± 4.2 24.2 ± 5.1 27.4 ± 4.9 30.8 ± 8.1 26.1 ± 6.2 25.9 ± 5.2 29.5 ± 9.2
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%

×104/ml
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×102/ml
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2-4. 4
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n=10 n=9n=9 n=11 
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×102/ml

fL
pg
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×104/ml
‰
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 3-3 Callorhinus ursinus ng /ml

NPr Pr NPr Pr NPr Pr NPr Pr NPr Pr NPr Pr NPr Pr

n 68 12 47 6 42 6 42 6 38 6 15 6 23 6

12.5 16.9 8.5 17.0 6.2 17.0 5.2 12.6 4.4 9.5 4.9 6.8 3.0 4.8

8.3 7.4 8.1 5.5 5.6 11.1 5.4 2.8 5.1 2.4 4.4 2.3 2.2 2.1

95% CI 10.5-14.4 12.7-21.1 6.1-10.8 12.6-21.4 4.5-7.9 8.2-25.9 3.5-6.8 10.4-14.9 2.8-6.1 7.6-11.5 2.7-7.2 4.9-8.6 2.1-3.9 3.1-6.5
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