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Abstract:
A hematological study was made on mountain whitefish (Prosopium williamsoni) collected from the
Yellowstone and Madison River drainages in Montana from April 1961 to September 1962, The
various blood values showed wide ranges for all fish. Comparisons were made of means for different
weight, age, and sex groups. Younger fish had lower hemoglobins, hematocrits, erythrocyte sizes,
leucocyte counts arid thrombocyte counts and the percentage of lymphocytes was higher than that of
older fish.

Males had higher hematocrit values and more lymphocytes than females. The kidney was the most
active leucopoietic tissue while the spleen was more erythropoietic. 
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.ABSTRACT -

A hematological study was made on mountain whitefish (Prosopium 
williamsoni) collected from the Yellowstone and Madison River drainages 
in Montana from April .1961 to September 1962, The various blood values 
showed wide ranges for all fish. Comparisons were made of means for 
different weight, age, and sex groups. Younger fish had lower hemoglobins, 
hematocrits, erythrocyte sizes, leucocyte counts arid thrombocyte counts 
and the percentage of lymphocytes was higher than that of older fish.
Males had higher hematocrit values and more lymphocytes than females. The 
kidney was the most active leucopoietic tissue while the spleen was more 
erythropoietic.



INTRODUCTION

A hematological study on the mountain whitefish f'Prosopium william- 

sohi) was conducted for the purpose of testing techniques, determining 

normal values, and blood cell origins. Fish were collected from the 

Yellowstone and Madison River drainages at all seasons during 1961-1962.

Numerous studies on fish blood show inconsistent results possibly due 

to techniques as reported by Lieb, et ajU (1953), Larsen and Sneiszko 

(1961), and Haws and Goodnight (1962). The only study on mountain white- 

fish encountered was that of Bolton (1933) who studied basophil (mast) 

cells. However, many recent publications concern the Salmpnidae (Katz, 

1951; Black, 1955; and Lieb, et. al.., 1953). Hematological investigations 

have also been made on various other fishes* Jordon and Spiedel (1924) 

studied several teleosts; Yokayama (1947) the yellow perch (Perea flaves- 

cens): Tyler (i960) two Antarctic fishes '(Trematomus borchgevinki and 

Notothenia larsoni)* and Young (19,49) the opal eye (Girella nigricans)

In the present study of mountain whitefish, specimens were collected 

by angling and held in nets placed in the stream until transported to the 

laboratory. Because they Were extremely sensitive, tq high temperatures, 

ice was used during the warm weather to maintain cool temperatures in the 

containers used for transportation. Most of the fish were brought to the 

laboratory before blood samples were removed, however, blood was taken 

from some fish at the site of capture. Some were held in laboratory 

troughs for varying periods without food. Prior to taking blood samples, 

fish were rapidly anesthetized with a 1*2.0,000 dilution of tricaine
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raethane sulfonate (MS 222), Each fish was measured, weighed and sexed and 

scales were removed for age determinations. Some fish were kept alive 

following the removal of blood. These were individually tagged and held 

In troughs for various periods for subsequent sampling,

A laboratory test exposing fish to. varying dissolved oxygen conditions 

during a two hour period and involving anesthetized and unanesthetized fish 

showed no effect on blood values,
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.RESULTS

Hemoglobin

Ahticpagulated blood was used fpr hemoglobin determinations. Because



fish blood clots very rapidly, it was important to use an- anticoagulant 

that prevented clotting yet caused no hemolysis of erythrocytes. By 

rinsing the syringe with a 10 percent solution of dipotassium ethylene- 

diamine- tetrad-acetate (EDTA) and expelling all excess it was possible to 

obtain a satisfactory blood sample. The dry chemical did not dissolve 

readily with fish blood. Wintrpbe (1962) reported on the use of various 

anticoagulants and recommended ..EDTA for human hematology. Heparin also 

has been used satisfactorily as an anticoagulant by many investigators^

It did not prevent clotting as completely as HDTA when mixed with mountain 

whitefish blood.

Blood was removed from the caudal artery by the use of a sySihge 

(needle size 22). The. needle, was inserted anteriorly until it struck the 

vertebral column at a 45° angle just posterior to the. anal fin. It was 

then retrieved about one millimeter until a steady flow of bipod was ob

tained. Approximately 0.5 ml was taken from fi.sh (40-55 g) and 1-2 ml 

from larger fish.

A comparative hemoglobin study was done on six fish using oxyhemo

globin s acid hematin, and cyanmethemoglobin methods (Table I). .These were 

used on each blood sample. Dilutions were made with the same 0.02 ml 

pipette thus eliminating variations due to differences in pipettes. Two 

to three determinations were performed for each method and the mean re

corded. A Klett-Summerson photoelectric colorimeter-.was used for all 

hemoglobin tests except those done with the acid hematin. technique by the 

Sahli mpthod. Ortho's AcUlobin Hemoglobin standard was used to make
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,TABLE I

Hemoglobin values (f/100 ml blood) determined by various methods.

Sample
number.

Cyanmet
hemoglobin .

OJcyhemoV'
.... gIObin ...

Acid hematin 
.. Klett-Summerson -,. .,

' • • •» ■' - '• - ■»'
Acid hematin 

. Sahii- - ■
I, ‘ 11,61 11.57 ' 14.12 ■ '13.67
2 7.52 . 7.67 9,90 10.13
3 8.32 8.29 10.95 10.80
4 9,76 9.52 12.33 11.70
5 8.28 8.50 10,90 10.10

, 6... ...5,65 ..5,88
* - v • •

8.65 8.40

standard curves. This was found to be an accurate and practical method 

of calibrating the colorimeter, Cyanmethemoglobin determinations were 

made with diluteets prepared with Ortho’s pellets, .Comparisons between 

1 the. use of Drabkin’s solution and the Ortho dilutent showed both fluids to 

be satisfactory for fish blood hemoglobins, I preferred the pellets be

cause of the. ease with Which solutions were prepared, Wintrobe (1962) 

reported that the cyanmethemoglobin method is accurate, Tt was used 

satisfactorily with fish blood by ,Sihderman et,.aT, (1961), Because 

erythrocyte nuclei were not destroyed when acid hematin methods were Usedp 

these were considered unsatisfactory. The oxyhemoglobin technique gave 

similar results to those of cyanmethemoglobin,

Hemoglobin, ranges and means were determined oh 119 mountain whitefish 

(ages 1t6 years) collected from April 1961 to September 1962 (Table TI)/ 

The range was 7,0-43*7 g per 100 ml blood with a mean of 10,6 g, Six fish 

taken in April" 196*1 had a mean of 12,SVg9 however this may have resulted 

from an inadequate sample, A.comparison based on weights (Table III).



Hemoglobin and hematocrit determinations; erythrocyte, leucocyte, and thrombocyte counts on 
mountain whitefish taken at various times. No. fish in parentheses. Range = R, Mean = M.

TABLE II

Hemoglobin
gram

Hematocrit
percent

Erythrocyte count 
million

Leucocyte count 
thousand

Thrombocyte count 
thousand

R M R M R M R M R M

April
1961

10.8-
13.7

12.8
(6)

48.0— 
54.7

52.0
(5)

1.81-
2.20

2.05
(4)

July-
Sept.
1961

7.0-
12.9

10.4
(32)

31.7-
57.2

41.1
(30)

1.12-
1.87

1.35
(29)

0.83-
25.5

7.1
(32)

3.3—
35.2

17.8
(32)

July-
Sept.
1962

9.6-
13.0

11.1
(18)

33.2-
62.2

50.0
(15)

1.03-
1.46

1.28
(15)

1.5-
15.9

6.5
(14)

5.4-
35.2

17.0
(15)

Oct. — 
Dec. 
1961

7.8-
12.8

10.3
(38)

28.5-
54.0

41.9
(40)

1.01-
1.99

1.87
(38)

0.66—
20.6

5.3
(37)

7.9-
47.2

19.9
(38)

Jan.- 
Mar. 
1962

7.8-
12.7

10.5
(25)

30.7-
52.8

43.2
(24)

1.04-
2.34

1.46
(23)

0.36-
5.6

2.1
(20)

0.87-
28.0

13.2
(21)

Total 7.0-
13.7

10.6
(119)

28.5-
59.3

43.5
(114)

1.01-
2.34

1.57
(109)

0.36-
25.5

5.4
(103)

0.87-
47.2

17.6
(106)



TABLE III
Hemoglobin and hematocrit determinations; erythrocyte, leucocyte, and thrombocyte counts on 

mountain whitefish of various weights (gm). No. fish in parentheses. Total length (cm) in 
brackets. Range = R, Mean-= M.

Weight
gram

Hemoglobin
gram

Hematocrit
percent

Erythrocyte count 
million

Leucocyte count 
thousand

Thrombocyte count 
thousand

R M R M R M R M R M
40-109 

[18 o 5-25.5)
7.6-
11.2

9.6
(H)

30.7-
42.7

38.4
(12)

1.04-
1.78

1.34
(11)

1.3-
5.6

3.1
(10)

1.9-' 
21.4

11.8
(10)

110-169 
(26.5-29.0|

7.8-
12.7

9.6
(30)

31.7-
57.2

41.0
(29)

1.01-
2.34

1.44
(30)

0.36—
25.5

4.4
(29)

6.0-
28.0

17.1
(30)

170-229
(26.0-31.5]

7.9-
12.9

10.4
(18)

32.7
57.7

42.9
(17)

1.10-
1.87

1.36
(16)

0.85-
12.4

4.8
(17)

0.87-
27.8

16.7
(17)

230-289
[29.0-33.5]

8.5-
13.0

10.8
(15)

31.7-
55.2

45.9
(14)

1.07-
1.56

1.33
(15)

0.SO- 
ll.9

5.7
(14)

5.4-
36.0

17.2
(15)

290-349
[30.5-37.5)

8.4—
12.6

10.8
(12)

31.5-
58.7

45.5
(13)

1.10-
1.66

1.33
(H)

4.1-
15.9

9.6
(10)

7.7-
36.2

18.7
(H)

350-409
[30.5-32.5]

10.1-
10.3

10.2
(2)

48.0 48.0
(I)

1.38-
1.44

1.41
(2)

8.3—
8.6

8.5
(2)

10.5-
30.2

20.4
(2)

410-469. 
[37.0-40.0]

8.9-
11.5

10.4
(5)

34.5-
62.2

44.4
(3)

1.27-
1.46

1.40
(4)

0.66-
20.6

10.4
(4)

13.5
33.0

22.1
(4)

470-589 
none taken

590-650 
(38-40.g  

Total

7.0-
9.7
7.0- 
13.0

8.4 
(2)
8.4 
(95)

39.5

20.7-
62.2

39.5
(I)

43.1
(89)

1.12-
1.20
1.01-
2.34

1.16
(2)

1.37
(91)

1.2-
2.9
0.36-

25.5

2.1
(2)
5.4
(88)

21.3
47.2 
0.87-

47.2

34.3 
(2)

17.3 
(91)



determined for 95 fish taken at various times showed that 11 fish (40-109 

9) 1-2 years) had a range of 7.6-11.2 g hemoglobin (mean 9.6 g) 'while 84 

fish (.110-650 g; 2-6 yeara) had a range of 7.8-13 g (mean 10=6 g)i These 

results suggest slightly lower hemoglobin values for smaller fish. A 

comparison was made between males and females (Table IV). A totaI qf 36 

males taken at various times had a range of 7.9-13,0 g (mean 10.9 g) 

while 51 females had a range of 7«0-fl2.6 .g (mean 10.1 g), Mprachi (19591 

reported, a hemoglobin- range of 3.3-16,9 g for young carp. Black (1950) 

gave the following means:, 10.0 g, Kamloops trout (SaTmo aalrdneri kam- 

1 oops); 9«8 g, squawfish (Ptvchocheilus oreaonensis): 8.1 g,9 largemouth 

bass (Micropterus salmoides). Tyler (1960) found a range of 3.5-4,0 g for 

Trernatomus borchgevinki and a mean of 3.5 g for Notothenia larsoni. two 

Antarctic fishes.

Hematocrit

In mqst cases blood used for hematocrit determinations was taken from 

the same sampIP as that for hemoglobin tests. Well mixed anticoagulated 

blood was allowed to run into one end of a capillary tube (70 mm length by 

0,5-0.9 mm I,D.). About three-fourths of the tube was filled, sealed with 

plastic clay and spun for seven minutes in a, microhematocrit centrifuge at 

a speed of 12,500 r. p. m., No anticoagulant was used.in capillary tubes 

because there was enough in the drawn blood sample, The volume qf packed 

erythrocytes was determined with a hematocrit tube reader and reported as 

percent of whole blood, Tvvo tests were made on each fish.

The effects of various anticoagulants were determined, Capillary



TABLE IV
Hemoglobin and hematocrit determinations; erythrocyte, leucocyte, and thrombocyte counts on 

mountain whitefish arranged by age and sex. Range = R, Mean = M. No.fish in parentheses.

Age Hemoglobin Hematocrit Erythrocyte count Leucocyte count Thrombocyte count
year gram percent million thousand thousand

R M R M R M R M R M
I 8.5- 9.8 32.7- 37.5 1.22- 1.42 I • 3— 3.3 1.9- 11.4

11.2 (5) 42.5 (5) 1.61 (5) 5.6 (5) 19.3 (5)
2 7.6- 10.9 33.5- 44.9 1.03- 1.28 1.5- 4.8 2.7- 13.9

12.6 (13) 57.7 (13) 1.63 (13) 25.5 (13) 24.9 (14)
3 9.0- 10.8 32.0- 45.3 1.07- 1.39 0.36— 5.1 0.87- 15.4

13.0 (30) 57.0 (28) 2.34 (35) 15.2 (28) 27.5 (29)
4 8.9- 10.9 34.5- 48.6 1.18- 1.31 0.85- 8.2 8.0- 19.5

12.5 (10) 62.2 (8) 1.57 (9) 15.9 (9) 36.2 (9)
5 9.5- 9.6 36.7 36.7 1.20- 1.24 2.9- 11.8 13.5- 30.4

9.7 (2) (I) 1.27 (2) 20.6 (2) 47.2 (2)
6 7.0 7.0 39.5 39.5 1.12 1.12 1.2 1.2 21.3 21.3

(I) (I) (I) (I) (I)
Total 7.0- 10.6 32.0- 43.5 1.03- 1.35 0.36— 5.5 0.87- 15.9

13.0 (61) 62.2 (56) 1.63 (65) 25.5 (58) 47.2 (60)
Sex

Male 7.9- 10.9 31.7- 47.4 1.07- 1.40 0.36— 5.8 0.87 15.2
13.0 (36) 62.2 (34) 1.87 (35) 24.9 (36) 36.0 (36)

Female 7.0- 10.1 28.5- 40.9 1.01- 1.36 0.66- 5.2 1.90- 17.8
12.6 (51) 58.7 (50) 2.34 (54) 20.6 (49) 47.2 (55)

Total 7.0- 10.4 28.5- 43.5 1.01- 1.38 0.36- 5.5 0.87- 16.813.0 (87) 62.2 (84) 2.34 (89) 24.9 (85) 47.2 (91)
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tubes were rinsed with either 10 percent solutions of ammonium oxalate, 

EDTA* or heparin using the technique suggested by Larsen and Snieszko 

(1961). Commercially prepared heparin tubes were also used. The caudal 

peduncle was severed and wiped with a dry towel and freely flowing blood 

was drawn into the tubes. All tests were made in duplicate, the average 

recorded, and the amount of hemolysis ppted. No more than four samples 

could be taken from one fish without getting clots in the capillary tubes 

thus permitting the testing of only two anticoagulants on a single fish. 

When using this method, clots were found in three of the four oxalate-tubes 

used which also showed hemolysis and in two of four EDTA tubes. Clots 

were also found in five of eight commercial heparin tubes. No clotting 

occurred in laboratory prepared heparin tubes and no hemolysis was seen in 

either type of heparin tubes used. Results from this study indicate the 

need for great caution in the use of anticoagulants for hematocrit de

terminations. Ten percent ammonium oxalate and EDTA solutions were unr 

satisfactory for preparing hematocrit tubes. Heparinized tubes prepared 

in the laboratory were superior. This was also found to be true by Larsen 

and Snieszjco (1961). Mairs e_t al_, (1962) used commercial heparin tubes in 

a study of warm water fishes and found these satisfactory only for the 

bluegill (Lepomis macrochirus).

A. comparison was made between the effect of EDTA when used in liquid 

and crystalline ,forms. ,After blood was taken from the caudal artery using 

a syringe rinsed with 10 percent EDTA solution, aed laboratory prepared 

EDfA. tubes Were, filled with blood from the cut surface. No clots or
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hemolysis were observed in tubes containing blood that had been treated 

with the "liquid EDTA. Three of four tubes with crystalline EDTA gave 

higher results due to clots. It was concluded that liquid.EDTA readily 

prevents clotting when used in a syringe for blood drawing but is un

satisfactory for hematocrits when used in the crystalline form probably 

due to insolubility.

Hematocrit determinations were made on 1.14 mountain white fish (Table 

II), The range was 28.5-62,2% (mean 43.5%), Results were grouped on the 

basis of the time when fish were taken and ranges and means were computed. 

Five fish taken in April 1961 had a mean of 52.0% and 15 fish taken from 

July.-September 1962 had a mean of 50.,0%. All other groups had means 

slightly lower or higher than the total mean. When separated on the bafts 

of weight, 12 fish (40-109 g, 1-2 years) had a mean of 38.4% and 77 fish 

(110t-650 g> .2-6 years) had a mean of 43,6% (Table III). ,When results were 

grouped by sex (Table IV), 34 males taken at various times had a range of 

31.7^62.6% (mean 47.4%) while 50 females had a range of 28.5-58,7% (mean 

40.0%). The higher mean value for the male is considered significant= The 

smaller fish had lower hematocrits. Young (1949) found no correlation be

tween weights and hematocrit values of the opaleye=

A number of investigators have used the hematocrit test for various 

species of fishes. Nprmandeaw (1962) obtained a mean of 43,9% in lake 

trout (SaIVeIInus namavcush) and a mean of 47,5% in brook trout (Salvelinus 

fontinalls). These latter are very close to the mean (43,5%) found in 

mountain whitefish. Haws and Goodnight (1962) gave a range of 17.0441.5% 

(mean 29.4%)for the brown, bullhead (IctaIurus nebulosus) and for the



channel catfish (Idtalurus punctatiis) a range of 1 5 » 0 ^ 4 7 . (mean 27.9%). 

Murachi (1959) reported a range of 15.8-74.0% in yoUng carp.

Erythrocytes

Count. Erythrocyte counts were made on EDTA anticoagulated blood 

drawn from the caudal artery. Rees-Ecker 's (Wintrdbe9 1,962)9 Yokayama ’s 

(Yokayama9 1947), and Hendricks* (Hesser9 1960) diluting solutions were 

used, Because of the high degree of inaccuracy of erythrocyte counts 

blood was diluted 1:100 in a;; standard Thoma red cell diluting pipette,

After mixing for 1-2 minutes, diluted blood was flooded opto both sides of 

a Spencer bright-tline hemocy tome ter, A  petri dish containing damp filter 

paper was placed over the chamber to hinder drying and dilutions were
2allowed to settle several minutes before counting. Five of the 0,25 mm 

ruled areas were counted on each side of the chamber and the total erythro^ 

Cyte count per mm'* of blood was determined by multiplying the number of 

cells counted by 2,500,

Similar results were obtained with all three diluting fluids. 

Hendrick’s solution was more stable and more convenient to use than the 

others. Rees-Ecker's and Yokayama8s solutions gave more accurate counts 

when used with anemic bipod because they stained immature erythrocytes, 

facilitating their separation from mature cells.

Counts on 109 fish taken from April 1961-September 1962 showed a
q

range of I.,01,-2.34 million erythrocytes per mm of blood and a mean of 

1,58 million (Table II). Results were grouped on the basis of time periods 

and ranges and means were determined. Thirty-eight fish taken from

-11-
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October-^December 1961 had a mean of I».87 million which is somewhat higher 

than for other times of the year,; This is associated with the spawning 

period of.this fish (Brown, 1952). Katz (1951) found no variance in 

erythrocyte counts of prespawning silver salmon (.Oncorhvnchus kisutch). 

When results were grouped by sex, 35 males had a mean of 1.40 million and 

54 females had a mean of 1.36 million (Table IV). Means determined on 60 

fish grouped according to age and on 91 fish for weight ((Table III) showed 

only slight differences between the means.of each group and the total mean.

Extreme differences in erythrocyte counts have been found for various 

species of fishes. Tyler (i960) reported a range of 0.66-0.80 million in 

Trematomus borchaevinki and a range of 0,380-0.389 in Notothenia larsohi. 

Haws .et, ajl. (1962) ^reported means of 2,16 million in the channel, catfish 

and 1.27 million in thp brown bullhead. Smith At al_. (1952). compared 

erythrocyte counts in 10 species and found the lowest mean (1,24 million) 

in the gold fish (Carassius auratus) and the highest (1,88 million) in—the 

highest: (l-.88-m-ii-lion) in the warmouth (Chaenobrvttus qulosus).

Size. Lengths and widths (microns) of mature erythrocytes treated 

with Wright's stain were secured by the use of ah ocular micrometer at a 

magnification of 1,000. Thirty cells were taken at random in consecutive 

fields on one slide for. each fish and ranges and means were computed.

Erythrocytes were measured on 30 mountain Whitefish taken from August 

1961 to September 1962 (Table V). The majority of mature cells were oval 

in shape but some were round (IOyU X IQu) and others long and narrow 

(Tange, I^u X to IBu X IOp). Results were grouped according to weights,



tab le V

Erythrqcyte sizes (microns) .of mountain whitefish arranged’ :- 
according to .weights (gm) and lengths (cm), ages.(year) and sex.

' . .•• • ___ v-___ - , - • • •
Weight. Length. . No. fish .... Range . ... Mean

40-109 19-25 7 11.6x7.8-14.1x9.4 13.4x8.5
110-169 25-29 8 13.0x8.9-14,2x9,5 13.6x9,3
170-229 26-32 6 13.4x8,8-14.0x10.0 13.8x9.5
230-289 30-33 3 12.7x9.4-13,9x10.0 13.5x9.8
290-349 31-38 4 13.4x9 ..4-14.4x10,5 13,9x9,8
350-409 , 0
410-469 37 I 13.6x9.4 13.6x9.4
470-609 0
610-650 38 I. . 13.2x9.5 . 13.2x9.5 ■
Total 30 . 11.6x7,8-14.4x10.5 13.6x9.3

Age .. .. No. fish . . . Range Mean'

I 3 11.6x7.8-13.4x8.3 12.8x8.0
2 7 13.2x8.2-14.0x10.0 13.6x9.2
3 13 13.0x8,8-14.2x10.0 . 13.8x9.4
4 6 12.7x9,4-14.4x10.5 13.7x9.7 •
5 0
6 : I 13.2x9,5-14.4x10.0 . 13.2x9.5

Total 30
, •: * . • 11.6x7,8-14.4x8.3 13.6x9.3

Sex .

Male 15 13.3x7.8-14.4x10.5 13.8x9,3
Female •15 , . 1.1.6x7.8-14.4x10,0 13*5x9 ,-3 .■

Total . 30 13.3x768-14.4x10.5 13,6x9,3



age, and sex of fish. The 40-109 g weight group (7 specimens) had the 

lowest mean (13.4 ju X 8.5ju). The one-year-old fish (3 specimens) had the 

loweat mean (12.,Bp X 9.Op) of all age groups. Erythrocyte means of males 

(l3.8;u X 9.4ju) and females ( 1 3 . X 9.3ju) were similar.

The mean values of mature erythrocytes vary greatly between various 

species of fishes. The mean for grayling (l3.2p X 9.5jj) as reported by 

Lieb et_ al_. (1953) is similar to that of mountain whitefish (I3.2ju X 9.5ju) 

given in my study. Tyler (i960) found round cells (mean, 11.Oju) in Trema- 

tomus borchaevinki. Smith et, ^1» (1952) reported almost round cells 

(mean, 12.4ju X 10.5ju) in yellow bullhead (Ictalurus natalis) and oblong 

pointed cells (mean, ll.lju X 7»7ju) for warmouth bass.

Leucocytes

Count. Direct and indirect methods were used to determine the number 
' 3of leucocytes per mm of blood. For the direct method, EDTA anticoagulated 

blood taken from the caudal artery was diluted IslO in a Thoma white cell 

diluting pipette using Yokayama's dilutent. Pipettes were shaken by hand 

for 1-2 minutes and diluted blood was flooded onto a Spencer bright-line 

hemodytometer. Cells were allowed to settle several minutes on the 

chamber which was covered by a petri dish as previously described for 

erythrocyte counts. In order to count only the leucocytes, it was 

necessary to differentiate between leucocytes and thrombocytes (Yokayama, 

1947). The total ruled area (9 mm^) of the hemocytometer was counted and 

the number of leucocytes per mm^ of blood was computed by multiplying the 

nbriiber of cells counted by 11.1.
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Blood was taken from the caudal artery for the indirect method, Xhe 

first drop of blood from the needle was used to make a smear which after 

drying was treated with Wright’s stain, EDTA. ant!coagulated blood from 

the syringe was diluted I i 1.00 and the total number of erythrocytes deter

mined, The stained smear was examined under the microscope using a mag- 

nificatiojn of.1,500, The number of leucocytes found per Y9OOO erythro

cytes was recorded when counting only adjacent microscopic fields which 

contained no greater than 60 erythrocytes. The total number of leucocytes
3

per mm of blood was computed by the following formulas 

Leucocytes / mm3 = Number of leucocytes counted X erythrocytes- / mm3

The same blood sample was used for direct and indirect methods. The in

direct method was found to be the most accurate,. Because of the great 

similarity between leucocytes, thrombocytes, and immature, erythrocytes as 

seen on the hemocytometer, it was not always possible to accurately differ

entiate between these dells, Lucas (1961) reported errors when using both 

techniques with avian, blood, but recommended the, indirect method.

Leucocyte counts were determined on 103 mountain whitefish collected 

from July 1961 to March 1962 (Tables II-IV),' The range was 3.60-25,500 per 

mm3 of blood with a mean of 5,400, Results were grouped according to time 

periods taken and ranges and means were determined. The lowest mean 

(2,100) was found in the January-March group (20 fish)= There was no. great 

difference between the leucocyte counts of males (mean, 5,800) and females 

(mean, 5,500). Yokayama (1947) reported a mean of 43,400 for yellow 

perch, but found no significant difference between the counts of males and
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females. No comparison was made in the counts on mountain whitefish of 

various ages because of insufficient specimens for some ages. Field et al. 

(1943) found means of 2,105 in brook .trout and 3,675 in carp.

Differential - Count. Smears were.made from blood not mixed with anti- . 

coagulants. These were allowed to dry and then treated with Wright's 

stain. Total leucocyte counts were determined by the indirect method and 

then differential counts were.made from the same slide, When the total 

count was 2,000 or less, 50 cells were differentiated on one slide for 

each fish and percentages of cel.l types were determined. When total counts 

were greater than 2,000, 100 or more cells were differentiated. Descrip

tions of the various cell types are given later in this paper,

Leucocyte differential counts were made on 109 mountain whitefish 

taken from July 1961 to September 1962 and ranges and means were determined 

for each cell type (Table VI). Very wide ranges Were found for all cell 

types. Means for all fish showed the following percentagessmall lympho

cyte, 31.1; large lymphocyte, 3.4; lobed neutrophilic granulocyte, 58,8; 

band neutrophilic granulocyte, 6,8; metamyelocyte, 0.7; myelocyte, 0.1; 

basophil (mast) .cells were seen in a few fish. No eosinophils or monocytes 

we?e found. The greatest percentage of lobed granulcytps was 69=4 found in 

fish taken July-September and the lowest 39.9 taken January-Mafch (Table 

VII).

The percentages of lymphocytes and granulocytes (lobed and band 

granulocytes, metamyelocytes, myelocytes) were used for further comparisons 

which were made according to weight, age, and sex of fish. Specimens in
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. Leucocyte differential counts on 109 mountain whitefish. Ranges and 
means in percent for: Small lymphocytes (SL)J large lymphocyte (LL)j
lobed granulocyte (LjS); metamyelocyte (ME); myelocytes (MY).

TABLE VI

. Rang^ Mean
Time Nd. fish SL LL L@ Band Cr. ME MY SL . LL -LG Band Gr. ME..MY
f
July- 32 I- 0-; 14- 0- 0- 0- 21.6 1.6 66.3 8.9 1.3 0.3
Sept.
1961

82 10 96 48 25 10

July- 22 0- 0- 24- 0- 0- 0 23.8 0.2 69.4 5,7 0.9 0.0
Sept.
1962

62 3 94 16 15

Oct. r 37 2- 0- 4- 0- 0- 0.2 35,5 3.4 52.9 7.6 0,5 0.1
Dec. 92 18 87 27 5
1961

Jan.- 18 2- 0- 2— 0- 0 0 5,0.0 6.9 39.9 3.2 0,0 0.0
March 98 28 98 16
1962

Total 109 0- 0- 2- 0- ’ 0- 0- 31.5 2*4 58.5 6.8 0.7 0.1
98 28 98 . 48 .. 25 10

,the 40-109 g weight group had the lowest granulocyte value (mean, 33.1%) 

of all weight groups (Table VII). One-year-'old fish generally had a lower 

percentage of granulocytes (mean, 24=1) than older fish (Table VIII),

Males had a lower granulocyte percentage (58.6) than females (73.7) (
(Table. VIII). There was a higher granulocyte percentage in counts over 

8,TOO/mrn3 of blood.

Considerable differences were found between differential counts' 

for mountain whitefish and those reported for other fishes. Counts for 

lake trout (Lieb ejb al.=, 1943). showed 9.1.2 percent lymphocytes, 8.2 percent
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TABLE VIl

Weight
gram

Total length No. 
cm. . fish

. Gahge / \ - - -M** ' :I .:
Lymphocyte Granulocyte Lymphocyte Granulocyte 

percent percent. percent, : percent
40-109 18.5-25.5 12 20-96 4-80 65.3 34.7

110-169 25.0-30,0 30 2-90 2-98 41,8 59,2

170-229 26.0-31,5 16 1-79 ' 21-99 29.7 70.3

230-289 29,0-34.0 16 0-90 10-100 23.4 76.6

290-349 30.5-37,5 14 0-94 6-100 22.8 77.-2

350-409 31.0-33,0 2 10-19 81-90 14.5 85.5

410-469 37,0-40.0 3 2-62 36-98 24.0 76.0

.470-589 0

590-650 38,0-40.5 ... 2 14-82. .: 18-86., 48.0 , . 52.0 . .
Total. . 95. 0-96 • 2-100 35,8 64:2 ' ''

monocytes9 and 0.6 percent granulocytes. Yellow perch (Yokayama9 1947) 

had 67.7 percept lymphocytes and 32,4 percent neutrophilic granulocytes 

which he named "heterqphiles18. The predominant granulocyte was the 

myelocyte. Eosinophils were, occasionally found but no monocytes or baso- 

phiis.

Thrombocyte Count

The ihdirect method was used following the technique given for leuco
cyte counts, The. percentage of thrombocytes was determined from a stained 

blood smear and the total number of cells per mm^ of blood was calculated,
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TABLE VIII

Leucocyte differential count on mountain whitefish arranged by age 
and sex. Also grouped as to ranges of total leucocyte count.

Range Mean
Age No. Lymphocyte Granulocyte Lymphocyte Granulocyte
year fish percent . percent percent percent

I 7 58-96 4—42 75.9 24.1
2 19 4-80 20-97 38.3 61.7
3 36 0-98 2-100 26.5 73.5
4 11 1-62 38-99 23.8 76.2
5 I 14 86 14 8.6
6 I 82 18 82 18

Total 75 0-98 2-100 34.3 65.7 .
Sex

Male 38 0-98 2-100 41.4 58.6
Female 52 • 0-84 16-100 27.3 . 73.7 .

Total 90 0-98 2-100 33.3 66.7

Leucocyte
count

360- 2,000 22 0-96 2-100 47.0 53.0
2,100- 4,000 . 35 2-90 4-98 39.3 61.7
4,100- 6,000 16 2-94 6-98 51.4 48.6
6,100- 8,000 7 5-82 18-95 43.0 57.0
8,100-10,000 12 2-62 4-98 12.8 87,2
over 10,000 18 0-96 . 4-100 .. 17.7 • 82.3

Total H O 0-96 2-100 36.4 64.6 .

These counts were not considered as accurate as leucocyte counts because 

of rapid thrombocyte clumping which caused poor distribution on the smear. 

Wintrobe (1962) stated that no technique is completely satisfactory for 

human thrombocyte counts and Lucas (1961) preferred the indirect method 

for avian thrombocyte counts. No reports were found of thrombocyte counts 

on fish blood.
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Couhts were made on 106 mountain whitefish taken from April 1961 to 

September 1962 (Table II). The range was 870-47,200 per mm^ of blood and 

the mean 17,600, Results were grouped according to time periods-(Table 

II), weight groups (Table III), age, and sex (Table IV) of fish. Although 

there was a wide range, means were quite similar for most groups involving 

more than four fish. There were slightly lower thrombocyte counts on fish 

taken January-March, on fish in the 40-109 g weight group, and on one- 

year-old specimens.

Erythrocyte Sedimentation Rate

Blood was taken from the caudal artery and mixed with EDTA.. Sedi

mentation rates of anticoagulated blood yvere determined by the use of a 

Landau-Adams microsedimentation apparatus (Landau, 1933). Blood was al

lowed to settle for one hour in upright supported pipettes and the upper 

level of packed erythrocytes was recorded in millimeters. Although this 

method was not very satisfactory, results showed some consistencies.

Sedimentation rates were determined on 100 mountain whitefish taken 

from July 1961 to March 1962. The range was 0.0-3.0 mm and the mean 1.2 

mm. Comparisons were made between results grouped according to weights 

and sex of fish. The 40-109 g weight group had the highest mean (1.4 mm). 

Mean values for males (0.9 mm) were similar to those of females (id mm).

Blood Clotting Time

The caudal peduncle was severed, wiped with a dry towel, and fresh 

blood was allowed to flow into a capillary tube (70 mm X 0.5-0.9 mm I. D.)
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The time in seconds was recorded when the blood showed a thread-like clot 

between broken ends of the capillary tube.

Fifteen mountain whitefish were used for clotting time determinations. 

The range was 40-109 seconds and the mean 72.1 seconds. Smith et al.

(1952) reported the lowest mean clotting time (10.8 seconds) in goldfish 

and the highest (41.3 seconds)., in smallmouth b.uffalo (lctiobus bubaTus) 

for 10 species of fish studied.

Mature and Immature Blood Cells

Cells of mountain whitefish were studied (1,500 X ) on blood smears, 

and on kidney, liver, and spleen imprint, smears which had been treated 

with Weight's stain. Descriptions of mature and immature forms and their 

distributions are given below.

Ervthrocvtes. Mature erythrocytes were oval-rshaped with oval nuclei 

which were not quite concentric with the outer, edge of the pell showing a 

wider, margin at the poles. The cytoplasm was orange-pink and the nucleus 

a deep purplish-blue. Small chromatin clumps were uniformly distributed 

in the nucleus. No nucleoli, were seen. Degenerating erythrocytes had a 

dense purple, almost homogeneous, (pycnotic), nucleus.

Polychromatic erythrocytes were found occasionally in blood smears. 

These were shorter and wider then the mature cells. The cytoplasm stained 

light smoky-blue and the slightly elongated nucleus a dark purplish-blue 

with irregular chromatin clumps. These cells were found In all.spleen and 

kidney imprints, but rarely in liver imprints=

Proerythrocytes were slightly larger than polychromatic erythrocytes

\



-22-
and were round in shape as were their nuclei« The cytoplasm stained a 

dark basophilic color. The purplish-blue nucleus had a fine chromatin 

structure with only a few small chromatin clumps. Nucleoli were often 

visible. These cells were found in spleen imprints? but rarely in kidney 

and liver imprints. None were seen in blood smears. Jteny gradations were 

seen between the more mature proerythrocytes and the "blast" stage. 

Erythroblasts were larger than erythrocytes and most prperythrocytes.

The reticulate nucleus was surrounded by a narrow rim of very dark baso

philic cytoplasm. Nucleoli were present and usually more easily recognized 

in the "blasts" than in other developmental stages. Erythroblasts were not 

found in blood, kidney, and liver smears, and only rarely in spleen im

prints.

Thrombocytes. Mature thrombocytes were ovoid and slightly smaller 

than mature erythrocytes. Cytoplasm was very pale blue and usually showed 

only at the outer edge of the cell. The nucleus was less ovoid and had 

densely packed chromatin clumps. The greatest number of thrombocytes were 

most numerous in blood smears and contained less cytoplasm with round, 

pycnotic nuclei.

Prothrombocytes were round with round nuclei. The cytoplasm stained 

medium blue and the dark blue nucleus had few chromatin clumps. Nucleoli 

were common. More prothrombocytes were found in kidney than in spleen im

prints. None were seen in blood smears and liver imprints. No thrombo

blasts were found.

Lymphocytes. Both small and large lymphocytes were seen in mountain
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whitefish blood with a greater percentage of small lymphocytes„ The small 

cells were round and had round nuclei» A narrow rim of medium blue cyto

plasm surrounded the purplish-blue nucleus which had dense' finely cl limped - 

chromatin.. Small pinkish granules were found in the cytoplasm of a few 

cells.. Large lymphocytes had a greater amount of pale blue cytoplasm and 

larger nuclei. These cells were more numerous in kidney imprints.

Prolymphocytes were similar in appearance to large lymphocytes except 

for finer chromatin structure of the nucleus and the presence of nucleoli. 

They were found most often in kidney imprints9 occasionally in spleen im

prints, and were absent from blood smears. Lymphoblasts were not seen.

Investigators have reported similarities in the various developmental 

forms of lymphocytes and thrombocytes (Lieb et_ al_. 9 1953; Yokayama9 1947). 

Jordon and Speidel (1924) studied the blood of five teleosts and theorized 

that lymphocytes were precursors of thrombocytes. This was not substanti

ated in my study of mountain whitefish blood. Both cells may have de-r 

veloped from a common "blast".form, but were differentiated early in their 

development. Prolymphocytes had a lighter stained cytoplasm than pro

thrombocytes. Although some fish showed both types of immature cells in 

kidney and spleen imprints, others showed prothrombocytes in spleen im

prints and prolymphocytes in kidney imprints. Degenerative thrombocytes 

tended to clump more readily than degenerative lymphocytes and more often 

showed blebs of cytoplasm and denser pycnotic nuclei.

Neutrophilic granulocytes. Lobed neutrophilic granulocytes (mature 

forms) were the largest cells seen in mountain whitefish blood. These were
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round cells with a large amount of light pinkish-blue cytoplasm. The 

nucleus-stained a dark, muddy blue and had four or more lobes. Chromatin 

clumps were large and easily recognized. A number of variations existed 

between these cells. Some showed very fine.pink granules in the cytoplasm 

while others’batsrqp'h'iOc icycbqplbcrsm=. Some fish had very large cells with 

nuclei containing as many as ten lobes. Because of these and other vari

ations, the granulocytes of fishes have been given different names.

Jordon and Speidel (1924) referred to these cells as granulocytes, pseudo

eosinophils, and special leucocytes. Yokayama (1947) found a 2-4 lpbed 

nucleus in the granulocytes of yellow perch and termed these cells 

Vheterphiles."., The granulocytes of mountain whitefish more closely re

sembled the typical neutrophilic granulocytes- of human blood. These were 

numerous in blood smears and kidney imprints. Few were seen in liver and 

spleen imprints.

Band neutrophilic granulocytes resembled the lobed cells except for 

the band shape of the nucleus. These cells were also numerous in kidney 

imprints' and some were found in most blood smears.

Metamyelocytes were of similar size to the mature forms. They were 

easily recognized by the slightly indented shape of the nuclei. No

nucleoli were seen.. These cells were most often, found in kidney imprints, 

sometimes in blood smears, and rarely in liver and spleen imprints.

Myelocytes were the same size or larger than metamyelocytes and had 

a more basophilic cytoplasm. .The nucleus often stained lighter blue and 

was of finer chromatin structure than in myelocytes and had visible
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nucleoli. Myelocytes were numerous in kidney imprints and were occasion

ally found in blood smears.

Granuloblasts were larger than the myelocytes. These cells had a 

narrow rim of dark basophilic cytoplasm with few granules and the large 

reticulate nuclei stained pale purplish-blue. Nucleoli were larger than 

those seen in myelocytes. Only kidney imprints showed granuloblasts.

Basophil (mast) cells. These were Iarge9 round cells which contained 

many large, spherical, bluish-black granules that almost completely cover

ed the nuclei. They were numerous in kidney imprints and rare in blood 

smears. Basophils were not reported for yellow perch (Ypkayama, 1947) or 

for grayling and lake trout (Lieb et, al_. 9 1953). Bolton (1933) reported 

basophils in the entire alimentary canal of six salmonids, but only in the 

intestinal muscularis and serosa of mountain whitefish. No mention was 

made of blood or kidney examinations.

Unidentified cells. These large mononuclear cells had round nuclei 

and pale blue cytoplasm which contained large, dark blue rod-like or 

spherical granules. In some fish these cells were numerous in kidney im

prints and common in blood smears. They were almost identical to those 

described for human blood by Wintrobe (1962) who found them in myelogenous^ 

and monocytic leukemias. Photographs of these leukemic cells are shown in 

Sandoz Atlas of Haematology (1952). Similar cells in mountain whitefish 

blood may -have been toxic myelocytes.

Laboratory Induced Anemia

Twenty mountain whitefish were maintained in the laboratory for 7 to

\ >
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127 days following the first blood sampling. Blood was taken a second 

time from these fish and hematological tests were made using methods pre

viously described. Kidney9 Iiver9 and spleen imprints were made. All fish 

at the second sampling appeared anemic9 had hemorrhagic spots under the 

skin, and possible fungus infections on fins and body surfaces. The mean 

values for these anemic fish were:, hemoglobin, 6.8 g? hematocrit, 28.6 g? 

erythrocyte count, 1,05 million; leucocyte count, 6,600; thrombocyte count, 

22,000; erythrocyte sedimentation rate, 1.7 mm; lymphocytes, 26.4%; granu

locytes, 66.1% (Table IX). Hemoglobin and hematocrit means and erythro

cyte counts were cohsiderably lower in anemic fish than for the 119 

mountain whitefish described earlier. Means for leucocyte and thrombocyte 

counts, erythrocyte sedimentation rates, and granulocyte percentages were 

higher in ',the anemic fish. Infection may have caused the higher sediment

ation rate, leucocyte counts, and granulocyte percentages. Schumacher et, 

al. (1956) reported higher values for sedimentation rates in brook trout 

with furunculosis. Toxic chemicals can also cause granulocytosis as re- 

ported by Yokayama (1947) who injected yellow perch with turpentine.

Blood smears from anemic fish had many hypochromic, microcytic, and im

mature erythrocytes,, Polychromatic erythrocytes, proerythrocytes, and 

erythroblasts were most numerous in spleen imprints with some also in 

kidney and liver slides. Mitotic erythroblasts were seen in spleen im

prints. Mature, and immature thrombocytes were numerous in kidney imprints 

and sometimes in the spleen. Many immature and mitotic granulocytes were 

found in.kidney imprints. Basophil (mast) cells were numerous in most
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TABLE IX

Hematological values on laboratory induced anemic mountain whitefish 
compared with means for all other whitefish.

Anemic fish All other whitefish

Values No, fish Range Mean Mean

Hemoglobin
gram 20 3.8 - 9.2 6.8 10.6

Hematocrit
percent 20 13.0 - 37.2 28.6 43.5

Erythrocyte
count

million 20 0.79- 1.35 1.05 1.57

Leucocyte
count

thousand 20 2.7 -16.7 6.6 5.4

Thrombocyte
count

thousand 20 5.2 -53.2 22.0 17.6

Erythrocyte 
sed. rate 

millimeter 18 1.0 - 3.0 1.7 1.2

Leucocyte
differential

count 20

Lymphocyte
percent

\
2-94 26.4 33.9

Granulocyte
percent 6-98 73.6 66.1

kidney imprints and occasionally in spleen imprints. Unidentified mono

nuclear cells were numerous on some blood and kidney slides.
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SUMMARY

1. A hematological study was made on 119 mountain whitefish (Pro- 

sopium wiIliamsoni) collected from the Yellowstone and Madison River 

drainages in Montana during 1961-1962.

2. Hemoglobin determinations had a range of 7.0-13.7 g / 100 ml of 

blood and a mean of 10.,6 g. The small fish had the lowest mean.

3. Hematocrits had a range of 28.5-62,6 percent and a mean of 43.5 

percent. A lower mean was found for small fish and males had a higher 

mean than females.

4. Erythrocyte counts ranged from 1.01 to 2.34 million per mm^ of 

blood with a.mean of 1,58 million.

5. Leucocyte counts had a range of 360-25?500 per mm^ of blood with 

a mean of 5,400. Fish collected January-March had the lowest mean, The 

small fish had a lower mean than larger fish, and young fish showed a, 

lower mean than older fish.

6. Thrombocyte counts had a range of 870 tp 47,200 per mm^ of blood 

and a mean of 17,600. Counts taken in January-March were lower than those 

in other time periods. Small fish and one-year-old fish had the lowest 

means.

7. Leucocyte differential counts showed a mean of 34.5 percent 

lymphocytes and 65.5 percent neutrophilic granulocytes with the predominant 

granulocyte being the lobed mature form. Small fish and young fish had 

lower granulocyte means. Females had a higher mean than males. Granulo

cyte means were-higher in leucocyte counts over 8,100 per mrn̂  of blood.
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8o Few immature cells were seen in blood smears. Polychromatic 

erythrocytes were occasionally found and myelocytes were the most immature 

granulocytes seen in blood smears,

9, The kidney was the most active hemopoietic tissue, forming granu

locytes, lymphocytes, and thrombocytes. The spleen produced most of the 

erythrocytes and occasionally other cell types. In anemic fish the liver 

sometimes was hemopoietic. .
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