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Fig. 6. Cultivated pasture representative of many areas within Utah Valley. 

Fig. 7. Over-grazed pasture in west Provo, Utah. 
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Fig. 8. Lowland pasture with slow moving stream. 

Fig. 9. Lakeside farm where animals have free access to lake water. 
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animals defecated. Fecal samples were put into sample cups, which 

were identified by date, host, location, and name of the owner of the 

animals if possible. All fecal samples were taken to the laboratory for 

subsequent examination. 

Examination of Fecal Samples 

Helminth egg count and coccidia oocyst count for each sample 

were made by a modified Mc Master sugar flotation technique. This 

involved mixing 2 gm of feces with 28 ml of 50% Sheather's solution 

(full-strength Sheather's is prepared by mixing 500 gm sugar with 320 

ml of water and 6. 5 gm phenol, and heating the mixture until the sugar 

is dissolved). The feces-Sheather's mixture was crushed through a tea 

strainer into a 70 ml evaporating dish to remove the fibrous material. 

A portion of the solution was immediately transferred to a McMaster 

counting chamber for microscopic examination. 

The McMaster counting chamber consisted of two slides, one 

mounted 1. 5 mm above the other, with two l cm X l cm squares, each 

divided into six parallel sections, etched into the top slide to facilitate 

counting. Both squares were counted, and the total number of eggs or 

oocysts present multiplied by 50 to determine the number of eggs or 

oocysts per gram of feces in each sample. Microscopic examinations 

were done on a Swift SRL binocular microscope with 10 X wide-field 

oculars and using the 10 X objective. 



Cestode and trematode eggs were identified by their specific 

morphological characteristics. Cestode eggs were identified in the 
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Mc Master chambers. Since eggs of trematodes do not float in Sheather's 

solution, due to their high specific gravity, it was necessary to do sed-

imentations of the collected feces to detect them. Sedimentation was 

done by washing a portion of the fecal sample through a piece of gauze 

into a 60 mm petri-dish, and then adding water until the dish was full. 

The solution was allowed to sedimentate and the supernatant was 

carefully poured off. This latter process was repeated 2 more times, 

and the remaining sediment was then examined for the presence of fluke 

ova with a Bausch and Lomb stereo-zoom dissecting microscope equipped 

with 10 X wide-field oculars and a 2 X auxiliary lens. 

Whenever large numbers of coccidia oocysts were encountered 

in the McMaster examinations the remainder of the sample was pro-

cessed by sugar floation and/or gradient centrifugation (Sharma, Reid 

and Foster, 1963) in Sheather's solution to remove the oocysts. Re-

covered oocysts were washed with water, sporulated in 2. 5% potassium 

dichromate solution at 25 C for 7-10 days, and stored in the refrigerator 

at 4 C until time of identification. Identification was made by correlat-

ing the microscopic measurements of the oocysts with other identifying 

characteristics as described for cattle by Levine (1967) and sheep by 

Levine (1961), Shaw (1963) and Pellerdy (1965). Microscopic measure-

ments were made by means of an ocular micrometer mounted in the eye-

piece of a Swift SRL .microscope. 
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Cultivation and Identification of Infective Nematode Larvae 

Immediately after bringing fecal samples into the laboratory, a 

portion of each sample was placed in a 90 mm petri-dish containing a 

water-saturated paper pad. Feces was then incubated at 30 C for 7 days, 

during which time dish covers were removed every 2 days for aeration 

and to add additional water if needed to prevent drying. 

After incubation the larvae were isolated from cultures by a 

standard baermannization technique (Baermann, 1917). Each sample was 

baermannized in a 90 mm funnel with a small piece of rubber tubing and 

a hose clamp attached to the funnel stem. The feces was put in the 

funnel onto a piece of cellulose tissue (Kimwipe) suspended by a ¼ in 

mesh wire screen. Water was added until it covered the feces, and the 

sample was then allowed to stand for 6-8 hr at room temperature 

(approximmately 25 C). If nematode larvae were present they passed 

through the Kimwipe and settled into the stem of the funnel. After the 

allotted time approximately 15 ml of fluid were withdrawn from the stem 

of the funnel into a centrigure tube. The solution was stored in a 

refrigerator at 4 C until larval identifications were made. At that time 

the supernatant was aspirated off from each sample. A drop of fluid was 

placed on a microscope slide, and was either heated over a low flame or 

a drop of Lugol's solution was added to kill any larvae present. A cover 

slip was placed over the drop, and the slide was examined under 10 X or 

40 X magnification for identification of larvae. Third-stage (L3) larvae 
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were identified by correlating the measurements for the total length of the 

larvae with the length of their sheath tails. Microscopic measurements 

were made with a Swift model SRL binocular microscope equipped with an 

ocular micrometer. Genera, or species whenever possible, were deter-

mined from tables of larval measurements compiled by Dikmans and 

Andrews (1933) and Keith (1953), Hansen and Shivani (1956), Whitlock 

(1960), Soulsby (1965) and Levine (1968). 

Necropsy of Cattle and Sheep 

Post-mortem examinations were periodically made on cattle and 

sheep at local abbatoirs and at animal bi-product plants. The viscera 

of the animals were examined macroscopically for internal helrninths. 

Sections of Ii vers, stomach, intestines, and a sample of feces were 

taken to the laboratory for further microscopic examination. All para-

sitic organisms found were identified by their morphological character-

istics. Adult helminths collected were identified from descriptions 

provided by Whitlock (1960), Soulsby (1965, 1968) and Levine (1968). 

Helminth eggs and larvae, and coccidia oocysts were identified as 

described above. 



RESULTS 

Meteorologic Measurements 

Table 1 shows weather data recorded over a 2 year period, 

January 1967 through December 1968, at the KOVO Radio weather 

station located in southwest Provo, Utah. These data were used to 

construct bioclimatographs (Figs. 10 and 11) to represent the climate 

in Utah Valley. Each bioclimatograph contains a closed curve formed 

from plots of mean monthly temperatures and total monthly precipitations. 

Optimum conditions for development and survival of the free-living 

stages of Haemonchus and Ostertagia species are delineated by solid 

and broken lines, respectively. Figures 10 and 11 show that weather 

conditions were optimum in the months of May 1967, April 1968 and 

August 1968 for the development of Ostertagia, while development of 

Haemonchus was favored only in August 1968. Average monthly pre-

cipitation for 1967 was 26.42 mm (1.04 in) and 45.97 mm (1.81 in) 

for 1968. 

Meteorologic data for the months May through September, 1969, 

which were recorded at the parasitology weather station on the BYU 

Animal Science Farm were analyzed by computer program and are given 

in Tables 2-11. Tables 2-6 contain analyses of daily precipitation; 

maximum relative humidity (98-100%); presence of dew, frost or irrigation 
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water; cloud cover; potential evaporation; percent soil moisture; and total 

wind for the months May, June, July, Augus"tt and September, respectively. 

Daily relative humidity readings are listed in Tables 2-6 and are 

illustrated in Figs. 12 and 13. Figure 12 shows daily ranges between 

maximum and minimum relative humidities, and Figure 13 indicates the 

total number of hours that the relative humidity held at maximum level 

each day. Since maximum relative humidity seemed to correlate with the 

presence of dew on the grass, the number of hours each day at 98-100% 

level was calculated from hygrothermograph charts as an indirect indi-

cation of "dew duration 11 (Fig. 13). Substantial increases in the number 

of hours at maximum relative humidity occurred after irrigation as well as 

after periods of precipitation. The total time at maximum relative 

humidity ranged from minutes to as high as 13 hours a day. Total time 

at 98-100% relative humidity for the months of May, June, July, August, 

and September were 44.75, 147.00, 74.75, 101.50,and 145.00 hr, 

respectively. This amounted to 513. 00 total hours for the pasture 

season. The minimum relative humidity was generally quite low with a 

range between 13 and 60% during the pasture season. Minimum relative 

humidity fluctuated with temperature changes, amounts of wind and 

precipitation, and irrigation. 

The relationship of percent soil moisture to precipitation and 

irrigation is illustrated in Figure 14. Total monthly precipitations for 

May, June, July, August, and September were 3.56, 79. 76, 2.29, 6.35, 

and 5. 59 mm, respectively. Total precipitation for the season was 95. 55 



Table 1. Mean monthly temperatures in a standard weather shelter and total monthly precipitations for 
the years 1967 and 1968. 

1967 

Month Mean monthly 
Precipitation temperatures (°C) (millimeters) 

Max. Min. Mean 

January 3. 3 -9.2 -2.9 62. 5 
February 7.4 -6.4 0.5 2. 5 
March 14.4 -1. 7 6.4 21. 6 
April 15. 6 -0.2 7.7 16. 3 
May 20.9 3.4 12.2 54. 1 
June 25.8 7.8 16.8 32.0 
July 33. 3 12. 6 22.9 12. 5 
August 33.0 11. 8 22.4 14. 5 
September 27.6 6.4 17.0 15. 2 
October 17.9 -0.3 8.8 11. 9 
November 13.3 -3.4 5.0 27.2 
December 1. 2 -10. 1 -4.4 46. 2 

Max. 

2. 5 
9.4 

12. 3 
14.5 
22.0 
28.8 
32. 6 
28.0 
25. 4 
19. 2 

9.6 
4. 2 

---- ----·---··· -----~---~···-··-- ' -·-

1968 ··-----·-----------·--~-------

Me an monthly 
temperatures (°C) 

Min. Mean 

-13. 2 5. 3 
- 3. 6 2.9 
- 1. 4 5.5 

o. 1 7.3 
3.8 I 2. 9 
8.7 18.7 

11. 8 22.2 
9.7 18.8 
3. 6 14. 6 
0.2 9.7 

-2. l 3. 8 
-9. 3 -2. 6 

Precipitation 
(millimeters) 

9. 9 
49.0 
43.2 

101. 9 
37.9 
39.4 
13.2 
56. l 

5. 6 
34. 5 
37.3 

123. 6 

w 
w 
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Fig. 10. Bioclimatograph of Provo, Utah, climate for 1967 in relation 
to the ecology of gastro-intestinal helminths of ruminants. Optimum 
pasture conditions for Haemonchus ( solid lines): 5 cm total monthly 
precipitation and 15-37 C mean monthly temperature. Optimum 
pasture conditions for Ostertagia (broken lines): 5 cm total monthly 
precipitation and 6-20 C mean monthly temperature. 
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Fig. ll. Bioclimatograph of Provo, Utah, climate for 1968 in rela,;. 
tion to the ecology of gastro-intestinal helminths of ruminants. 
Optimum pasture conditions for Haemonchus ( solid lines): 5 cm 
total monthly precipitation and 15-37 C mean monthly temperature. 
Optimum pasture conditions for Ostertagia (broken lines): 5 cm 
total monthly precipitation and 6-20 C mean monthly temperature. 
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Table 2. 

DAY 
DATE OF 

YEAR 

1 lll 

2 J.l2 
3 123 
4 J.24 
5 125 
6 126 
1 121 
8 ll8 
9 129 

10 uo 
11 Ul 

12 112 

13 133 
l♦ 114 

15 U5 
16 136 

11 131 
18 us 

l9 119 
20 140 

21 141 
22 142 

23 143 
24 1� 
25 145 

26 146 
21 141 
28 148 

29 149 
30, 150 
31 151 

TOTAL 

HEAN 

EXTP,l!l:Hes 

HIGHEST 
LOIIIEST 

MONTHLY SUMMARY OF METEOROLOGIC CATA, BYU ANIMAL SCIEN:E FARM, PROVO, UTAH MONTH 

PRECIPITATlON (MMI 
------------------- -

TOTAL PRFCIP PRECIP SNOW SNOW 
PRECIP RAIN SNOW FALL COVER 
------- ---- ----- ------- -----

o.o o.o o.o o.o o.o
o.o o.o o.o o.o o.o
o.o o.o o.o o.o o.o
o.o o.o o.o o.o o.o
o.o o. C, o.o o.o o.o
o.o o.o o.o o.o o.o
o.o o.o o.o o.o o.o
o.o o.o o.o o.o o.o
o.o o.o o.o o.o o.o
o.o o.o o.o o.o o.o
o.o o.o o.o o.o o.o
o.o o.o o.c o.o o.o
o.o o.o o.o o.o o.o
3.56 3.56 o.o o.o o.o
o.o o.o o.o o.o o.o
o.o o.o o.o o.o o.o
o.o D.C' o.o o.o o.o
o.o o.o o.o o.o o.o
o.o o.o o.o o.o o.o
o.o o.o o.o o.o o.o
o.o o.o o.o o.o o.o
o.o o.o o.o o.o o.o
o.o o.o o.o o.o o.o
o.o o.o o.o o.o o.o
o.o o.o o.o o.o o.o
o.o o.o o.o o.o o.o
o.o o.o o.o o.o o.o
o.o o.o o.o o.o o.o
o.o o.o o.o o.o o.o
o.o o.o o.o o.o o.o
o.o o.o o.o o.o o.o

1.56 3.56 o.o o.o o.o

o.u 0.11 o.o o.o o.o 

3.56 3.56 o.o o.o o.o
o.o o.o o.o o.o o.o

RELATIVE 
HUMIDITY 

-----------

MAX HIN 
----- -----

100 l2 

99 16 
100 18 

98 36 
76 26 
90 30 
90 20 
98 lit 

98 22 
94 20 
98 24 

100 25 
88 30 

100 20 
98 37 
98 l.2 

96 18 

98 u 

82 20 
99 36 
99 21 

98 25 
98 24 
9.l 20 
75 18 
88 20 
98 22 
99 36 
99 38 
14 30 
98 35 

94 25 

100 38 
14 13 

HOURS CLOUO 
AT COVH 

99-J.OO DEW FRST IIHUG IIT 

REL H�M 8 �M 
------- --- ---- ----- -----

ft.OD + 0 

1.00 + 0 

0.2s 7 
o.o + 3 

o.o 3 

o.o 1 
o.o 0 

1.00 + 0 
2.00 + C, 

o.o + 0 
0.25 + 0 

2.00 + 5 

o.o 0 

2.00 + l (I 
4.00 + 0 

1t.oo 0 

o.o 2 

0.25 + Cl 

o.o 1 
3.00 + + 0 

6.00 + 0 

2.00 + l 

3.00 + 0 
o.o .. 0 

o.o 0 

o.o + 0 

1.00 + + 0 

1.00 + 0 
1.00 + 9 

o.o 2 
1.00 + 0 

tt♦.75 21 0 l. 

L.44 l 

1.00 10 
o.o 0 

'i Yr-1\P l%Cl 

P□Tv-NTL 
cVIIPO?II; Pt:l'C;::"JT Wt •�C) 

IN 'iGH. IIII 

( "1Ml Mf'l S Tijl' Kl l'lMT� 
------- ------- -------

6.r:r ***** qz 
"--.4r ***** ':,'., 
4. 7C- ***** i:;q 
s.1c "'**** '.,� 

''• 6C ***** Hl'5 

6.or ***** 121 

6.81'." ***** 1'+ 

1.lC' ***** qz 

6. 60 ***** 71t 

6,3(' ***** 64 
o.so ***** 64 

7.50 ***** 'H 

6.�r ***** '.,3 
9.3( ***** 164 
'>. 7(' ***** 82 

6.2r ***** 76 

6.40 ***** 51 

q. 6(1 ***** 1'16 

8.40 ***** H 
5.40 ••••• '>6 

5.6[) ***** '55 

7.�C' ***** 61 

6.1r ***** 72 
1.6C, ***** 63 
8.9C ***** q7 

B.6C ***** 63 
9.60 lC/.1)0 109 

6. lr 18.C/O 43 
6.90 14.10 43 

1.00 13.1<' 72 
8.01' 11':>.3'" 117 

211. 3C' 244� 

6.82 16.52 7q 

9.6("1 l q .oo 1r,4 
4.4:'.I 13.70 43 

w 
0) 



Table 3. 

DAY 
DATE OF 

YEAR 

l 152

2 153 
3 154 

♦ 155

5 156 

6 157 
1 158 
8 159 
9 160 

10 161 
11 162 
12 163 
13 16♦ 

14 165 
15 166 
16 167 
17 168 

18 169 
19 170 
20 171 
21 172 
22 173 
23 114 

24 175 
25 176 
26 177 
27 178 

28 179 
29 180 
30 181 

TOTAL 

MEAN 

EXTREMES 
HIGHEST 
LOWEST 

MONTHLY SUMMARY Of METEOROLOGIC DATA, BYU ANIMAL SCIENCE FARM, PROVO, UT4H MO�TH 

PRECIPITATION CMM) 
--------------------------------

TOTAL PRECIP PRECIP SNOW SNOW 
PRECIP RAIN SNOW FALL COVER 
------- ----- ----- ------- -----

o.o o.c o.o o.o o.o
o.o ().0 o.o o.o o.o
o.o o.o o.o o.o o.o
o.o o.o o.o o.o o.o
o.o o.o o.o o.o o.o
o.o o.o o.o o.o o.o
o.o o.r o.o o.o o.o
o.o o.o o.o o.o o.o
o.o o.r o.o o.o o.o
o.o o.o o.o o.o o.o
o.o o.o o.o o.o o.o
o.o o.o o.o o.o o.o
0.25 0.25 o.o o.o o.o
2.03 2.0.3 o.o o.o o.o

19.81 19.81 o.o o.o o.o

1.02 1.02 o.o o.o o.o
ft.06 4.06 o.o o.o o.o

o.o o.o o.o o.o o.o
o.o o.c o.o o.o o.o
o.o o.o o.o o.o o.o
6.86 6.86 o.o o.o o.o
2.01 2.01 o.o o.o o.o

19.05 19.05 o.o o.o o.o
19.81 19. 81 o.o o.o o.o

4.83 4.83 o.o o.o o.o
o.o o.o o.o o.o o.o
o.o o.o o.o o.c o.o
o.o o.o o.o o.o o.o
o.o o.o o.o o.o o.o
o.o o.o o.o o.o o.o

79.76 79.76 o.o o.o o.o

2.66 2.66 o.o o.o o.o

19.81 19.81 o.o o.o o.o
o.o o.o o.o o.o o.o

RELATIVE 
HUMIDITY 
----------

MAX MIN 
----- -----

98 4ft 

98 24 
98 l.1 

98 20 
98 24 

98 l.l. 

90 30 
94 26 
60 22 
98 42 

98 36 
98 36 
98 44 

99 36 
98 50 

100 60 
99 lt8 

99 36 
98 30 
98 22 
98 ft8 

99 38 
99 44 

99 54 

98 ftO 

98 32 
98 24 
99 l8 

99 32 

99 23 

97 35 

100 60 
60 l.O 

HOURS CLOUD 
AT CDVE:P 

98-100 DEW FRST IRI\IG 4T 
REL HUM RAM 
------- --- ---- ----- -----

3.50 ♦ 0 

1.50 ♦ 0 
1t.oo ♦ + 0 
2.50 .. 0 
ft.DO .. 5 

2.50 .. 8 

o.o .. l 

o.o ♦ 0 
o.o 6 

a.so .. 1 
3.50 .. + 2
1.00 ♦ l 

1.00 ♦ 2
10.00 ♦ 6
l 1.00 .. 10 
6.50 .. 5 

12.00 + 2 
ft.00 .. 0 

2.00 ♦ 0 

3.50 .. 0 
9.00 .. 0 
6.00 .. 10 

u.oo ♦ 10 

9.00 ♦ 8 

1.00 .. 1 

3.00 ♦ 0 
0.50 ♦ 9 
5.03 ♦ 0 

2.50 .. 0 
5.00 ♦ 0 

1u.oo 29 0 2 

"'· 90 3 

11.00 10 
o.o 0 

6 YF'.1\1'{ l"6q 

POT�NTL 
EVi'PfJR� P!OPC"'"lT wt�') 

IN �n!L !N

I MMJ M(H STUP Kl l '1'1Tl1. 
------- ------- -------

6.cr., 13.3" 'i '> 

6. (If' l J • 6() 48 

7 .or• 18.3" 45 

t,.8� 111.l" H 

5. 6C 11.11n 50 

6.or 16.50 '+5 

6. 6C" l"-.2" q� 

9.,c,r 17 • 31) lf)I') 

9. 50 16.40 11) 3 

�.90 13. "" 58 

6.5C'; H,.90 51')
6. 9(1 15 • 9() 71

4.9C l'·.3" 34 
5.80 l'i.7" 45 

2.00 1q.oo 43 
1.ao l'>.60 37 

2.40 16.qO 27 
S.4r 16.31'1 42 
5. 80 14.()0 42 

7.4C l"-. 7<'! s;5 

5.5C 15 • 2() 5o 

4.80 18.6() 47 
3.20 1q.qn 42 
2.60 lB • 2'1 56 

3.60 18.10 '•8 

'5.20 16.20 "iO 

6. 61'1 15.20 69 

5.40 lR.40 50 

6.00 16.q() 39 

4.0C l"-• 70 31 

163.80 1560 

5.46 16. 30 ,;2 

9. 6(! lQ.cm 103 

1.AO l3.3fl 27 
w 
-..J 


