
































A description of species composition of the clusters and geographical location of the samples (see also figure 2): 

Cluster 1 (2 samples) represents a vegetation in which both Festuca idahoensis and Bromus sagitlata cover 30- 
40% of the area, while Agropyron spicatum-cover is less than 10%. The samples were taken on the slope, east of 
and above the third bench, halfway to the ridge. 

Cluster 2 (1  sample) is a vegetation type in which Bromus sagittata dominates (40-50%), accompanied by 
Agro~ron spicatum ( 10-20%) and Bromus tectorum ( 1 - 10%). The sample was taken on the west side of the third 
bench. 

Cluster 3 (3 samples) consists of samples in which Agro~ron spicatum and Poa secunda codominate, 
respectively 23-33% and 20-30%. Bromus sagittata occurs with cover percentages less than 10%. The location of 
the samples is discontinous over the winter range; sample 40 on the slope down fiom the second bench into Cliff 
Creek, sample 24 on the slope above the East Knob, close to the ridge, and sample 27 on the slope east of and 
above the second bench but below East Knob. 

Cluster 4 contains most samples (24). It is the vegetation type with highest cover percentages of Agropyron 
spicatum (3545%). Bromus tectorum is present (15-23%) just as Bromus sagittata (12-20%). Poa secunda, Poa 
pratensis, and Fesluca idahoensis occur in small amounts; respectively <5%, <8%, and <2% cover. This 
vegetation type covers most of the winter range. It occurs on the third bench, on the slope ltom the third bench into 
Cliff Creek, on the East Knob and on the slope just below the East Knob, on the high parts of the second bench, 
fiom the second bench down into Cliff Creek, on the little knob east of the second bench, on the slope between the 
second and the first bench, and parts of the slope fiom the first bench into Cliff Creek. 

Cluster 5 is a group of 22 samples with very high cover percentages of Bromus tectorum (54-64%), occuring on 
heavily grazed parts of the winter range. Cover by Agropyron spicatwn is reduced to 1524%. Bromus sagittata 
covers 8- 13%. Poa secunda, Poapratensis, and Festuca idahoensis can be found in small amounts, respectively 
<3%, <I%, and 4 %  cover. Spatial seggregation of this vegetation type is distinct. It occurs on the first, second and 
third bench. Also on the slope above the third bench, west of vegetation type I, and on the slopes below the f~ 
bench; down to the Lower Pasture and down to the Big Creek Bridge. 

Cluster 6 exists of 1 exceptional sample, located on the first bench, and chracterized by high abundance of Bromus 
tectorum and Poa secwtda (both 40-50%), while Agropyron spicatum covers no more than 10-20%. 

Some additional remarks: 

The ecological value of distinguishing vegetation types based on just one sample (cluster 2 and 6) is 
questionable, because of their very limited occurence on the winter range. However, knowledge about those 
exceptional spots could be importantto understand animal behavior or habitat use. Accurate mapping of even 
those small but (possibly) important vegetation types is therefore recommendable. 

Goldberg (1992) did not detect the vegetation type in which Festuca idahoensis is dominant on the East Knob, 
although this type covers great parts of that knob. That is why additional sampling on the grassland part of the 
winter range seems necessary. Especially the slope above the third bench, the third bench itself, the East Knob 
and the slopes above and below the East Knob. 

Only six dominant species (5 graminoids and 1 forb), were used for the classification of vegetation types, 
since the Goldbergdata were not hlly available. For classification the samples should preferably include all 
plant species. Not to include pinegrass (Calamagrostis rubescens) in the analyses at all seems odd, since it is 
quite abundant at high elevations on the winter range. 

Classification of vegetation types should be extended to the whole winter range, including forest communities 
and shrub vegetation, that occur on very steep slopes and rough bluffs. 

The distinguished habitat types should be mapped for the whole winter range. This way positions of observed 
bighorns can directly be related to habitat types. 
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Table 2 Canopy cover of Agropyron spicatum, Poa secunda, Fesruca idahoensis and Brornus fectorum 
in plot IA, 1 B, 3A and 3B. 

PLOT SPECIES DATE 

4-22 4-23 5-4 56 

1A Agropyron spicatum 1 1  10 

Poa semda 2 1 

Bromus fecforurn 19 25 

IB Agropyron spicafum 18 26 

Poa secunda 2 2 

Bromus lectorurn 2 1 28 

3 A Agropyron spicatum 20 25 

Poa secunda 12 4 

Festuca idahensis 24 24 

Bromus tectorurn <1 2 

3 B Agropyron spicatum 9 1 1  

Poa senutcia 20 6 

Fesfuca idahoensis 24 26 

Bromus tecforum <I < I  

Figure 5 shows a high stability of the measurements already by the use of 600 pins across the plot. Dependent on 
desired level of accuracy this number may eventually be reduced, since even estimations acquired by 300 pins do 
not differ too much fiorn the estimations acquired with 1800 pins. Establishing smaller plots, as suggested in 
paragraph 3.2, will self-evidently require less number of pins. 

According to table 2, Agropyron spicatum remains about constant in plot 1A and 3B, and increases somewhat in 
plot 1 B and 3A. Cover percentages of Bromus tectonrm increase both in plot 1A and 1 B, while the species occurs 
in just very low amounts in plot 3A and 3B. Low amounts of Poa secunda were found in 1A and lB, while a 
substantial decrease in cover is mentioned in plot 3A and 3B. The explanation of this decrease is the confirsion of 
Poa secunda with Calamagrostis rubescens by identification; not until the second sampling Calamagrostis 
rubescens could be easily distinguished fiom Poa secunda. Cover percentages of the first sampling represent both 
grassland species. Festuca idahoensis shows no change in cover in plot 3 4  a little increase in plot 3B. 

With exclusion of Poa seczmda in plot 3A and 3B the overall picture is that of cover percentages which remain 
constant or slightly increase. The significance of an increased wver percentage within a vegetation type is hard to 
test, because the differences are small and each plot has just one replicate. Again reason to use more replicates, if 
small changes in the vegetation should be detected, no matter which method is applied in obtaining cover 
percentages. 



3.4 Biomass 

Data of available biomass in relation to plant cover (appendix 11) and plant height (appendix 111) is summarized in 
table 3. Plant height was classified into 5 height classes: 1 = 0-5 an; 2 = 5- 10 cm; 3 = 10-25 cm; 4 = 25-50 cm; 5 = 
>50 cm. 

Table 3 Biomass (gram dry matter per 0.1 m2) and standard deviation (sd) of Agropyron spicutum, Poa secunda, Festuca 
idahoensis and Brornus rectorurn in relation to basal plant cover (Daubenmire) and plant height. Number of samples 
between brackets. 

Plants of height class 5 were not found. Neither were plants with a cover within Daubenmire cover classes 4 ,5  or 
6. 
Regression analysis were runned for biomass by plant height and species, split by cover class. Variation is high 
what results in generally low regression coefficients as shown in table 4. Although ? has high values for 
Agropyron spicatum in cover class 3, this is based on just four samples. The only regression which results in a high 
?-value and significance of the model (p4.O 1) with a sufficient number of samples is found for Agropyron 
spicatum in cover class 2 (f iere  6). 

SPECIES COVER HEIGHT 

(%) 

Agropyron spicaturn 

Poa secunda 

Festuca idahoemis 

Bromus lectorurn 

0-5 CM 

0.18 (2) 
sd=O. 19 

0.21 (13) 
sM.13 

0.44 (5) 
sd4.26 

0.41 (1) 

1.31 (13) 
sd4.54 

2.16 (1) 

1.17(14) 
sd=l.lO 

1.02 (13) 
s H . 5 8  

0.53 (1) 

0-5 

5-25 

25-50 

0-5 

5-25 

25-50 

0-5 

5-25 

25-50 

0-5 

5-25 

25-50 

25-50 CM 

3.14 (2) 
sd4.82 

9.38 (2) 
sd=1.78 

110 CM 

0.35 (7) 
s M .  13 

0.91 (5) 
sd4.58 

0.39 (1 0) 
sd4.26 

0.44 (4) 
sd4 .  16 

0.10 (I) 

0.23 (1) 

1.16 (9) 
sd4.41 

2.08 (4) 
s M . 4  1 

1.28 (1) 

2.42 (1) 

10-25 CM 

0.55 (5) 
sd4.40 

1.86 (13) 
sdq.73 

3.91 (2) 
sd=2.16 

1.51 (1) 



Table 4 Regression coefficients (r2) and p-values for regression analysis of biomass by plant height, 
split by species and cover. 

SPECIES COVER (%) N R* P 

Agropyron spicalum 0-5 14 0.40 <O.O 1 

5-25 20 0.72 <O.OO 

25-50 4 0.99 <O.O 1 

Poa secunda 0-5 23 0.06 0.13 

5-25 9 0.06 0.87 

25-50 1 

Festuca idahoensis 0-5 2 

5-25 23 0 0.99 

25-50 5 0 0.62 

Brornus fecforum 0-5 14 0 0.45 

5-25 14 0.21 0.06 

25-50 2 

It is likely the large range of plant heights for Agropron spicatum, that enables a fitting regression between 
biomass and plant height. This in contrast with the other graminoids which remain all small in size. Biomass of the 
small grassland species can only be related to plant cover. With a maximum of just three cover values, however, 
regression analysis of biomass related to cover is not useful. The following contradiction occurs: a better predictive 
model needs a large number of cover classes, but a large number of cover classes makes the method of estimating 
cover by eye in 20x50 cm plots more sensitive to subjectivity and errors by the field technician. Altough more time 
consuming, use of the PQ-method to determine cover might be preferable, at least in establishing the model. 
Instead of clipping once, as conducted in this study, regressions should be obtained for each period that data is 
collected about plant cover and plant height on the sites. 







To assess the amount of biomass that is taken between each time interval, one parameter is missing: no 
average hight was determined for ungrazed plants. 
Another method of selecting plants to inspect on grazing should be used, since large plants and ungrazed 
plants will be in hvor when plants are randomly selected by eye. Randomly throwing a 20x50 cm frame in the 
vegetation and inspecting all plants within the h e  might be an alternative. 
Except for Agropyron spicatum on plots 2A and 2B, no significant changes in the proportion of grazed plants 
was measured. This may be partly caused by high initial levels of grazing at the beginning of the study in 
January. A better insight in biomass removal will be achieved if measurements are started at the end of 
summer when standiig crop is high, and just before the animals return to the range in hll. 

Table 5 Percentage grazed plants of Agropyron spicatum, Poa secunda, Festuca idahoensis and Bromus tectorum by plot by 
date (I = 13 January and 15 January; 2 = 27 January and 28 January; 3 = 10 February; 4 = 24 February and 27 
February; 5 = 9 March 1992). 

PLOT SPECIES %GRAZED 

1 2 3 4 5 

1A Agropyron spicatum 98 100 100 100 98 

Poa secunda 40 46 44 3 8 66 

Bromus fectorum 8 8 8 8 8 

1 B Agropyron spicatum 100 100 96 100 100 

Poa sea& 42 48 48 48 

Bromus fectorum 10 12 6 6 16 

2A Agropyron spicatum 78 84 90 98 96 

Poa se& 34 60 52 36 44 

Bromus fecforum 14 8 8 8 4 

2B Agropyron spicafum 78 86 92 96 96 

Poa secwzda 20 50 32 3 8 40 

Bromw fectorum 12 8 4 

3A Agropyron spicafum 100 100 

Poa secunda 36 42 

Festuca idahensis 62 48 

Bromus tectorum -. 8 
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Figure 8 Percentage of sprouts grazed for Agropyron spicatum, Poa s e c u .  Festuca idahoensis and Bromus 
tectorum by plot and date (January-l = 13 January and 15 January; January-2 = 27 January and 28 January; 
February- l = I0 February; February2 = 24 February and 27 February; March = 9 March 1992). 



3.7 Foodintake 

In literature the method of simulating bites by clipping nearby vegetation is often encountered, e.g., bite size 
estimates for free ranging cattle (Vulink & Drost, 199 1 a and 199 I b), mule deer (Yeo, 198 1; Hobbs et al., 1983), 
elk (Hobbs, 1979; Hobbs et al., 1983) and bighorn sheep (Goodson et al., 199 la and 1991b; Cook, 1990; Hobbs et 
al., 1983). 
However, this method is hard to apply on the Big Creek winter range. One deals with wild, free ranging animals, 
which implies that observations can only be done from a distance, supported by binocular and spotting scope to 
avoid disturbance. A second disadvantage is the high grazing intensity on the winter range, which makes it difficult 
to distinguish W e e n  what was taken at a certain time and what had previously been grazed fiom the plant, even 
if a plant could have been identified and the number of bites taken is known. However, alternatives are hard to fmd 
since the study area is located in designated a Wilderness Area, in which use of enclosures, exclosures or any 
permanent structure or installation is prohibited (Hendee et al., 1990). It is questionable if free ranging, tame 
bighorn sheep (possibly fistulated) should be defined as "livestock", mentioned in the Wilderness Act of 1964. 

An incompatibility of data is achieved by using two classifications of "feeding"; headciownposition only and no 
behavior change within 20 seconds. The reason for changing the definition to the latter was the difficulty of 
remaining accurate in recording feeding bouts since head down positions were diverted into numerous 2 to 5 
second breaks. 
Instead of recording number of feeding bouts per hour and the duration of each feeding bout, it may be mu& better 
to measure just the total time the observed sheep spend on actual feeding per observation hour, with the more clear 
and well-defined head down position only as dehition. This can easily be achieved by using a stopwatch that is 
started by first feeding behavior of the sheep, interrupted when the animal moves his head up, and restarted if 
feeding is continued. 

When an individual sheep within a group is observed, tracking the animal for an hour is not always easy. 
Especially if the group is temporarily disturbed or alarmed by something in their surroundings, it is hard to keep an 
eye on "your" sheep. That is why sheep with a radio-collar were selected for the observation if present in the group. 
It would be recommendable to mark more sheep for individual identification, for instance by collars of different 
colors, even if no radio-transmitter is attached. This will provide the opportunity to get better knowledge about size 
and dynamics of the population, differences in feeding behavior of individual sheep and will result in less errors by 
observers in obtaining data about food intake (Priins & Bokdam, 1990). 
An alternative: don't focus on individual sheep, but scan e.g. every ten minutes the whole group for number of 
heads down and number of heads up. 

Table 6 Number of bites per minute, number of feeding bouts per hour, and mean duration of a feeding bout for feeding 
classified as head down position only and classified as including head up position or moving for less than 20 
secondr. For each parameter standard deviations are given; N = number of observations. 

Table 6 summarizes the number of bites per minute, number of feeding bouts per hour, and mean duration of a 
feeding bout. If a sheep was not observed for the full hour, the observation is not used in determining the number 
of feeding bouts per hour and mean duration of a feeding bout. Standard deviations for number of feeding bouts per 
hour and duration of feeding bout are high. Less variation can probably be obtained by dividing the data in 
phenological periods (Petrak, 1990; Van de Veen, 1979). Changes in feeding behavior due to changes in the 
phenological phases of the forage plants, and thus a quantitative andlor qualitative change in forage, will be 

feeding definition feeding bouts per duration feeding bout bites per minute 
hour (min:sec) 

mean sd mean sd mean sd 

head down position only 

no change in behavior within 20 seconds 

f 14.3 

f2.3 

20.0 
(N=4) 

2.7 
(N=W 

1 :27 
(N=80) 

14:34 
(N=82) 

37.8 
@=7) 

28.3 
(N=30) 

+I :47 

f 15:35 

f3.2 

f9.0 



detected and if analysed seperately variation may be reduced. Data of this study period (January-May) should be 
divided in a late-winter period, when only dead plant parts are available, and a early-spring period, starting when 
the first green growth of grasses occurs. By recognizing phenological periods throughout the year, a better 
understanding of seasonal variation in habitat use, food preference and food intake rate can be achieved (Goodson 
et al., 1991 b). 
In an efford to reduce variation, collected data can also be related to bctors that impact feeding behavior, like 
habitat type, including vegetation type, aspect, steepness, visibility, etc. (Risenhoover & Bailey, 1985), group size 
(Warrick & Krausman, 1987), and wheather conditions (Goodson et al., 1 99 1 a). 

3.8 Habitat use 

Not every part of the winter range is equally used by bighorn sheep. That is why carrying capacity should be 
related to the habitat use of the sheep, including their preference for specific habitat types used for feeding. 
Observations should provide us the following information: 
1. Which sites on the winter range are used by the sheep. 
2. What is their preference for each site, based on percentage of time spend on a particular site. 
3. What is their activity pattern for each site. 
4. Is there a temporal change in this preference andlor activity pattern. 
5. Is there an overlap in range use with elk or mule deer, and to what extent. 

Some remarks about the effectiveness of the used observation method in gaining this information: 

Add 1 : The observation look-out point is well located in obtaining habitat use data of ungulates over the whole 
winter range. However, it has to be considered that vegetation has great influence on the visibility and 
thus the ability to detect the animals (Putman, 1990). Visibility in the forested parts of the winter range 
is almost zero. Despite the bct that those vegetation types are less important in assessing carrying 
capacity for bighorn sheep, since sheep prefer and spend most time in habitats with high visibility 
(Geist, 1971; Risenhoover & Bailey, 1985; Cook, 1990), use of a radio-telemetry system will be a 
necessity. This in particular when the study will be expanded to the whole lower Big Creek drainage. 
The number of sheep equiped with radio-transmitter collars, should be as high as possible to gain a 
sample size that is representative for the whole population. 

Add 2: When animals moved during the observation, only the first and second location were recorded, or if the 
movement continued, the direction of the movement. To get more accurate insight in preference for each 
site, the exact times the animals spend at different locations should be recorded, as well as the duration 
of the movement. 

Add 3: Activity patterns should be quantified for the observation hour. This can be done by determining activity 
of all animals in the group at regular time intervals. Additional information about sheep ecology can be 
obtained if this is done by sexe and age; rams, ewes, yearlings and lambs. 

~ d d  4: Observations to assess habitat use should comprise several years in order to distinguish significant 
preference patterns fiom yearly fluctuations due to environmental bctors, e.g., weather conditions and 
amount of accumulated snow. 

Add 5: All above described remarks apply to both habitat use of sheep and habitat use of elk and mule deer, so 
that proper analysis of habitat overlap can be made. 
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APPENDIX I 

LAMB MORTALITY 

Number of observed sheep and ewe:lamb ratios on the Big Creek winter range for the period end of May until mid- 
August 1992. 

DATE LOCATION NUMBER OF SHEEP EWELAMB 

RATIO 

TOTAL EWE LAMB 

5-25 I st bench 3 3 

6-1 1st bench 1 1 . - 

6-9 I st bench 5 3 2 100:66 

6-12 1 st bench 1 1 1OO:O 

6-19 Horse Mtn. 1 1 100:O 

6-20 Horse Mtn. 4 4 1OO:O 

6-2 1 I st bench 33 17 16 10094 

6-22 I st bench 34 17 17 1OO:lOO 

7-5 I st bench 27 14 1'3 10093 

7-9 l s a n d  bench 2 2 100:O 

7-1 1 between Lobauer and Browns 28 17 I I 100:65 
Basin 

7-13 I st bench 1 1 100:O 



APPENDIX I11 

PLANT HEIGHT 

Mean plant height (M) with standard deviation (sd) and number of samples (N) ofAgropyron spicatum (AGSP), 
Poa secunda (POSE), Festuca idahoensis (FEID) and Bromus tectorum (BRTE) by plot and date (1 = 23 March 
and 24 March; 2 = 6 April and 10 April; 3 = 20 April; 4 = 4 May 1992). 

PLOT SPECIES PLANT HElGH I. (CM) 

1 2 3 4 

M +sd N M fsd N M +sd N M fsd N 

I A AGSP 8 2 5 9 4 7 1 1  4 4 17 3 6 

POSE 5 1 5 8 2 5 8 2 5 8 0 I 

BRTE 3 1 28 4 1 29 4 1 30 8 2 30 

1B AGSP 11 4 15 17 7 13 20 8 14 24 8 15 

POSE 4 2 12 5 1 13 5 2 12 4 1 6 

BRTE 2 1 30 2 1 30 3 1 30 4 1 30 

2A AGSP 13 4 18 17 6 12 20 6 14 

POSE 7 2 30 6 2 24 6 2 30 

BRTE 3 1 12 3 1 10 4 1 21 

2B AGSP 12 4 21 16 5 22 20 5 22 

POSE 5 2 28 6 2 25 7 3 26 

BRTE 2 1 11 3 1 16 4 1 27 

3A AGSP 9 2 18 14 4 17 16 5 I8 

POSE 6 1 22 6 2 26 6 2 23 

FED 6 i 27 7 2 27 7 2 26 

BRTE 2 C 1 1 0  I 3 1 3 

3B AGSP - 14 4 7 15 5 7 
9 

POSE 5 2 27 4 1 26 

FEID 4 1 30 5 2 29 

BRTE 5 0 1 4 0 1 



TOPOCRAPIIICAL SITE NUMBER OF ANIMALS ACTIVI lT (%) 

sheep deer elk M F B S SL 

14 east side Horse Mountain 33.5 50  50 

1 5 timbered bench 

16 forest east h o b  

17 ridge above east knob 
100 
100 

18 CliffCreek 50  50 
1.5 100 

TOTAL 1003 223 285 


