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I. The Effects of Sire Breed, Forage Availability and Weather on the

Grazing Behavior of Crossbred Ewes.

Thirty nonpregnant, nonlactating crossbred ewes, six per sire

breed (Suffolk, Clun Forest, Dorset, Polypay and Border Leicester),

were observed grazing together in a 0.87 ha grass-clover pasture for

six days over a two-week period. Observations were taken every ten

minutes during the daylight hours (06.00-21.00 h Pacific daylight

time), when they were allowed to graze, and consisted of a location

and activity recording. Fecal samples were collected and analyzed for

crude protein content as an indicator of the quality of the diet

selected.

The daily grazing pattern consisted of heavy AM grazing until

about 10.00 h and heavy afternoon grazing after about 16.00 h. Cool,

cloudy days had less distinct grazing periods than warm, sunny days.

Average time spent grazing was 9.23 h (4.11 h AM and 5.12 h PM)



and the average times of AM stop and PM start were 10.23 h and 14.59

h, respectively. Average distance traveled was 1.39 km (0.76 km AM

and 0.63 km PM). Sire breed had no effect on either grazing time or

distance traveled. Weather had a greater effect on grazing time but

forage availability had a greater effect on distance traveled. Sire

breeds (averaged over days) differed in their grazing site preference,

and grazing site preference varied over the six observation days

(averaged over breeds). The average % fecal crude protein (% FCP) was

9.51%. Breed differences were not significant (P>.05), and the % FCP

declined as forage availability declined over time.

A ewe's AM and PM grazing times were not correlated but time of

AM stop and PM start were negatively correlated. Grazing time and

distance traveled were only moderately correlated, as were distance

traveled and % FCP. Change in body condition score from the beginning

to the end of the trial was positively correlated with distance and %

FCP, but body weight change was not correlated with any of the grazing

behavior components examined.

II. The Relationships Among Body Weights, Conditions Scores and Lamb

Production Traits in Crossbred Ewes.

Body weights, condition scores and lamb production traits were

measured periodically throughout two production years on 239 Panama

crossbred ewes born in 1980 and 1981 and sired by Suffolk, Clun

Forest, Dorset, Polypay and Border Leicester rams.

Maximum and minimum weights and condition scores occurred at

prelambing, weaning, prebreeding and early lactation, respectively.



Significant breed differences were found for nearly all seasonal

weights, some condition scores, none of the weight and condition score

changes, a few of the lamb production traits and average ewe weight.

Suffolk crossbred ewes were the heaviest, Dorset crossbreds were the

highest in condition and Clun Forest crossbreds weaned the most lambs.

The correlations between each ewe's mean weight and mean

condition score and regression coefficients of ewe's mean weight on

mean condition, for the 1980 and 1981 birthyear ewes were 0.55, 11.5

kg/unit; 0.66 and 9.9 kg/unit, respectively. Correlations between

lamb production traits and mean weight, coefficient of variation (CV)

for weight, mean condition score and CV for condition score were

positive, negative, nonsignificantly negative and near zero,

respectively.

Numerous correlations between weight or condition score at key

periods and previous or subsequent lamb production were examined.

Prebreeding weight had a positive linear effect in both the 1980 and

1981 ewes (b= 0.029 and b= 0.025 lambs born/ewe/kg, respectively).

Also for 1980 ewes, prebreeding condition score had a negative

influence on number of lambs born (b= - 0.263 lambs/condition score

unit), while condition score change during flushing had a positive

impact (b= 0.466/unit change in condition score). Increase in

condition score during the prebreeding period had a positive effect on

the number of lambs born at lower levels of initial condition score.

All of the body weights and some of the condition scores at key

periods were repeatable between production years, while weight and



condition score changes were not. The number of lambs born per ewe

was repeatable (0.20) in the 1980 ewes and lambing date was repeatable

(0.26) in the 1981 ewes.
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SHEEP BREED EVALUATION: GRAZING BEHAVIOR, CONDITION
SCORES AND LAMB PRODUCTION

Chapter 1

INTRODUCTION

In areas where sheep production is based primarily on

pasture grazing, differences in grazing behavior could account

for differences in body weight and condition score and, in turn,

differences in lamb production. The crossbred ewes used in these

studies were of two birth years and were developed by mating

Panama ewes to rams of five breeds. In the first study, which

involved grazing behavior, a small sample from the total

population was utilized. In the second study, body weights,

condition scores and lamb production records for two production

years of the total population were examined.

The objectives of the first study were to characterize

several grazing behavior components, to examine the effects of

sire breed, forage availability and weather on those components

and to compute correlations among behavioral and physical traits.

The objectives of the second study were to characterize seasonal

changes in body weight and condition score, and to examine breed

differences for, relationships among and repeatabilities of body

weights, condition scores and lamb production traits.
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Chapter 2

THE EFFECTS OF SIRE BREED, FORAGE AVAILABILITY AND WEATHER

ON THE GRAZING BEHAVIOR OF CROSSBRED EWES1

BRUCE BERGGREN-THOMAS and W. D. HOHENBOKEN

Department of Animal Science
Oregon State University

Corvallis, Oregon 97331-6702 U.S.A.

1
Tech. Paper No. , Ore. Agr. Exp. Sta. Contribution to North Central
Regional Project NC-111, Increased Efficiency of Lamb Production.
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ABSTRACT

Thirty nonpregnant, nonlactating crossbred ewes, six per sire

breed (Suffolk, Clun Forest, Dorset, Polypay and Border Leicester),

were observed grazing together in a 0.87 ha grass-clover pasture for

six days over a two-week period. Observations were taken every ten

minutes during the daylight hours (06.00-21.00 h Pacific daylight

time), when they were allowed to graze, and consisted of a location

and activity recording. Fecal samples were collected and analyzed for

crude protein content as an indicator of the quality of the diet

selected.

The daily grazing pattern consisted of heavy AM grazing until

about 10.00 h and heavy afternoon grazing after about 16.00 h.

Cool, cloudy days had less distinct grazing periods than warm,

sunny days. Average time spent grazing was 9.23 h (4.11 h AM and

5.12 h PM) and the average times of AM stop and PM start were 10.23 h

and 14.59 h, respectively. Average distance traveled was 1.39 km

(0.76 km AM and 0.63 km PM). Sire breed had no effect on either

grazing time or distance traveled. Weather had a greater effect on

grazing time but forage availability had a greater effect on distance

traveled. Sire breeds (averaged over days) differed in their grazing

site preference, and grazing site preference varied over the six

observation days (averaged over breeds). The average % fecal crude

protein (% FCP) was 9.51%. Breed differences were not significant

(P>.05), and the % FCP declined as forage availability declined over

time.
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A ewe's AM and PM grazing times were not correlated but time of

AM stop and PM start were negatively correlated. Grazing time and

distance traveled were only moderately correlated, as were distance

traveled and % FCP. Change in body condition score from the beginning

to the end of the trial was positively correlated with distance and %

FCP, but body weight change was not correlated with any of the grazing

behavior components examined.

INTRODUCTION

An understanding of the grazing behavior of sheep is important,

especially in areas where ewes are grazed nearly year-around and

receive little supplementary feed. Numerous studies have been

conducted to examine the effects on grazing behavior of many aspects

including physical state (age, sex, pregnancy, lactation, body

condition), breed, season, weather (temperature, humidity, wind),

forage quantity and quality, diet selection and social structure

(dispersion and association). These studies have ranged in scope from

a few sheep on 0.1 ha to thousands of sheep grazing on whole islands.

New techniques such as plotting machines, rangemeters, pedometers and

vibracorders have been developed to aid in data collection.

Past Oregon State University research results have shown genetic

x environment interactions when comparing Suffolk and whiteface

(Columbia or Willamette) straightbred and crossbred ewes on hill and
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irrigated pastures. In one study Suffolk crossbred ewes had lower

fertility, prolificacy, lamb survival and ewe longevity than Columbia

crossbred ewes on hill pasture, but on irrigated pastures the breed

ranking was reversed (Hohenboken and Clarke, 1981 and Clarke and

Hohenboken, 1983). In an earlier study, straightbred Suffolk ewes

generated less gross income than Willamette ewes on hill pastures;

while on irrigated pastures, the reverse was true (Hohenboken et al.,

1976 and Hohenboken, 1976).

The first objective of this study was to characterize several

grazing behavior components (GBC) including daily grazing pattern,

time spent grazing, distance traveled, grazing location preference and

fecal crude protein percentage, as an indicator of the quality of diet

selected. The second objective was to examine the effects of sire

breed, forage availability and weather on these GBC. The third

objective was to compute correlations among the GBC and between the

GBC and such physical traits as body weight and condition score.

MATERIALS AND METHODS

Sheep

Thirty nonpregnant, nonlactating, two-year-old ewes were selected

from a total of 260 crossbred ewes which were sired by Suffolk, Clun

Forest, Dorset, Polypay and Border Leicester rams and from Panama

ewes. Six ewes were chosen from each sire breed such that the mean



and distribution of their body weights and condition scores

were characteristic of their respective sire breed group. The whole

group of crossbred ewes had been grazed and managed together as a

single flock since birth.

Pasture

The grazing observations were made on a 0.87 ha, nonirrigated

hill pasture which contained predominantly grasses (ryegrass,

orchardgrass and tall fescue) and clovers (white and subterranean).

The quadrangular shaped pasture (Fig. 1) was roughly 55 m by 165 m

with a water tank at the west end and shade provided by trees along

the south fenceline. The slope of the pasture was from the NW and NE

corners down to the SW corner. The pasture was marked off into 26

equal areas or "sections" designated by numbered metal stakes. Forage

quantity declined over the two-week period to a point of approximately

30% of the original level (Table I). Actual forage quantity was not

measured so relative forage availability per day was estimated by

assuming a constant rate of forage removal and no regrowth.

Weather conditions

Daily weather conditions varied from cool and cloudy to warm and

sunny with approximately eight hours of light rain falling on the

second observation day (Table I). Little variation occurred in the

daily low temperature and humidity over the trial period, so these

factors were not examined. Due to a correlation of 0.96 between daily
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high temperature and sunlight (radiation), only high temperature was

used in the analysis.

Procedures

The 30 ewes were placed in the pasture, during the daylight

hours, for a three day acclimitization period prior to the first

observation day. The ewes were observed from 06.00 to 21.00 h Pacific

daylight time on July 11, 13, 15, 17, 20 and 24, 1982. From July 8

through 24, they were confined to a pole barn from 21.00 to 06.00 h

each day. On the afternoons after each observation day, fecal samples

were collected and oven dried. Samples were later subjected to

Micro-Kjeldahl procedures to determine the percentage crude protein

(AOAC, 1975). The average percent error of the samples run in

duplicate was 2.4%. The ewes were weighed and condition scored before

and after the grazing study. The condition score was based on a

five-point scale, in 1/2 unit increments (1=very thin to 5=very fat),

based on palpation of the spinous and transverse processes of the

lumbar vertebrae for degree of muscling and fat, similar to the

scoring system developed by Jefferies (1961).

Cloth strips were fastened around the ewes' bodies as

identification. The ewe's sire breed was designated by the color and

individual ewes within each sire breed were identified by the number

and location of the strips. Each sheep's location and activity

(grazing, resting or drinking) were recorded at ten-minute intervals,

with the aid of binoculars, on each of the observation days.
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At the end of the grazing period the ewes were fed alfalfa hay

pellets, ad libitum, in confinement for one week. Fecal samples were

collected at the end of this period and analyzed.

Statistical methods

Time spent grazing per ewe per day was estimated by multiplying

the numbers of periods in which a ewe was recorded to be grazing by

ten minutes. Distance traveled was estimated by summing the linear

distances between the successive observed locations during the day.

The distance from center of section to center of section was used.

Three primary files were created to study the effects of breed,

forage quantity and weather on grazing behavior components. The first

had 180 lines (one per sheep per day) and was used to examine the

effects of breed and day. The second file had 30 lines (one per

sheep) and was used to examine the relationship between the GBC and

physical traits (weight and condition score). The third file had only

six lines (one per day) and was used to study the effects of forage

availability and weather on GBC.

RESULTS AND DISCUSSION

Daily grazing pattern

The average percentage of sheep observed grazing during each

half-hour interval, averaged over the six observation days (Fig. 2A),

showed relatively heavy grazing (80-100%) from 06.00-10.00 h and from

17.00-21.00 h, moderate grazing (20-80%) from 10.00-11.00 h and from

14.00-17.00 h and light grazing (0-20%) from 11.00-14.00 h. The



morning decline from heavy to light grazing occurred within one hour,

whereas the afternoon increase from light to heavy grazing occurred

gradually over a three-hour period.

Generally the periods of most active grazing in sheep are

reported to be during the early morning, late afternoon and early

evening with a period of decreased activity during midday. Hughes and

Reid (1951) observed four separate and distinct grazing periods within

a day. These periods of high grazing activity occurred during the

predawn, early and late morning and all afternoon and early evening.

Results reported by Lofgreen et al. (1957) indicated that grazing

activity increased during early morning, decreased in late morning and

then increased again in the afternoon. Bueno and Ruckebusch (1979)

observed a relatively more uniform grazing pattern with periods of

lower activity at midmorning and noon and a gradual afternoon increase

with peak activity at dusk.

These studies were based on a 24-hour observation period, whereas

the current study was based on observations made on sheep which were

allowed to graze only during daylight hours (06.00-21.00 h). This

restricted grazing period may account for the two large, distinct,

uniform periods of relatively intense grazing, in an attempt to make

up for their lack of predawn and postdusk grazing. Although sheep

normally exhibit some nighttime grazing, Hughes and Reid (1951) stated

that during the summer months 95 to 100% of the grazing occurred

during daylight hours. Bueno and Ruckebusch (1979) reported that

approximately 60 to 65% of the total grazing time occurred during a
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12-hour period (08.00 to 20.00 h). These results are not in

contradiction, because the daylight hours in July would be 15 to 16.

The small amount of nighttime grazing lost by the sheep in this

experiment likely was compensated for by more midmorning and

midafternoon grazing.

No breed differences in daily grazing patterns were observed but

forage availability and, more importantly, weather did contribute to

observed differences. A comparison of the two observation days with

similar high temperatures but different forage quantities (July 11 and

20) suggested that, at the lower forage availability, ewes exhibited

one hour longer morning and one hour shorter afternoon grazing

periods. Arnold (1962) compared the grazing pattern of sheep at

different forage quantities and found that at high quantities there

were four major periods, whereas at lower forage quantities there were

only two periods of very intensive grazing. Lofgreen et al. (1957)

studied the effect of decline in forage quantity on daily grazing

pattern and reported that the number and length of the grazing periods

were dependent on pasture type.

The effect of weather was examined by contrasting the average of

the four warm days with the two cool days (Fig. 2B and C). The warm

days were characterized by intensive AM and PM grazing with almost no

grazing from 11.00-15.00 h, whereas the cool days showed less

concentrated grazing with peak periods at approximately 07.00, 10.00,

14.00, 18.00 and 20.00 h.
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Time spent grazing

The average daily time spent grazing was 9.23 ± 0.07 h, which was

composed of 4.11 t 0.04 h in the morning and 5.12 ± 0.05 h in the

afternoon and early evening. The average time that the sheep stopped

grazing in the morning was 10.23 h and the average time they started

to graze in the afternoon was 14.59 h.

The average of numerous older studies, which used the direct

observation method (at intervals of 2 to 20 min) to measure daily time

spent grazing, is 9.20 h (Tribe, 1949; England, 1954; Hughes and Reid,

1951; Lofgreen et al., 1957; Arnold, 1960 and 1962; Southcott et al.,

1962; Sharafeldin and Shafie, 1965). However, the average of several

more recent studies, which used vibracorders, is 7.68 h spent grazing

per day (Allden 1962; Donnelly et al., 1974; Arnold and Birrell,

1977; Dudzinksi and Arnold, 1979). The results of our study were very

comparable to the average of previous studies which used the

observation method to determine time spent grazing. Bowns (1971),

studying the grazing behavior of range breeds on summer mountain

ranges, found the AM grazing time (4.47 h) significantly shorter than

the PM grazing time (5.43 h) and AM stop and PM start times to be

10.12 h and 14.05 h, respectively.

The results of our study showed no significant effect of sire

breed on total, AM or PM grazing time or on AM stop or PM start times.

However, Border Leicester crosses grazed consistently longer and

Suffolk crosses grazed consistently less than the other breed crosses.

England (1954) reported that Scottish Blackfaces, Clun Forests and

Spanish Merinos grazed longer than Suffolks. In a study by Dudzinski
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and Arnold (1979), significant breed differences for time spent

grazing were reported. Suffolks ranked highest followed by Border

Leicester, Dorset Horn, Romney and Cheviot with Southdowns lowest.

Other studies have found breed differences for time spent grazing

(Sharafeldin and Shafie, 1965; Bowns, 1971; Arnold, 1975). In a study

comparing West African Dwarf (WAD), WAD x Nungua Blackhead and WAD x

Long Legged Sahilian sheep, Asiedu (1978) did not find breed

differences in time spent grazing. The sheep used in our study, and

quite possibly those used by Asiedu, were all raised by the same breed

of dam. This may account for the lack of breed differences in this

and most of the other traits examined and will be discussed in greater

detail later.

There was significant variation among observation days in time

spent grazing, as was true for nearly all of the grazing behavior

components examined. Variation in high temperature accounted for more

of the variation in total and AM grazing time and for AM stop and PM

start times than did variation in forage availability. However the

opposite was true for PM grazing time (Table 2).

Three methods have been used to study the effect of forage level

and(or) availability on the time spent grazing. One method is to

graze the sheep as one flock in one pasture for a period of time so

that they experience a gradual decline in forage level. A second

method is to graze the sheep as several groups of equal size on

different pastures, with different initial forage levels. The third

method is to graze several groups on several pastures with the same
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initial forage level but at different stocking rates to simulate

different levels of forage availability.

Using the first method, Arnold (1975) reported an average of

8.81, 8.62, 9.56 and 9.86 h of grazing for nonlactating ewes on high,

medium, low and very low levels of forage, respectively. Lofgreen et

al. (1957) also used this method and found 7.75 and 9.55 hours for

high and low forage levels, respectively.

The average of the results found by investigators using the

second method is 7.62 and 10.99 h, respectively, for high and low

forage levels with an average difference of 3.37 h (England, 1947;

Allden, 1962; Donnelly et al., 1974; Arnold and Birrell, 1977).

Arnold (1962) used the third method and found sheep grazed 7.03,

8.65, 9.68 and 10.33 h when stocked at 5, 6, 8 and 10 sheep per

hectare (high to low forage level). lynch and Hedges (1979) also used

this method and reported that sheep at higher stocking rates (lower

forage level) first had increased grazing time but then decreased

grazing time. They suggested that stocking rate affected forage

availability which affected live weight which had a greater effect on

grazing time than did simply the number of ewes in the grazing group.

Although nearly all of the literature showed higher grazing time

with lower forage levels, Arnold (1975) and Lynch and Hedges (1979)

showed that grazing time may decline at medium or low forage levels,

respectively. Our results were 9.55, 9.28 and 8.86 h of grazing for

forage levels of high, medium and low, respectively.
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Dudzinski and Arnold (1979) have reported that temperatures along

with humidity and day length influenced grazing time and AM start and

stop and PM start and stop times. Arnold (1982) found that weather

accounted for 58% of the variation in grazing time.

Distance traveled

The average distance traveled per day was 1.39 ± 0.02 km, which

was composed of 0.76 ± 0.01 km traveled in the morning and 0.63 t 0.01

km traveled in the afternoon. Several investigators including Tribe

(1949), Hughes and Reid (1951), Southcott et al. (1952), England

(1954) and Bowns (1971) have estimated distance traveled using the

direct observation method (numbered stakes or map). The average of

their estimates for distance traveled was 2.95 km. Cresswell (1960)

and Cresswell et al. (1961) used rangemeters to measure distance

traveled and obtained an average estimate of 2.06 km. The estimate

obtained in our study was below the average but near the low range of

reported estimates. A possible cause could have been the size of the

sections (18 m x 18 m), but pasture size, flock size or some other

unmeasured variable may also have been involved. Bowns (1971) also

found that sheep traveled farther in the morning (2.42 km) than in the

afternoon (1.45 km).

No significant breed differences were found for distance

traveled, but the Polypay crosses tended to have greater and the

Dorset crosses tended to have shorter distances. Other researchers

have found significant breed differences for distance traveled

(England, 1954; Cresswell, 1960; Bowns, 1971).
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Variation in forage availability accounted for much more of the

variation in total, AM and PM distance than did variation in

temperature (Table 2). Cresswell et al. (1961) found that as forage

level declined over a three-week period, the average distance traveled

increased from 2.30 to 2.69 to 2.79 km per day. England (1954)

reported that ewes grazing a pasture with a high forage level traveled

1.87 km compared to 3.38 km for the same group of sheep when grazing

on a sparse pasture. Our results were opposite; distance traveled

declined from 1.61 to 1.34 to 1.22 km per day as forage level declined

from high to medium to low.

Degree of activity

Three additional variables were measured that were related to

distance traveled and degree of activity. The number of different

sections grazed by each sheep on each day and the number of location

changes per sheep per day were both related to distance traveled.

They had correlation coefficients with estimated distance traveled of

0.50 and 0.72, respectively. Grazing speed was calculated by dividing

total grazing time by total distance traveled and had correlation

coefficients of -0.28 and 0.87 with total time and total distance,

respectively.

The average number of different sections grazed per individual

ewe per day was 18 out of 26, and the average number of location

changes was 40. Scott and Sutherland (1981) reported that the

proportion of the pasture grazed in a day depended on the flock size

and ranged from 15 to 60% as flock size ranged from 20 to 1,600 ewes

in a 850 ha pasture. The average grazing speed in our study was 151
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m/h with an average AM and PM grazing speed of 179 and 124 m/h,

respectively.

No significant breed differences were found for these three

variables, but observation day was a significant source of variation.

All three were more affected by variation in forage availability than

by variation in daily high temperature (Table 2).

Grazing site preference

The first step in examining grazing site preference was to record

the number of times that each of the 30 ewes was observed grazing in

each of the 26 sections on each of the 6 days. The analysis proceeded

using two methods: analysis of variance (ANOVA) and Chi-square.

A four factor ANOVA with breed, animal, day and pasture section

as sources of variation was used with the number of grazing events per

ewe, section and day as the dependent variable. It revealed a highly

significant (P<0.00005) breed x day x section interaction. Thus the

effect of any one of these variables could not be predicted accurately

without knowledge of specific values for the other two variables.

Next the coefficient of variation (CV) was computed for each

ewe's observed number of grazing events in each of the 26 sections on

each day. This was an estimate of each ewe's degree of grazing site

preference in that little or no preference would produce a low CV

while a high degree of preference would produce a higher CV. Those

180 CV's were analyzed by a three factor ANOVA with breed, animal and

day as sources of variation. Breed and observation day differences
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were not significant, and CV's were more affected by variation among

days in high temperature than by variation among days in forage

quantity.

The other method of analyzing for grazing site preference was to

condense the 4,680 original observation frequencies (one for each

sheep in each section on each day) into 780 (one for each breed in

each section on each day) by summing the frequencies across sheep

within breed. They were further summed across days to give a

frequency for each breed in each section. Separately, they were

summed across breeds to give a frequency of all sheep in each section

on each day. In the breed by section data file, the average of the

five breeds was used at the expected value, in each section, to test

each section with Chi-square. Likewise, in the day by section data

file, the average of the six days was used as the expected value to

test each section. Of the 26 sections, 17 and 5 had significant breed

differences at the 1% and 5% levels, respectively, and four were

nonsignificant. Significant differences day to day were found at the

1% level in 25 of the sections.

Relative preference indexes (RPI) were computed for each breed in

each section by dividing each breed's frequency in each section by

that breed's average frequency. Relative preference indexes over one

would indicate some degree of preference and indexes less than one

would indicate some degree of avoidance. RPI's were also computed for

total sheep in each section on each day.

The RPI for each breed, day and total (averaged across both breed

and day) as well as the Chi-square values are shown in Figures 3 and
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4. From Figure 3 it can be seen that Suffolk crosses preferred the

NE, NC (where C stands for central) and W boundary; Clun Forest

crosses the E, NC, C and SW; Dorset crosses the NE and NC; Polypay

crosses the SE, NC and SW, and the Border Leicester crosses the SE,

NE, C and WC parts of the pasture. The areas with the greatest breed

differences for grazing site preference were the E, NE and NW

boundary. Arnold and Pahl (1974) reported finding significant breed

differences in the use of different parts of a pasture.

Over the six observation days (Figure 4), grazing preference

shifted from the very SE and W end, excluding the very NW corner (day

1); to the C and E end, excluding the SC (day 2); to the NE, N and C

(day 3); to the E half, excluding the C and SC (day 4); to the W end

and NC (day 5); and finally to the very E end and NW corner (day 6).

The parts of the pasture with the greatest differences among days were

the NE and NW corners.

When averaged over all sheep and all days (Figure 4), the grazing

preferences did tend to average out across sections, but they were

still significantly different using Chi-square. Some sections still

received 50% more and some 60% less grazing than would have been

expected if there had been no preference. This section preference was

probably due to variability of forage quantity and quality, but these

factors were not measured in this experiment. The area with the

greatest preference was the NE corner, which also was the area highest

in elevation, similar to the findings of Scott and Sutherland (1981).

The area with the least grazing was the SC part along the shaded
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fenceline where the whole flock bedded down during midday. Therefore

this area was higher in fecal material and weeds which is similar to

the findings discussed by Hulet et al. (1975).

Fecal crude protein

Fecal crude protein percentage (FCP) was measured as a possible

indicator of the quality of the diet selected by the sheep over the

observation days. Holechek et al. (1982), in a review article, cited

two references that reported the correlation between the % N in the

diet and the % N in the feces of cattle to be 0.96 and 0.90. Our

rationale, therefore, was that individuals or breeds with higher

values of % FCP would be those which had selected a higher quality

diet. It was not possible to monitor or estimate daily intake or rate

of passage; and it is not known whether these variables might have

influenced the % FCP, of individuals or breeds, beyond variation

attributable to diet quality. Also, percentages of digestable versus

indigestable protein of the forage available or of grazed forage were

not monitored.

FCP percentages in our study declined consistently from 10.2% on

day one to 9.1% on day six, with an average of 9.5%. Analysis of

variance with breed, animal and observation day as sources of

variation indicated that day was highly significant but that breed was

not significant. FCP was affected by variation in forage availability

(R
2=0.81) but was not affected by variation in temperature

(R
2
=0.06).
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Variation in % FCP could have been due to variation in the % CP

of the diet (related to selective grazing) or due to variation in the

sheeps' efficiency of protein digestion. In an attempt to separate

these two effects, fecal samples were collected after the sheep had

been fed a consistent pelleted diet for a week. The average % FCP

from the barn feeding phase (% BFCP) was 10.8%, with breed means

ranging from 11.3% to 10.3% for Clun Forest and Polypay crosses,

respectively. Analysis of variance revealed breed differences at

P<.06.

Additive adjustment factors were computed for each sheep to

correct the unadjusted pasture % FCP (UFCP) data for apparent

variation in efficiency of protein digestion and thereby to reveal

only underlying variation in % CP of the selected diet. Analysis of

variance for adjusted % FCP (AFCP) detected breed effects at P<.07.

Breed means for % AFCP ranged from 10.0% to 9.1% for Polypay and

Border Leicester crosses, respectively. Breed means and their

standard errors for % UFCP, % BFCP and % AFCP are given in Table 3.

Langlands (1968) reported significant differences in the

digestibility of the diet selected by different breeds of sheep. In a

later study, using oesophageal fistulas, he found significant breed

differences in the nitrogen content of the diets selected by Merino,

Dorset Horn and Border Leicester wethers, in descending order

(Langlands, 1969). The three breed crosses in our study most similar

to these three breeds (Polypay, Dorset and Border Leicester) also

ranked in that order for % AFCP.
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Correlations between grazing behavior components

The correlation coefficients between the different grazing

behavior components (GBC) are presented in Table 4 and a few of the

more relevant correlations are discussed below. Total time spent

grazing was more highly correlated with PM grazing time than with AM

grazing time. AM time and PM time were not significantly correlated

but AM stop and PM start times were moderately, negatively correlated.

Sheep which stopped grazing later in the morning tended to start

grazing earlier in the afternoon. Time spent grazing and distance

traveled were only modestly correlated. Distance and speed were more

highly correlated with UFCP than with AFCP. UFCP and AFCP were

moderately correlated.

Correlations between GBC and physical traits

Initial, final and change in body weight were not correlated with

any of the GBC examined (Table 5). Initial body condition score was

negatively correlated with distance and UFCP, but significance was

only at the 10% level. Final body condition score was not correlated

with any of the GBC but body condition score change was significantly,

positively correlated with distance and UFCP. Other researchers have

found that thin ewes spend longer grazing than fat ewes (Donnelly et

al., 1974; Arnold and Birrel, 1977). However, we did not find that

tendency for time spent grazing.

Discussion

Two factors that could account for the lack of significant breed

differences in GBC are common breed of maternal rearing and aspects of
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social behavior.

Early life experience was found by Arnold and Mailer (1977) to be

very important in determining patterns of grazing behavior. They

found that sheep raised on hay from birth to three years of age grazed

longer but obtained less feed and consequently lost more weight

initially than did sheep reared on pasture. They concluded that

grazing ability was a learned character. Maternal families,

containing ewes with daughters born over several years, tend to occupy

the same home range and consequently graze the same plant communities

(Hunter and Milner, 1963). Arnold and Mailer (1977) also reported

that ewes and their offspring raised in the same pasture environment

showed similar preferences for different plant species.

Key and Maciver (1980) examined the effect of maternal influence

on grazing behavior by cross-fostering half of the lambs produced from

two distinctly different breeds (Clun Forest and Welsh Mountain). The

two groups were reared separately according to the breed of foster

mother until weaning when the grazing behavior of the lambs was

studied. They found that the breed of maternal rearing influenced

several traits such as degree of dispersion, preference for parts of

the pasture and daily grazing/resting pattern. This phenomenon of

maternal influence may be important in crossbreeding systems in which

sires of "improved" breeds are mated to dams of well adapted or

indigenous breeds to produce "improved" offspring that still retain

much of the grazing behavior adaptation of the dam breed.
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Aspects of social behavior include individual, family, breed and

flock identity and association as well as social facilitation and

inhibition between flocks and sub-flocks. Tribe (1950) was one of the

first to report that the behavior of one group of sheep could be

affected by the behavior of the rest of the flock. He found that

supplemented ewes grazed longer when grazed together with

unsupplemented ewes than when grazed as a separate flock. Holder

(1962), in similar trials, found that the unsupplemented ewes

eventually decreased their grazing time to the level of the

supplemented ewes. Although their results were opposite, both showed

intraflock, intergroup influences. Arnold (1962) observed

associations between individual sheep during grazing but found no

evidence that this association affected their grazing time. In a

study that measured group sizes, paired associations and

nearest-neighbor association, Arnold and Pahl (1974) reported that

when groups of sheep of the same breed, age and sex were brought

together and grazed, they became homogeneous within a few weeks but

that when the sheep were of different breeds, they did not mix even

after several years. Winfield and Mullaney (1973) also reported

segregation of breeds in mixed flocks. Winfield et al. (1981) found

that when sheep from a mixed-breed group were grazed together they

showed no breed preference but that sheep from single breed groups did

show breed preference when mixed.
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In our study it is unlikely that the different sire breed groups

had acquired breed identity due to their common breed of maternal

rearing. If a significant breed identity had been present, it would

have decreased the within crossbred group variation and increased the

between crossbred group variation for the grazing behavior components

examined; there was no suggestion that this was the case. Our

measurements of distances between sheep were too crude (0 or 18 or 25

or 36 meters...) to be used to test for breed differences in paired or

nearest-neighbor association.



TABLE 1

Relative forage availability and weather conditions on the observation days

Observation
day Dage

Relative forage
availability

Daily high
temp ( °C)

Radiation
(langleys)

Precipitation

(m)

1 July 11 88 29 540 0

2 July 13 80 21 228 8

3 July 15 72 19 288 0

4 July 17 64 31 552 0

5 July 20 52 29 540 0

6 July 24 36 32 564 0
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TABLE 2

Correlation coefficients and coefficients of determination between grazing
behavior components and forage availability and daily high temperature

Component

Forage level High temperature

r r
2

r
2

Total time 0.70 0.49 -0.85* 0.72

AM time 0.17 0.03 -0.66 0.44

PM time 0.98** 0.96 -0.70 0.49

AM stop 0.25 0.06 -0.86* 0.74

PM start -0.76 0.58 0.92** 0.85

Total distance 0.85* 0.72 -0.08 0.01

AM distance 0.82* 0.67 -0.15 0.02

PM distance 0.62 0.38 0.00 0.00

No. sections grazed 0.50 0.25 0.30 0.09

No. locations changes 0.96** 0.92 -0.56 0.44

Grazing speed 0.63 0.40 0.28 0.08

CV -0.48 0.23 0.77 0.59

1; FCP 0.90* 0.81 -0.24 0.06

Based on 6 pairs (dfii4).

*P(0.05)

**P(0.01)
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TABLE 3

Breed means and their standard errors for fecal crude protein percentages

Breed group % UFCPa % BFCPb % AFCPc

Suffolk 9.74 (0.16) 10.87 (0.22) 9.72 (0.17)

Clun Forest 9.65 (0.13) 11.28 (0.25) 9.19 (0.15)

Dorset 9.32 (0.10) 10.52 (0.20) 9.62 (0.10)

Polypay 9.39 (0.11) 10.25 (0.25) 9.96 (0.14)

Border Leicester 9.42 (0.12) 11.16 (0.30) 9.09 (0.15)

aUnadjusted Fecal Crude Protein
b
Barn Fecal Crude Protein

c
Adjusted Fecal Crude Protein



TABLE 4

Correlations among grazing behavior components

AMT PMT AMS PMS Dist. AMD PMD No. G No. A Speed CV UFCP AFCP

Time 0.64 0.86 0.57 -0.58 0.22 0.06 0.29 0.18 0.48 -0.28 -0.06 0.12 -0.08

AM time 0.11 0.79 -0.29 0.03 -0.07 0.11 0.02 0.26 -0.28 0.02 -0.01 -0.07

PM time 0.16 -0.54 0.25 0.12 0.29 0.21 0.42 -0.17 -0.10 0.15 -0.05

AM stop -0.46 -0.08 -0.06 -0.07 -0.07 0.27 -0.34 -0.04 0.00 -0.05

PM start -0.23 -0.25 -0.13 -0.06 -0.54 0.05 0.17 -0.20 -0.03

Distance 0.78 0.81 0.50 0.72 0.87 0.09 0.36 0.22

AM distance 0.29 0.40 0.55 0.75 0.08 0.28 0.14

PM distance 0.41 0.61 0.64 0.09 0.29 0.15

No. grazed 0.46 0.41 0.24 0.03 -0.04

No. changes 0.48 0.00 0.29 0.12

Speed 0.10 0.29 0.26

CV -0.11 -0.03

UFCP 0.47

Based on 178 df.

*P(0.05) = 0.15. **P(0.01) = 0.19.
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TABLE 5

Correlation coefficients between grazing behavior components and physical
traits

Time Distance
Section
changes UFCP BFCP AFCP

Beginning wt. -0.04 -0.02 -0.07 0.09 -0.08 0.13

End wt. -0.06 0.06 0.01 0.07 -0.08 0.14

Change wt. -0.06 0.20 0.18 -0.05 -0.05 0.03

Beginning BC -0.01 -0.32 -0.33 -0.29 -0.11 -0.05

End BC -0.16 0.01 -0.01 0.11 0.04 0.01

Change BC -0.17 0.39* 0.36* 0.46** 0.18 0.08

Based on 28 df.

*P(0.05) = 0.35 **P(0.01) = 0.45.
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FIG. I. Map of the observation pasture with marked off sections.
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ABSTRACT

Body weights, condition scores and lamb production traits were

measured periodically throughout two production years on 239 Panama

crossbred ewes born in 1980 and 1981 and sired by Suffolk, Clun

Forest, Dorset, Polypay and Border Leicester rams.

Maximum and minimum weights and condition scores occurred at

prelambing, weaning, prebreeding and early lactation,

respectively. Significant breed differences were found for nearly

all seasonal weights, some condition scores, none of the weight and

condition score changes, a few of the lamb production traits and

average ewe weight. Suffolk crossbred ewes were the heaviest,

Dorset crossbreds were the highest in condition and Clun Forest

crossbreds weaned the most lambs.

The correlations between each ewe's mean weight and mean

condition score and regression coefficients of ewe's mean weight on

mean condition, for the 1980 and 1981 birthyear ewes, were 0.55,

11.5 kg/unit; 0.66 and 9.9 kg/unit, respectively. Correlations

between lamb production traits and mean weight, coefficient of

variation (CV) for weight, mean condition score and CV for condition

score were positive, negative, nonsignificantly negative and near

zero, respectively.

Numerous correlations between weight or condition score at key

periods and previous or subsequent lamb production were examined.

Prebreeding weight had a positive linear effect on number of lambs
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born in 1983 in both the 1980 and 1981 ewes (b=0.029 and b=0.025

lambs born/ewe/kg, respectively). Also for the 1980 ewes,

prebreeding condition score had a negative influence on number of

lambs born (b=-0.263 lambs/condition score unit), while condition

score change during flushing had a positive impact (b=0.466 per unit

change in condition score). The major effect of increase in

condition score during the prebreeding period on the number of lambs

born was at lower levels of initial condition score.

All of the body weights and some of the condition scores at key

periods were repeatable between production years, while weight and

condition score changes were not. The number of lambs horn per ewe

was repeatable (0.20) in the 1980 ewes and lambing date was

repeatable (0.26) in the 1981 ewes.

INTRODUCTION

The relationship between nutrition and reproduction in sheep has

attracted considerable study. In general it has been found that an

increased plane of nutrition before breeding (and an associated

increase in body fat) leads to higher levels of reproduction (Coop,

1966). Subcutaneous fat is more highly correlated with percent body

fat (0.97) than intramuscular, mesenteric or perirenal fat (Russel,

Doney and Gunn, 1971). Condition score, based on palpation of the

subcutaneous fat over the lumbar vertebrae, is more highly

correlated with percent body fat (0.94) than is body weight (0.81),

although it is more lowly repeatable (Russel, Doney and Gunn, 1969).
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Body weight and condition score during the year have been shown

to influence the onset of estrus, ovulation rate, fertilization

rate, embryo survival, number of lambs born, dystocia. lamb

survival, milk production and lamb growth (Ray and Smith, 1966;

Gunn, Doney and Russel, 1972; George, 1975; Doney, Gunn, Peart and

Smith, 1981).

The purpose of this study was to examine the relationships

among body weight, condition score and lamb production in a

population of ewes that were influenced by seasonal variation in

forage quality and quantity and were not subjected to culling based

on physical or production traits.

The first objective was to characterize the seasonal body

weight and condition score changes of ewes managed under

nonirrigated, hill pasture conditions. The second objective was to

examine breed differences for physical traits (weights and condition

scores) and lamb production traits (lambing date, number of lambs

born, number of lambs weaned and total weight of lamb weaned). The

third objective was to examine the correlations and regressions

between weights and condition scores of the same ewe. The fourth

objective was to examine the associations among mean weight,

variation in weight, mean condition score and variation in condition

score with total lamb production. The fifth objective was to

examine through correlations the relationships between physical and

lamb production traits at key periods in the annual production

cycle. The sixth objective was to examine the effects of weight and
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condition score changes during the prebreeding period and weight and

condition score at the beginning of breeding on the number of lambs

born the subsequent lambing. The seventh objective was to examine

the repeatabilities, between adjacent years, of physical and

production traits.

MATERIALS AND METHODS

Sheep

Production records from 1982 and 1983 on 239 crossbred ewes

from two birth years (135 from 1980 and 104 from 1981) were used in

this study. The ewes were developed from mating Suffolk (S), Clun

Forest (C), Dorset (D), Polypay (P) and Border Leicester (B) rams to

Panama ewes. Three sires were used per breed per birth year to give

a total of six sires per breed and 30 sires in total. Populations

and management were described in greater detail by Saoud, Thomas and

Hohenboken (1984). The 1980 ewes were bred to Hampshire rams in

both production years. The 1981 ewes were bred to North Country

Cheviot rams for the first production year and to Hampshire rams for

the second.

Management

In the 1982 production year, the 1980 ewes lambed during

February, were shorn in May and had their lambs weaned in June. The

1981 ewes lambed in March, were shorn in May and had their lambs

weaned in July. The two birthyear flocks were combined in mid-

August, 1982 for flushing (provision of an increased level of
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nutrition before breeding) and teasing (placing vasectomized rams

with the ewes before breeding). The ewes were bred in September,

lambed in February and were shorn and had their lambs weaned in

May. They were again flushed and teased in late August and early

September, 1983.

For both birth years in both production years, the ewes were

kept during lambing at or near a barn for approximately two

months. This included two weeks of grazing before lambing, one

month consuming hay and grain in the barn and then two more weeks of

grazing after lambing. The 1980 ewes spent the rest of the two

production years on nonirrigated hill pasture. The 1981 ewes spent

the lactation and dry period (after weaning and before flushing) of

the 1982 production year on irrigated pasture and the remainder of

the study with the older ewes on the hill pastures.

Ewes were supplemented on pasture with free choice birdsfoot

trefoil-grass-clover hay crop silage during the flushing, breeding

and late gestation periods. General flock management was outlined

by Klinger and Hohenboken (1978).

Data collecton and analysis

Ewes were condition scored and weighed approximately every six

weeks. Condition scores were assigned by a consensus of two scorers

using a 1 to 5 scale (1 = very thin to 5 = very fat) with half-point

increments (Jefferies, 1961; Oliver and Broadbent, 1972; Clout,

Mawbray and Packard, 1974). In July, 1983, 100 ewes (20 per

crossbred group) were condition scored twice on the same day. The
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correlation between these repeated measurements was 0.83, with 65

ewes receiving identical scores, 34 receiving scores differing by

one-half of a unit and one receiving scores differing by one unit.

This correlaton is between 0.58, reported by Milligan and Broadbent

(1975), and 0.88, reported by Evans (1978).

In the 1982 production year, wool weight was added to the ewe's

shorn weight at weaning which was later used to calculate lactation

weight change. Wool weights were not available in 1983. This did

not affect lactation weight change but did affect the calculation of

the dry period weight change.

Physical traits measured included weight and condition score at

prelambing, early lactation, mid-lactation, weaning, mid-dry period,

preflushing, prebreeding and early, mid- and late gestation.

Production traits included lambing date, number of lambs born,

number of lambs weaned and lamb weaning weight.

The lambs' weaning weights were adjusted for the sex of the

lamb (by subtracting 1.6 kg from the males) but not for age of dam,

age of lamb at weaning or type of birth and rearing. Weaning

weights of twin lambs were summed to give weight of lamb weaned per

ewe per year. Total number of lambs born and weaned and total

weaning weight were computed by summation of the 1982 and 1983

records.

Weight and condition score changes were calculated for the

lactation, dry, flushing and gestation periods for each sheep. A

mean weight and condition score and coefficients of variation (CV)
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of weight and condition score were also computed for each sheep.

The records for the two birth years were analyzed separately

due to differences in age of ewe, breed of terminal sire used to

produce the 1982 lambs and pasture type during the 1982 lactation

and dry periods. The data were analyzed using least-squares

procedures (Harvey, 1977) to compute least-squares means,

correlations and analyses of variance. The model included crossbred

group and sires within crossbred group as sources of variation. To

accomplish objective 6, the within breed linear and quadratic

regressions of number of lambs born on prebreeding weight and

condition score and on weight change and condition score change

during the flushing period were also included in the model.

Residual correlations from the analyses of variance were used to

examine relationships between specific physical and production

traits at key periods.

RESULTS AND DISCUSSION

Objective 1

Least squares means for the physical and production traits are

given in Appendix Tables A and 8. The weights and condition scores

for the period from prebreeding, 1982 to prebreeding, 1983 (when

ewes from the two birth years were managed together) are presented

in Figure 5. During this 12-month period, the maximum weight

occurred at prelambing. The minimum weight occurred at prebreeding.

1982 and at mid-dry period but would have occurred at weaning if the

ewes' shorn body weights had been available (as noted by the dotted
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lines). Russel, Gunn and Doney (1968) and Russel, MacDonald, Kerr

and Rudd (1976) reported that maximum weight occurred at breeding

(October and November) and that minimum weight occurred postlambing

(April and May). The amplitudes of the annual body weight curves

for the 1980 and 1981 ewes were 11 and 8 kg or 16 and 13%,

respectively.

The maximum and minimum condition scores occurred at

prebreeding, 1983 and early lactation, respectively. The amplitude

of the annual body condition score curves for the 1980 and 1981 ewes

were 0.73 and 0.62 units or 20 and 18%, respectively.

A comparison of the two birthyear groups shows a considerable

degree of parallelism in both weight and condition score. Up until

the 1982 breeding period, the 1981 ewes were higher in condition

score than the 1980 ewes because they had been grazed on irrigated

pasture the previous lactation and dry periods.

Objective 2

Significant breed differences existed among the 1980 ewes for

weight at nearly all (15 of 17) of the observation periods. Suffolk

crossbreds averaged the heaviest and the Border Leicester crossbreds

were generally the second heaviest. Clun Forest crosses generally

were intermediate except for prebreeding, 1982 to early lactation,

1983 when they were second heaviest and at weaning, 1982 when they

were the lightest. Polypay crosses were generally the second

heaviest except for the dry period of 1983 when they were the

lightest. Dorset crossbreds were generally the lightest.
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Significant breed differences existed for all (15 of 15) of the

weights for the 1981 ewes. Again the Suffolk crossbred ewes were

the heaviest but Polypay crossbreds were usually the second

heaviest. The Dorset, Border Leicester and Clun Forest crossbred

ewes were similar in weight, with the Border Leicester group

lightest in the 1982 lactation, the Dorset crossbreds lightest the

1982 breeding and gestation periods and the Clun Forest crossbreds

lightest in the 1983 lactation.

Among 1980 ewes, significant breed differences existed for

condition score 6 of 16 times. Clun Forest and Dorset crossbreds

were in the highest condition with the Dorset crosses highest during

lactation and Clun Forest crosses highest during breeding. Suffolk

and Border Leicester crossbreds were intermediate, and Polypay

crossbreds had the lowest condition scores. Significant breed

differences existed for condition score only 3 of 14 times for the

1981 ewes. Dorset crosses were in the highest condition followed by

C, B, S and P.

Significant breed differences for lambing date were not found

for the 1982 lambing but were found from both birthyear groups for

the 1983 lambing. Among 1980 ewes, Suffolk crossbreds had the

earliest average lambing date (32.4), followed by D, C, B and P

(38.2). From the 1981 birth year, Dorset crosses had the earliest

average lambing date (35.6), followed by C, P, B and S (40.9).

For the other lamb production traits, significant breed

differences existed in 1980 ewes for number of lambs weaned in 1982
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and total number of lambs weaned for the two-year period. Clun

Forest crossbreds weaned the largest numbers (1.37 and 2.51) and

Suffolk crossbreds weaned the smallest numbers (0.86 and 1.86),

respectively.

Both birthyear groups had significant breed differences for

mean ewe weight over the 20-month study. The 1980 ewes averaged

61.7 kg and breed group means were 65.7, 61.8, 61.5, 60.1 and 59.6

kg for S, B, C, P and D, respectively. The 1981 ewes averaged 57.4

kg and breed group means were 64.1, 57.7, 55.3, 54.9 and 54.9 kg for

S, P, D, B and C, respectively. The averages of the breed group

means for the two birth years were 64.9, 58.9, 58.4, 58.2 and 57.5

kg for S, P, B, C and D, respectively. Donald, Read and Russell

(1969) reported that Clun Forest-sired ewes were lighter in body

weight and higher in number of lambs born per ewe mated but lower in

lambs weaned per ewe mated and weight of lamb weaned than Border

Leicester- and Dorset-sired ewes.

Objective 3

The average of the within observation day correlations between

each ewe's weight and condition score for the 1980 ewes was 0.49 and

ranged from 0.28 to 0.65. For the 1981 ewes, the average

correlation was 0.58, ranging from 0.43 to 0.78. The correlations

were lowest at the prelambing periods (0.28 and 0.39 for 1980 ewes

and 0.45 and 0.44 for the 1981 ewes for production years 1982 and

1983, respectively). This could have been due to variation in ewe

weight in late gestation from different numbers of lambs in utero



49

and differences in stage of gestation when the weight was taken.

The correlations were highest during the dry and preflushing periods

(ranging from 0.54 to 0.78), when all of the ewes were in the same

physiological state (nonpregnant, nonlactating and short-fleeced).

The correlations between mean weight and mean condition score

were 0.55 and 0.66 for the 1980 and 1981 ewes, respectively. The

regression coefficients of mean weight on mean condition score were

11.5 and 9.9 kg/unit of condition score for 1980 and 1981 ewes,

respectively. These coefficients are near the upper limit of the

range of coefficients reported by other researchers of 5.3 to 10.6

kg/unit of condition score (Jefferies, 1961; Russel et al., 1969;

Oliver and Broadbent, 1972; Milligan and Broadbent, 1975; Geisler

and Fenlon, 1979). This could have been due to a larger range in

individual ewe mean weights (from 46.5 to 76.8 kg for the 1980 ewes

and from 38.8 to 74.3 kg for the 1981 ewes).

Objective 4

The correlations among mean weight, CV of weight, mean

condition score, CV of condition score and lamb production traits

are given in Table 6. In general mean weight was positively

correlated with lamb production. The CV of weight was negatively

correlated with the lamb production traits, but correlations were

significant only in the 1981 ewes. Mean condition score was

nonsignificantly but negatively correlated with the lamb production

traits, while CV of condition score and production traits exhibited

no clear relationship. The regression coefficients for total lamb
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production on mean ewe weight were 1.04 kg total lamb/kg ewe or

0.52 kg lamb/kg ewe weight/year for the 1980 ewes and 0.14 kg total

lamb/kg ewe or 0.07 kg lamb/kg ewe weight/year for 1981 ewes. Ray

and Smith (1966) reported a coefficient of 0.1 kg of lamb weaned/kg

ewe weight.

The interactions among mean and CV of physical traits and total

lamb production traits are documented in Appendix Table C. For both

birth years the ewes that were above average for mean weight and

below average for mean condition score had the most lambs at birth

and weaning and weaned the largest total kg of lamb over the two

production years. This group was followed by the ewes that were

above average for both weight and condition score, then by ewes

below average for both weight and condition score and finally by

ewes which were below average for weight and above average for

condition score.

In both birth years, the ewes that were below average for mean

weight and above average in variation in weight produced

considerably fewer lambs and kg of weaned lamb than the ewes in the

other three categories. This was especially true in 1981 ewes where

the difference was 1.25 vs. 2.03 lambs born and 27.1 kg vs. 52.0 kg

of lamb weaned. Also in the 1981 birthyear group, the ewes that

were above average or below average for both mean weight and

variation in weight had much lower lamb mortality (6.5%) than ewes

that were above average for one and below average for the other

(24.5%). This difference could not be accounted for by differences
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in litter size (1.98 vs. 1.71 total lambs born in two years).

Other researchers have reported more dystocia and lower lamb

survival in overfat ewes (Alexander, 1960; Hewson and Verkaik,

1981), thin ewes (George, 1975) and light weight ewes (Ray and

Smith, 1966).

When comparing ewes that are above vs. below average for mean

and variation in condition score the results are less clear than

with weight. In the 1980 group, the ewes with above average mean

and variation in condition score and ewes with below average mean

and variation in condition score tended to have more total lambs

born (2.81 vs. 2.54) and total kg of lamb weaned (64.2 vs. 59.2)

than the other two groups.

Objective 5

The abbreviations used in later tables are defined in Table

7. The correlations between the physical and lamb production traits

for both birth years and production years are given in Tables 8 to

11.

Prelambing weight was consistently positively correlated with

the number of lambs born and weaned and total weaning weight, while

prelambing condition score was not. Both prelambing weight and

condition score tended to be negatively correlated with lactation

weight and condition score changes.

Postlambing weight tended to be positively correlated with

number of lambs born and weaned and total weaning weight while

postlambing condition score was consistently negatively correlated
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with these traits. Most other researchers have found that ewes

higher in weight and condition score produced more milk, had a more

persistent lactation and raised faster growing lambs (Peart, 1968

and 1970; Gibb and Treacher, 1980; Mavrogenis, Hancock and Louca,

1980) with the exception of Gibb and Treacher (1982). Both

postlambing weight and condition score were generally negatively

correlated with lactation weight and condition score changes.

The correlations between lactation weight or condition score

change with the production traits were highly variable, ranging from

-0.51 to 0.42. Neither lactation weight nor condition score change

was consistently correlated with lambing date.

Ewe weight at weaning tended to be positively correlated with

the production traits, but condition score at weaning was

consistently negatively correlated with these traits. Both ewe

weight and condition score at weaning were consistently positively

correlated with postlambing and preflushing weights and condition

scores. They were also generally negatively correlated with weight

and condition score changes during the dry period and with lambing

date.

Weight and condition score changes during the dry period were

generally negatively correlated with the production traits the

previous spring except for the 1980 ewes in the 1982 production

year. Both dry weight and condition score changes were consistently

positively correlated with preflushng weight and condition score,

were generally negatively correlated with flushing weight and
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condition score changes and were generally positively correlated

with lambing day. Preflushing weight and condition score were

consistently negatively correlated with flushing weight and

condition score changes and were consistently positively correlated

with prebreeding weight and condition score.

The level of lamb production the previous spring tended to be

positively correlated with preflushing weight in the 1980 ewes, but

these correlations generally were negative in the 1981 ewes

(especially in the 1982 production year when ewes were yearlings).

The corresponding correlations for preflushing condition score were

consistently negative. Preflushing weight and condition score were

generally not correlated with lambing date the previous season.

Flushing weight and condition score changes were not

significantly correlated with the level of lamb production the

subsequent season.

Prebreeding weight was consistently positively correlated with

subsequent lamb production, which is similar to results reported by

Ray and Smith (1966), Clout et al. (1974), Bramley, Denehy and

Newton (1976) and Geisler and Fenlon (1979). Condition score tended

to be positively correlated with subsequent lamb production. Many

researchers have reported a positive relationship between condition

score at breeding and litter size (Gunn, Doney and Russel, 1969;

Gunn et al., 1972; Gunn and Doney, 1975 and 1979; Bramley et al.,

1976).

Flushing weight and condition score changes were consistently
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negatively correlated with subsequent gestation weight and condition

score changes. Lambing date was generally not significantly

correlated with subsequent preflushing weight, and likewise

prebreeding weight was not significantly correlated with the

subsequent lambing date. Some researchers have reported that light

weight or thin conditioned ewes had delayed onset of estrus (Gunn et

al., 1972; Gunn and Doney, 1975) while others have not found this

relationship (Williams, Thwaites and Fogarty, 1974; Ducker and Boyd,

1977).

Gestation weight change was consistently positively correlated

with subsequent level of lamb production, while condition score

changes tended to be negatively correlated with later production.

Objective 6

Linear and quadratic effects of prebreeding weight and

condition score and of weight and condition score change during

flushing on the number of lambs born in 1983 were analyzed on a

within breed group basis. For the four independent variables, the

within breed quadratic and pooled quadratic regressiohs as well as

the within breed linear regressions were not significant. In the

1980 ewes, linear effects of prebreeding weight (P<.01) and

condition score (P<.06) and condition score change (P<.01) were

important; while in the 1981 ewes, only the linear effect of

prebreeding weight was significant (P<.01). The best prediction

equations are:

(1.315 ± .049) + (0.29X1 ± .009) - (.263X2 ± .137) +
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(.466X3 t .17) for the 1980 ewes and

= (1.101 ± .054) + (.025X1 ± .009) for 1981 ewes where

Y = predicted no. of lambs born,

X
1

= prebreeding weight (kg),

X
2

= prebreeding condition score, and

X
3

= condition score change during the flushing period, with

X1, X
2
and X

3
defined as deviations from the least-

squares mean for that trait.

The regression coefficients for the linear effect of

prebreeding wt on #1.8 are comparable to those reported by Milligan

and Broadbent (1975) of 0.021 and Adalsteinsson (1979) of 0.011.

Clout et al. (1974) reported that the effect of prebreeding

condition score on the number of lambs born was linear, as was found

in the 1980 ewes; while Adalsteinsson (1979) found it to be

curvilinear, with a maximum value at a condition score of 3.32.

Killeen (1967) reported the effect of weight change during flushing

to be positive, and Adalsteinsson (1979) found it to be curvilinear

with a maximum value at 2.3 kg gain. Adalsteinsson (1979) reported

finding no effect of condition score change during the flushing

period on the number of lambs born.

The lack of effect of any of these factors, other than

prebreeding weight, on the number of lambs born to the 1981 ewes

could possibly be due to the very low litter size in these ewes

(1.12 lambs/ewe) and the fact that, on average, they lost weight

during flushing rather than gaining weight.
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The effect of condition score change can be seen in Table 12.

The greatest effect of increasing the condition score by one-half of

a unit during the flushing period appeared to be at the lower levels

of preflushing condition score.

Objective 7

The repeatability estimates for physical and production traits

of ewes between years are given in Table 13. In both birth years,

the repeatability of weight at prelambing, early lactation, weaning,

preflushing and prebreeding were all highly significant with a range

from 0.56 to 0.76 and average of 0.69. The repeatability estimates

of 0.71 and 0.76 for prebreeding weight are similar to those

reported by Young, Turner and Dolling (1960), More- O'Ferrall (1976)

and Clarke and Hohenboken (1983) of 0.67, 0.73 and 0.61,

respectively.

None of the repeatabilities for condition score were

significantly different from zero in the 1980 birthyear group, but

all were significant in the 1981 group with a range from 0.26 to

0.41 and an average of 0.32. Lasley (1972) reported an average

repeatability of condition score of 0.29. In both birth years,

repeatablities for weight and condition score change during the

lactation, dry and flushing periods were generally not significant.

The repeatability of lambing date was negative but not

significantly different from zero in the 1980 ewes and significant

and positive (0.26) in the 1981 birthyear. The repeatability for

number of lambs born was significant for the 1980 ewes (0.20) but
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was not significant for the 1981 ewes. This repeatability estimate

is similar to that reported by Clarke and Hohenboken (1983) of 0.19

and the average of values from reports reviewed by Turner (1969) but

higher than the average of values from reports reviewed by Lasley

(1972).

The repeatabilities for number of lambs weaned and total

weaning weight of lamb were all positive but not significantly

different from zero. The repeatability estimate of 0.08 for number

of lambs weaned (in the 1980 ewes) is identical to that reported by

Clarke and Hohenboken (1983) and near 0.07, the average of reports

reviewed by Turner (1969). The repeatability estimate of 0.05 for

total weaning weight of lamb is higher than 0.02 (Basuthakar,

Burfening, Van Horn and Blackwell, 1973) but lower than 0.09 (Clarke

and Hohenboken, 1983) and 0.16 (Eikje, 1975).

CONCLUSION

Physical traits of body weight and condition score both affect

and are affected by level of lamb production. More productive ewes

(and breeds) were asociated with higher weights and condition scores

from breeding to early lactation but lower weights and condition

scores at weaning, due to this higher production. This is similar

to the findings of Hight and Jury (1973). Thin, highly productive

ewes could be detected by condition scoring at weaning, separated

and preferentially managed (forward grazed) to bring them back up in

condition before breeding so that they could again express their
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potential for lamb production. Weight at breeding had a greater

effect on the number of lambs born than did condition score at

breeding and both had greater effects than weight and condition

score change during the flushing perod. However, this is based on

only one breeding and this particular breeding season had a poorer

than average flushing (average weight gains of 1.6 and -2.9 kg/ewe

and average condition score gains of 0.24 and -0.01 units/ewe for

the 1980 and 1981 ewes, respectively).



TABLE 6

Correlations among mean physical and total lamb production traits for each birth year

Total number
of lambs born

1980 1981

Total number of
lambs weaned

1980 1981

Total Kg of
lambs weaned

1980 1981

Mean weight 0.25** 0.21* 0.26** 0.06 0.26** 0.03

Coefficient of
variation of weight

-0.03 -0.49** -0.02 -0.44** -0.09 -0.45**

Mean condition score -0.12 -0.10 -0.14 -0.10 -0.16 -0.14

Coefficient of
variation of
condition score

0.01 0.01 0.07 -0.14 0.00 -0.10

* P < 0.05
**P < 0.01
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TABLE 7

Table of abbreviations

#LB - number of lambs born

#LW - number of lambs weaned

TWWT - total weaning weight of litter

LACW - weight change during the lactation period

LACC - condition score change during the lactation period

LDAY - lambing date

DRYW - weight change during dry period

DRYC - condition score change during the dry period

FLOW - weight change during the flushing period

FLUC - condition score change during the flushing period

GESW - weight change during the gestation period

GESC - condition score change during the gestation period

TOT#LB - total number of lambs born over the 2 years

TOT#LW - total number of lambs weaned over the 2 years

TOTWWT - total weight of lambs weaned/ewe for the 2 years

MeanWT - mean weight of ewes over the 2 years

CV WT - coefficient of variation of weight over the 2 years

MeanCS - mean condition score of the ewe over the 2 years

CV CS - coefficient of variation of condition score of the
ewe over 2 years



TABLE 8

Correlation coefficients among physical traits (prelambing, early lactation and lactation change)
and production traits+

Prelambing: Weight Condition score
Birth year 1980 1981 1980 1981
Production year 1982 1983 1982 1983 1982 1983 1982 1983

KB .37 .40 .59 .46 -.09 -.25 .04 -.01
fLW .47 .34 .49 .37 .04 -.09 .13 .10

TWWT .46 .35 . .47 -I -11 -.10 :18 -A
REV ::fi -:A9 -Ai .00 -.03 -.22 .17 -.03

Early lactation: Weight Condition Score

fLB .02 .04 .02 .12 -.20 -.34 -.46 -.36
fLW .19 .05 -.03 .07 -.05 -.29 -.47 -.23
TWWT .21 .07 -.02 .10 -.04 -.32 -.49 -.22
LACW -.35 -.21 -.24 -.32 -.17 -.16 .14 -.16
LACC -.07 -.22 .11 -.11 -.29 -.58 -.35 -.52

Lactation change: Weight Condition Score

fLB -.17 .42 -.16 .13 -.25 -.04 .05 .30

fLW -.43 .35 -.25 .10 -.40 .19 .04 .12

TWWT -.51 .30 -.30 .09 -.43 .15 .04 .08

LDAY -.08 -.04 -.19 .14 -.02 .01 .00 .18

+ For Tables 3-6: if 0.17 < r < 0.22 then P < 0.051
for 1980 ewes

.

(1r > 0.22 then P < 0.01

if 0.19 < r < 0.25 then P < 0.051
for 1981 ewesr > 0.25 then P < 0.01J



TABLE 9

Correlation coefficients among physical traits (weaning and dry period change) and production traits

Weaning:

Birth year 1980

Weight

1981

Condition score

1980 1981

Production. year 1982 1983 1982 1983 1982 1983 1982 1983

/LB -.10 .32 -.07 .21 -.36 -.11 -.39 -.04

RN -.11 .29 -.16 .14 -.43 -.10 -.41 -.10

TWNT -.14 .27 -.19 -.06 -.45 '17: -.43 -.13

Early lactation WT .76 .75 .85 .68 .20 .28 .50 .35

Early lactation CS .36 .33 .50 .32 .28 .41 .66 .44

Dry W -.29 -.33 -.14 -.43 -.46 -.17 .01 -.24

Dry C -.18 .11 .16 -.08 -.57 -.49 -.15 -.57

Preflushing NT .94 .84 .93 .81 .43 .33 .68 .45

Preflushing CS .53 .52 .71 .56 .69 .47 .82 .58

LDAY -.16 -.09 -.22 .00 -.11 -.02 -.14 .15

Dry period change: Weight Condition score

Preflushing NT .06 .23 .23 .18 .03 .33 .27 .14

Preflushing CS .39 .21 .21 .06 .20 .54 .44 .34

/LB .25 -.20 -.40 -.20 .32 .09 -.03 -.14

OLW .28 -.29 -.35 -.28 .32 .06 -.07 -.05

TWNT .31 -.27 -.32 -.32 .33 .09 -.07 -.02

RUM -.03 -.07 -.45 -.27 .00 -.10 -.11 -.22

FLUC -.12 .06 .00 .02 -.40 -.35 -.14 -.24

LDAY .01 .09 .23 .11 .03 .00 .17 -.01



TABLE 10

Correlation coefficients among physical traits (preflushing) and production traits

Birth year 1980

Weight

1981

Condition score

1980 1981

Production year 1982 1983 1982 1983 1982 1983 1982 1983

FLUW .05 -.10 -.29 -.06 -.05 -.07 -.21 -.08

FLUC -.04 -.30 .07 -.11 -.27 -.50 -.05 -.38

Prebreeding WT .95 .96 .93 .95 .49 .62 .73 .61

Prebreeding CS .47 .46 .72 .61 .73 .68 .85 .81

#LB 1982 .01 .19 -.22 .10 -.15 .18 -.37 .15

#LB 1983 .21 .22 .28 .10 -.08 -.01 .22 -.18

fLW 1982 .00 .18 -.30 -.05 -.23 .12 -.41 .05

fLW 1983 .15 .13 .19 -.02 -.10 -.04 .20 -.16

TWWT 1982 -.02 .14 -.31 -.04 -.25 .12 -.43 .07

TWWT 1983 .17 .12 .17 .03 .09 -.07 .18 -.17

LDAY -.17 -.05 -.14 .07 -.09 -.03 .00 .16
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TABLE 11

Correlation coefficients among physical traits (flushing, prebreeding and
gestation) and production traits

Flushing change:

1980

Weight

1981

Condition score

1980 1981

#LB 1983 .06 -.04 .18 -.10

#LW 1983 -.07 .11 .11 .03

TWWT 1983 -.08 .09 -.10 -.01

Prebreeding: Weight Condition score

#LB 1983 .21 .27 .05 .14

#LW 1983 .12 .24 -.01 .19

TWWT 1983 .14 .22 -.02 .15

GESW 1982 .06 -.14 -.15 -.31

GESC 1982 -.21 -.34 -.31 -.44

LDAY 1983 -.04 .03 .04 .01

Gestation change: Weight Condition score

#LB 1983 .36 .30 -.25 -.16

#LW 1983 .36 .27 -.10 -.06

TWWT 1983 .36 .33 -.10 -.05
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Table 12: The effect of condition score increase before
breeding on the number of lambs born

Condition score
preflushing

Condition score
prebreeding

1980 No. of ewes

1980 Av.# LB

Condition score classes

2.0

2.0

2.0

2.5

2.5

2.5

2.5

3.0

3.0

3.0

3.0

3.5

5

1.00

16

1.38

35

1.31

29

1.34

15

1.40

13

1.38

+ Classes with two or less ewes are not included.



66

Table 13. Repeatability estimates for physical and production traits of ewes
between years for both birth years 4'

Birth year 1980 1981

Prelambing weight 0.73 0.56

Postlambing weight 0.68 0.70

Weight at weaning 0.71 0.66

Preflushing weight 0.71. 0.71

Prebreeding weight 0.71 0.76

Prelambing condition score 0.07 0.39

Postlambing condition score 0.09 0.29

Condition score at weaning 0.14 0.27

Preflushing condition score 0.14 0.26

Prebreeding condition score 0.15 0.41

LACW -0.05 0.04

LACC -0.15 0.01

DRYW 0.06 0.15

DRYC -0.16 0.06

FLAW 0.02 0.26

FLUC 0.06 0.02

#LB 0.20 -0.09

#LW 0.08 0.01

TWWT 0.05 0.05

LDAY -0.07 0.26

For 1980 birth year if 0.17 < r < 0.22 then P < 0.05

r > 0.22 then P < 0.01

For 1981 birth year if 0.19 < r < 0.25 then P < 0.05
r > 0.25 then P < 0.01
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Chapter 4

SUMMARY

Based upon results reported in these studies, the following

conclusions have been reached:

1. The daily grazing pattern consisted of heavy morning

grazing until about 10.00 h and heavy afternoon grazing from

about 16.00 h to 21.00 h.

2. Sire breed did not greatly affect the grazing behavior

(as reflected by grazing time, distance traveled and percent

fecal crude protein), possibly because of common breed of

maternal rearing.

3. Grazing time decreased as temperature increased, and

distance traveled and fecal crude protein percentage decreased as

forage availability decreased over time.

4. Maximum and minimum weights and condition scores

occurred at prelambing, weaning, prebreeding and early lactation,

respectively.

5. Mean body weight was positively related to lamb

production, while variation in body weight had a negative effect.

Mean condition score tended to be negatively related to lamb

production, while variation in condition score had no effect.

6. Prebreeding weight had a positive linear effect in both

years and prebreeding condition score had a negative linear

effect in 1980 ewes on the number of lambs born per ewe the

subsequent lambing. Also in 1980 ewes, condition score change
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during flushing had a positive impact on lambing rate.

7. All body weights and some condition scores and lamb

production traits were repeatable between production years.
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APPENDICES



Appendix TABLE A

Least-squares means and S.E. for weights and condition scores+

1980
Mean

Weight

1981

S.E. Mean S.E.

1980

Mean

Condition score
1981

S.E. Mean S.E.

Prelambing 1983 59.3* .64 53.6** .72 1.95* .025 2.34 .033

Early lactation 54.1 .57 59.0** .75 2.25** .028 2.69 .049

Mid-lactation 57.6* .53 - 2.46 .039

Weaning w/wool 61.6* .56 58.5* .79 -

Weaning w/o wool 58.7* .55 55.5* .77 2.49 .051 2.67 .046

Mid-dry 58.8* .55 - - 2.48* .040 _

Preflushing 58.5** .52 57.3** .75 2.60 .045 2.87 .051

Prebreeding 60.0* .56 54.4* .75 2.87* .046 2.96 .075

Postbreeding 62.7* .56 56.8* .75 3.37 .061 3.30 .080

Mid-gestation 67.2** .65 60.2* .94 3.16 .098 2.89 .067

Prelambing 1983 70.7** .67 62.2* 1.13 3.28 .062 3.08 .065

Early lactation 63.4** .58 55.9* .81 3.08 .076 2.82 .065

Mid-lactation 64.1** .60 57.4** .87 3.28 .077 3.06* .053

Weaning 61.9** .65 55.5* .63 3.39 .071 3.27 .056

Mid-dry 59.8** .68 54.4* .74 3.28* .070 3.11 .083

Preflushing 62.0* .63 56.9* .62 3.38 .059 3.26* .061

Prebreeding 65.9 .69 61.1** .62 3.60* .052 3.51* .055

*signifies breed differences at P < 0.05
**signifies breed differences at P < 0.01
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Appendix TABLE 8

Least-squares means and S.E. for weight and condition score changes and

lamb production traits 4.

Mean

1980

S.E. Mean

1981

S.E.

LACW82 7.50 0.460 -0.60 0.360

DRYW82 -0.30 0.230 1.90 0.230

FLUW82 1.60 0.220 -2.90 0.250

GESW82 8.00 0.450 5.40 0.470

LACW83 -1.40* 0.440 -0.40* 0.470

DRYW83 0.10 0.380 1.30 0.360

FLUW83 3.90 0.290 4.20 0.330

LACC82 0.24 0.049 -.01 0.037

DRYC82 0.11 0.035 0.20 0.029

FLUC82 0.26 0.033 0.08 0.047

GESC82 -0.10 0.056 -0.22 0.070

LACC83 0.31 0.053 0.45 0.059

ORYC83 -0.01 0.050 -0.01 0.059

FLUC83 0.22 0.035 0.25 0.030

LDAY82 53.90 1.010 80.60 1.670

#1882 1.35 0.057 0.75 0.065

#LW82 1.06* 0.053 0.60 0.053

LDAY83 34.40* 0.510 38.00* 0.780

#1883 1.31 0.051 1.12 0.055

#1W83 1.07 0.057 0.95 0.053

TOT#LB 2.66 0.079 1.87 0.082

TOT#LW 2.13** 0.078 1.55 0.075

TWWT82 28.70 1.310 18.50 1.680

TWWT83 31.90 1.620 27.00 1.520

TOTWWT 60.60 2.140 45.60 2.260

Mean WT 51.70** 0.520 57.40** 0.690

CV WT 8.40 0.240 7.40 0.210

Mean CS 2.93 0.040 2.99 0.046

CV CS 21.40 0.670 16.70 0.350

See Table 7 for definitions of abbreviations.
* signifies breed differences at P < 0.05

** signifies breed differences at P < 0.01



Appendix TABLE C

Production of ewes that were above and/or below average for pairs of traits +

Cl. Mean weight and condition score

++
1980

+- -+ ++
1981

+- -+

No. of ewes 35.00 26.00 31.00 42.00 31.00 14.00 21.00 31.00

TOMB 2.74 3.12 2.45 2.52 2.00 2.21 1.57 1.74

TOTILW 2.23 2.38 2.00 2.00 1.61 1.71 1.33 1.52

TOTWWT 61.40 69.60 57.80 56.40 45.30 54.50 39.60 43.30

C2. Mean and coefficient of variation for weight

++
1980 1981

+- -+ ++

No. of ewes 26.00 32.00 38.00 34.00 17.00 30.00 28.00 27.00

TOMB 2.85 3.00 2.47 2.50 1.82 2.17 1.25 2.11

TOTILW 2.27 2.28 1.95 2.06 1.71 1.60 0.96 1.96

TOTWWT 64.00 64.30 52.90 61.60 51.80 46.80 27.10 57.50

C3. Mean and coefficient of variation for condition score

1980

++ +- -+ ++

1981

+- -+

No. of ewes 26.00 37.00 28.00 37.00 25.00 27.00 20.00 25.00

101118 2.81 2.43 2.64 2.81 1.76 1.85 1.95 1.84

TOTOLW 2.42 1.97 2.19 2.16 1.44 1.52 1.60 1.56

TOTWWT 65.10 57.60 60.70 63.30 42.90 43.10 47.50 46.20

+ Ewes were divided into quandrants, according to whether
they were above average for both traits ( + +),

above average for the first and below average for
the second (+-), below average for the first and

above average for the second (-+) or below average for both traits (--).


