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Mechanical Means of Water Control 

The surface runoff on some ranges is so rapid 
that little rainwater enters the soil, to become availa- 
ble for plant growth. Contour furrowing and pit- 
ting are two means of holding water and giving it 
time to soak in where it can be used to increase 
total plant growth. If controlled grazing can serve 
the same purpose, however, it is more practical. 

Small contour furrows, from 4 to 6 inches in 
cross-section, and spaced not more than 5 ft apart, 
are usually more effective than larger or more widely 
spaced furrows. The small furrows regrass quickly 
and hold the water where it is of most benefit. The 
amount of range improvement from furrowing will 
vary with soil condition, amount and frequency of 
the rainfall, and the kind and condition of the veg- 
etation. If the contours are carefully installed in 
selected places, they can reduce runoff very markedly 
This, in turn, increases forage which, if grazed prop- 
erly, can further reduce surface runoff and ero- 
sion. Contour furrows should be constructed with 
the advice of an agricultural engineer. 

Range pitting is also an effective water conserva- 
tion practice in arid regions of sporadic rainfall, 
where most of it may be lost from surface runoff. 
This technique has worked particularly well on 
some of the short-grass ranges in Wyoming. The 

equipment commonly used for pitting is a heavy, 
lSinch, oneway disk plow, with the alternate disks 
20 inches in diameter and mounted 2 inches off 
center. The equipment scoops out shallow, dis- 
continuous pits about 16 inches apart. The water- 
holding capacity of the pits on an acre is about 0.3 
inch of rainfall. In arid areas this is sufficient to 
have a measurable effect on forage growth or the 
establishment of new seedlings after reseeding. 
Range pitting has a number of advantages over con- 
tour furrowing. Pitting does not need to be exactly 
on the contour, and since the depressions are small, 
there is little danger of accelerating erosion. 

The principal value of both contour furrowing 
and pitting is that they make possible the maximum 
infiltration of intermittent rains during the dry 
season when the forage cover may be sparse and full 
utilization of moisture is vital. 

Roads and Trails 

Roads and trails cause a great deal of surface run- 
off and erosion in many places. Roads, particularly, 
are bad since they are compacted, and allow practi- 
cally no infiltration of water. The water must there- 
fore go into surface runoff, possibly resulting in 
severe erosion. For this reason, roads and trails 
should be carefully placed and constructed, and 
should be held to a minimum number. 
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There is little knowledge of social organisation 
in husbanded sheep, except that when a number of 
sheep of the same age, breed, and sex are introduced 
to a paddock, they may split up into a number of 
groups. The members of groups are constantly 
changing (Arnold and Pahl, 1967). Reasons for the 
split up are varied: age, sex, and breed on the one 
hand, topography and feed supply on the other, 
together with the interactions of animal, environ- 
mental, and management factors. It is apparent that 
there is contact between individuals within the 
groups and between groups, the latter being dis- 
tance-dependent. What is not known is how contact 
is maintained and over what distance, (a) between 
individuals, (b) between groups. There is no ex- 
perimental evidence to define the distances over 
which the senses can be used for discrimination. 
However, from observation, smell is used at close 
hand for recognition, and hearing over quite long 
distances ( < 800 yards) (Arnold, unpublished). 
The distance over which sheep can see and dis- 
criminate appears to be fairly short, but from ‘sight 
height’ i.e. 1 to 2 ft above ground distance will be 
limited by topography. 

This paper attempts to relate the spatial distri- 
bution of sheep within paddocks in arid areas to 
the general condition of the range in north-west 



GRAZING BEHAVIOUR OF SHEEP 

Table 1. Kayrunnera, May 1967 survey. 
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Weather condition and mean time of sampling 

May 9 May 10 

AM PM AM PM 

Paddock 
Size 

(acres) 
Type of 

sheep 
Number of 

sheep 
Time Temp Time Temp Time Temp Time Temp 

(“F) (“F) (“F) (“P) 

Hilton 10,000 Ewes and Lambs 350 9:25 3:40 9:20 3135 
Ocean Dam 10,000 Ewes and Lambs 350 9:15 3135 9:15 3:35 

60 751 60 SO1 
Woolshed 12,000 Weaner Ewes 600 9:15 3:25 9:15 3:35 
Gilbys 10,000 Ewes and Lambs 420 8:45 3:30 8:45 3:35 

l Sunny, slight wind. 

New South Wales. Due to the large size of paddocks 
(about 10,000 acres) and low stocking rates (be- 

tween 30 and 40 sheep/mile”), the most suitable 
method of sampling the experimental areas was 
considered to be aerial photography. It was estab- 
lished by means of pre-survey flights that from the 
altitude of 700 ft: sheep were not disturbed by the 
aircraft noise; all members of the aggregates de- 
fined as flocks were covered by a single photograph; 
on most occasions when one flock was sighted no 
other flocks were seen; on rare occasions, when more 
than one flock could be sighted simultaneously, 
they were separated by a considerable distance. 
Therefore individual photographic records were 
regarded as independent sampling units for the 
purpose of statistical analysis. For each photograph, 
indices, based on the number of sheep and the 
distances between sheep on the photograph, were 
computed, which quantified components of the 
spatial distribution of sheep. 

Methods and Materials 

A review of Dudziliski and Arnold (1967) is necessary to 
achieve a full understanding of this paper, thus some parts 
of the 1967 paper are summarised in sufficient detail to 
render the present paper self-contained. 

The main aims of the 1967 paper were to establish the 
advantages of studying behaviour patterns of grazing animals 
by aerial photography, and to detail the methods of sam- 
pling and the subsequent processing of the data. The method 
of photographic sampling of a paddock consisted of (1) 
searching a quarter of the paddock for a flock of sheep, (2) 
on spotting a flock, taking a vertical photograph at 700 ft 
altitude, (3) then proceeding to another quarter of the pad- 
dock before searching for another flock, thus further ensur- 
ing that individual photographs could be regarded as in- 
dependent units. The method of processing the photo- 
graphic information was to enlarge photographs to 10 x 10 
inches, superimpose a grid with 0.25-inch spacings (i.e. 40 x 
40 grid), and record, on Hollerith punch cards, the co- 
ordinates of the positions of each sheep. Values of the fol- 
lowing indices were then obtained for each photograph: (1) 
the number of sheep per photograph = flock, (2) the mean 
number of sheep per occupied cell of the grid (theoretically 
12.1 .y 12.1 ft), and (3) the index of ‘spread’ (SD of the 

inter-sheep distances divided by the square root of flock). 
For details of the effects of (a) type of sheep (sex), (b) time 
of day (am vs pm), (c) time of survey (August vs November), 
and (d) different paddocks (within each of three localities, 
Kayrunnera, Mt. Murchison, and Mulberrygong, all in New 
South Wales) on the indices and further details concerning 
the data, see Dudziriski and Arnold (1967). 

Experimental Data.-The data used in this paper is the 
Kayrunnera data of Dudzir’rski and Arnold (1967) together 
with data from further survey conducted at Kayrunnera in 
May 1967. Reference will be made to the data cited in 
Dudziliski and Arnold (1967) without further explanation 
or comment. The details of the May 1967 survey are listed 
in Table 1. Whilst the same four paddocks were used as in 
previous surveys, some of the sheep previously at Gilby’s 
were now at Hilton. It is of considerable importance to 
later discussion that the last survey was conducted after ap- 
preciable rains, whereas the previous surveys were conducted 
under extreme drought conditions (Fig. 1) 
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FIG. 1. Rainfall pattern for sampled site (Kayrunnera) with sur- 
vey dates and corresponding rainfall deficits. 
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FIG. 2. Frequency distributions of nearest-neighbour 
1,222 sheep with basic parameters. 

distances of 

Spatial Distribution of Sheep.-The aim of this paper is to 
investigate changes in the spatial distribution of sheep in 
relation to changes in the general condition of the range. 
It is therefore necessary to quantify spatial distribution of 
sheep. Attention was concentrated in the previous paper on 
the development of the aerial photography technique. In 
this paper a set of indices, based on the number of sheep 
and the distances between sheep on each photograph, are de- 
fined, which quantify components of spatial distribution in 
a much more comprehensive and complete manner than the 
set described in the previous paper. 

The ‘Group’ Concept.-Some of the indices to be defined 
involve the concept of a group of sheep in association with 
each other. Before proceeding to a definition of a group, 
it was necessary to verify whether sheep could be regarded 
as locating themselves independently and at random within 
the area photographed-if so, there would be little purpose 
in carrying the study any further. The contrary was, in fact, 
established as follows: 

(1) 

(2) 

The entire 1,222 nearest-neighbour distances for all 
sheep (over all surveys, and paddocks), were as- 
sembled in a frequency distribution. 
Corresponding to each photographic record, a simul- 
ated record was derived by using a Monte Carlo 
technique to assign random positions, one for each 
sheep. The simulation was obtained by the RANF 
subroutine (Webb et al., 1967). Both frequency dis- 
tributions are given in Fig. 2. 

If sheep were locating themselves at random within the 
areas photographed, it could be expected that the frequency 
distributions of Fig. 2 would closely conform. However, it 
is apparent that the shapes of the two distrubutions are 
widely discrepant, especially in the class (045 ft), where 
86.5% of distances actually lie, as compared with only 
22.2% for the simulated distribution. The difference in 
shape can be assessed by examining coefficients of skewness 
which are 12.6 and 1.6 respectively. 

Due to the large preponderence of nearest-neighbour dis- 
tances in the class (O-45 ft), it seemed reasonable to define 
a group as a collection of sheep, in which each sheep in the 
collection is at most 45 ft from at least one other sheep of the 

Table 2. Percentage of 1,222 
in ?increasing class intervals. 

nearest-neighbour distances 

Class in- 
terval (f t) O-25 O-30 O-35 040 O-45 O-50 O-55 O-60 
“/o of 1,222 63.8 77.3 79.2 84.2 86.5 87.3 89.8 89.8 

collection. In order to examine it in more detail the cumula- 
tive frequencies of the distribution in Fig. 2, expressed as 
percentages, of distances less than particular value are given 
in Table 2. While the increase in cumulative percentage is 
quite substantial for values less than 45, the increase in 
cumulative percentage is rather less for values greater than 
45. Thus it is considered that 45 ft represents a reasonable 
estimate of the distance between nearest neighbours grazing 
in a cluster defined here as group. 

Indices of Spatial Distribution.-By comparing (a) pad- 
docks (representing different habitats or contain different 
types of sheep), (b) three surveys (representing changes in 
range condition), (c) interactions of paddocks with surveys 
(representing interaction of habitats with range condition) 

the effect of weather and habitat is assessed. In order to 
study the effect of these environmental changes on spatial 
distribution, five indices are introduced, for each of which 
a value could be obtained from a single photographic record. 
Because of the assumed independence of photographic re- 
cords it is contended that sheep of a particular photograph 
have no obvious contact with other sheep in the paddock, 
but are in association with themselves. 

The actual indices fall into two categories: 

(I) Three indices which are related to the number of 
sheep on the photograph, viz. 
(1) the total number of sheep on a photograph, de- 

noted FLOCK ( as in the 1967 paper) 
(2) the number of groups of sheep on the photo- 

graph, denoted NGROUPS 
(3) the average number of sheep per group on the 

photograph, denoted AVGROUP 
(clearly these three indices are functionally related 

by AVGROUP = FLOCK/NGROUPS) 
(II) Two indices, which are related to distances between 

sheep on a photograph, viz. 
(4) 

(5) 

the average nearest-neighbour distance of sheep, 
over all sheep which are contained in groups of 
size two or more within the flock, is denoted by 
ANNDW = Xd/ (FLOCK-S), where d is a 
sheep nearest-neighbour distance, and S is the 
number of groups with single sheep 

the average nearest-neighbour distance of 
groups within a flock, over all groups, is de- 
noted by ANNDB = 8 DINGROUPS, where D 
is a group nearest-neighbour distance. 

The applications of these indices are illustrated in Fig. 
3a and 3b. Clearly, ANNDW is not relevant when there are 
no groups of size 2 or more (i.e. when no sheep on the 
photograph have a nearest-neighbour distance of less than 
45 ft), and ANNDB is not relevant when all sheep are 
within one group (i.e. no sheep have a nearest-neighbour 
distance greater than 45 ft). This accounts for the lower 
number of observations for ANNDW and ANNDB in 
Table 3. Both ANNDW and ANNDB were computed from 
the hierarchical system computer program CLASS of Lance 
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Table 3. Actual and transform means of five indices of grazing behaviour with numbers of observations in brackets 
with significance levels and error variance (Kayrunnera, all surveys). 

Paddock FLOCK NGROUPS AVGROUP ANNDW ANNDB 

An8 Nov May Nov Nov 65 An8 65 67 May 
67 

An8 Nov 65 65 
May 
67 

An8 May AU8 Nov May 
65 65 65 65 67 65 65 67 

Hilton 
(Z) ;;) ($ (Z) (:G) ii) (“1:) ;;) (%, ;:i; ;k; I:; 

84.7 108.2 98.2 
(8) (10) (12) 

Ocean Dam (I;:) (Z) ($) ;:) 
(Z) $) & (?i) (“;i) (15) 17.2 19.8 (9) 17.8 (19) 83.4 106.9 96.9 

(9) (6) (12) 

Woolshed /I:) & $) ;:) ;:) ;:) $) ,:;“, ;:) (15) 17.6 20.0 (10) 18.2 (16) 92.3 (13) 115.7 (10) 105.8 (12) 
Gilbys 88.4 111.8 101.9 

6; :lb’, ‘(;;) (:; (:b: ;;) ;5l) (?:) ;;) ;:4; ;& i:; (12) (8) (10) 

Grand Mean 5.7 2.4 3.5 17.9 99.5 

Transform Mean .756 .321 .443 1.241 1.957 
Error Variance .049 (160 df) .059 (165 df) .057 (160 df) .028 (146 df) .033 (117 df) 
Significant Survey x Paddock Survey x Paddock 

Source Interaction XXX - Interaction #XX - - 

*:** P < .OOl. 

and Williams (1967). Given co-ordinates of individual 
sheep on a photograph, program CLASS prints out nearest- 
neighbour distances of pairs of sheep, then distances be- 
tween pairs, groups of pairs, etc. Hence nearest-neighbour 
distances between individuals and any arbitarily defined 
groups can be easily read from the computer printout. The 
program prints out the squares of the distances. 

It was found that the values of the indices defined above 
required logarithmic transformation inorder to remove hetero- 
geneity in the error variance, and to provide normal ap- 
proximation to the underlying distributions of the indices. 
In case of ANNDW and ANNDB the transformation was 
Log + 1. A bias occurred due to the method of measuring 
distances between sheep, see Dudziliski and Arnold (1967). 
Distances were computed by superimposing a rectangular 
grid on the photographs, with each unit of the grid repre- 
senting an area 12.1 x 12.1 ft. If two or more sheep were 
present in the same cell of the grid, they were given the 
same co-ordinates, and hence these sheep would have been 
considered to be zero distance apart from each other. In 
fact, due to the size of each unit of the grid, sheep within 
the same cell, may be from 0 to 17 ft apart-thus to regard 
these sheep as being zero distance apart biases the distances. 
As an approximate correction for this bias, 0.5-grid units 
were added to the zero distances before using the program 
of Lance and Williams (1967). (0.5-grid units = approxi- 
mately 8 ft.) 

Results 

The analyses of variance on the five indices, and 
a tabulation of the means of the indices tabulated 
by paddock and survey are given in Table 3. Mean 
squares in the analyses of variance are in trans- 
formed units, whilst the figures in the tables of 
means have been back-transformed to the original 
units. Since the second-order interaction (survey x 
paddock x time of day) was not significant, it has 
been pooled with the residual variation after re- 
moving all treatment effects. 

There was a highly significant interaction (P< 
O.OOl), between paddocks and surveys, for FLOCK 
and AVGROUP. There were no significant mean 
squares for NGROUPS, ANNDW and ANNDB. 

Discussion: 

The only available information on the condition 
of the range at the site under study was: 

(a) the opinion of management of the station, 
and 

(b) rainfall records. 

As rainfall records are of a quantitative nature, 
it would seem reasonable to attempt an explana- 
tion of the results in the light of the information 
in them. The rainfall records for the period of 
study are given in Fig. 1, together with the percent- 
age deficit of rain for the year at the time the sur- 
veys were conducted. The August 1965 and No- 
vember 1965 surveys were conducted in a period of 
severe drought. The May 1967 survey at Kayrun- 
nera was conducted after a reasonable recovery 
from the drought. As stocking rates in these areas 
are rarely changed, rainfall is the most important 
factor in determining the condition of the range. 

The high survey by paddock interaction for 
FLOCK and AVGROUP could be attributed to 
the following: 

(1) Hilton, the paddock usually in poorest 
condition, failed to recover from the severe 
drought occurring at the time of the first 
two surveys, and hence there was no signifi- 
cant change in the values of FLOCK and 
AVGROUP between November ‘65 and 
May ‘67. 
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FIG. 3. Aerial view of the grazing patterns with five indices in- 
dicated . (a) Drought pattern, (b) Partial recovery from drought. 

(2) Gilbys, the paddock usually in best con- 
dition, had sufficient reserve of feed avail- 
able to leave sheep dispersion relatively 
unaffected during the drought period. 
Hence, Gilbys was the only paddock for 
which no drop occurred in FLOCK and 
AVGROUP between August ‘65 and No- 
vember ‘65. In addition, the relieving rains 
before the third survey brought about a 
substantial increase in FLOCK and AV- 
GROUP by May ‘67. 

A general point of interest is which of the five 
indices vary between environments as reflected by 
different paddocks and successive surveys. It is as- 
sumed that where changes occur, the parameter is 
one that reflects adjustment to changes in the en- 
vironment. A parameter that does not, probably 
reflects basic componet of social behaviour. The 
indices FLOCK and AVGROUP varied in differ- 
ent environments, whilst NGROUPS, ANNDW 
and ANNDB did not change. The fact that 
FLOCK and AVGROUP change whilst NGROUPS 
does not, indicates that as environmental stresses 
are relieved, the flock sizes (i.e. FLOCK) increases, 
accompanied by an increase in group sizes (AV- 
GROIJP) within flocks, but with the number of 
group (NGROIJPS) within flocks remaining un- 
changed. This latter point is somewhat surprising 
since a negative relation would logically be ex- 
pected. The maintenance of constant ,4NNDW 
and ANNDB would indicate (a) deliberate contact 
between groups (ANNDB), and (b) a basic dis- 
tance is preserved between individuals within 
groups (ANNDW). These changes are illustrated 
in Fig. 3a and 3b. However, the reasons given for 
the changes must be regarded as speculative, until 
more detailed knowledge of the system is available 
and experimental controls are imposed. Our field 
observations indicate that FLOCK is a basic social 
unit. Transac photography is required to justify 
this assumption and to check for biases due to fail- 
ure to observe animals, or failure for FLOCK ag- 
gregates to account for the majority of the animals 
in the paddock. Work is currently underway to 
improve the validity of the suggested conclusions. 

Conclusions 

Because Kayrunnera is a marginal habitat for 
Merino sheep (8 in. rainfall), it was expected that 
sheep would be sensitive to changes in range con- 
dition (Watt, 1968). The techniques introduced 
in this paper and in Dudzinski and Arnold (1967) 
are thus probably best applicable to a change in 
range conditions in marginal areas. 

This paper is an attempt to introduce some quan- 
titative indices of grazing behaviour. The previous 
paper (Dudziriski and Arnold, 1967) aimed at 
establishing the technique of aerial photography. 
The index of ‘spread’ of that paper was introduced 
mainly as an illustration of the statistical and com- 
putational potential of the technique. The five in- 
dices discussed in this paper, as a set give a more 
complete picture of the dynamics of sheep move- 
ments as influenced by enviromental factors. Thus, 

the set of indices of this paper replace the set in- 
troduced in Dudzinski and Arnold (1967), with 
the exception of the index, FLOCK, which is re- 
tained. 
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In conclusion, it may be said that the quantita- raphy and statistical analysis for studying behaviour pat- 
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ful joint parameters for analysis of the interactions LANCE, G. N., AND W. T. WILLIAMS. 1967. A general theory 
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grazing animals in marginal habitats. terns. Computer J. 9: 373-380. 
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Highlight 

Effects of nitrogen and phosphorus fertilization on stand 
establishment and yield of 5 warm-season prairie grasses 
were observed on 12 problem sites in Nebraska. Annual 
nitrogen fertilization after the establishment year main- 
tained superior stands and increased forage yields of the 
experimental varieties. Proper timing and rate of nitrogen 
fertilization produced vigorous growth of the planted 
grasses which in turn controlled soil erosion and reduced 
weed invasion; whereas untimely mowing and fertilization 
increased cool-season weeds. Late-maturing strains of the 
warm-season grasses produced better stands than early- 
maturing strains. Where not limited by soil moisture or 
shortness of season, the late-maturing strains of switchgrass, 
indiangrass, and big bluestem produced larger yields than 
early-maturing strains of these grasses. 

The objectives of this study were to determine 
the effects of nitrogen and phosphorus fertilization 
on stand establishment and yields of certain warm- 
season prairie grasses and to evaluate and character- 
ize selected experimental strains of these grasses for 
possible use in variety improvement for their re- 
spective areas of adaptation. 

Harlan (1962) and Keim and Newell (1962) 
have described the historical uses of the native 
grasses in the Great Plains. Perennial warm-season 

1 Contribution of the Nebraska Agricultural Experiment 
Station and the Crops Research Division, Agricultural 
Research Service, U. S. Department of Agriculture. Pub- 
lished with the approval of the Director as Paper No. 
2379 Journal Series, Nebraska Agricultural Experiment 
Station. Received August 8, 1968; accepted for publica- 
tion December 11, 1968. 
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prairie grasses are an important part of the total 
forage resources which provide grazing in summer 
in the Plains states. The need is best met by the 
use of adapted varieties of these grasses developed 
from prairie sources. Objectives of variety devel- 
opment include superiority of seed quality and pro- 
duction, stand establishment, and range of adap- 
tation to diverse environments. 

In regions of low rainfall the success of establish- 
ment and subsequent yields of new grass plantings 
are frequently limited by inadequate soil moisture. 
However, many controllable factors are involved in 
the establishment of stands, such as proper time for 
planting, use of adapted superior varieties, and 
suitable practices for seedbed preparation. Such 
practices as weed control, time and frequency of 
mowing or grazing, and adequate added fertility are 
critical for the establishment and maintenance of 
stands and for profitable yields. Failure to consider 
any one factor may offset any or all attention given 
to other factors in the success of grass plantings. 

Management practices for forage yield and seed 
yield have been reported for side-oats <grama by 
Newell et al. (1962) and Smika and Newell (1965). 
Effects of nitrogen fertilization and clipping man- 
agement regimes were studied for two tall prairie 
grasses (Newell, 1968). Big bluestem and switch- 
grass strains collected from diverse origins in the 
Great Plains and adjacent prairies were compared 
at three locations in Nebraska in a four-year period. 
Although the response of these grasses to nitrogen 
fertilization was not apparent early in the experi- 
ment, there were marked and significant yield ef- 
fects, cumulative over years for both grasses. Unless 
curtailed by shortness of season or limited soil mois- 
ture, southern strains usually gave larger yields than 
strains of local or northern origin. 

Conflicting interpretations have been given to the 
effects of fertilizing rangeland. Responses on some 
subirrigated meadows or in a year of high precipita- 
tion are often contrasted with upland fertilization 
in dry years. Russell et al. (1965) found that com- 
binations of nitrogen and phosphorus fertilizers on 
Nebraska subirrigated meadows gave greater yield 


