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Summery

The fertility of groups of lactating Angus cows of sinilar age, graz-
ing the sanme pastures and joined at the sane tinmes, was highly correlated
with average |iveweight and change in liveweight at joining. Wthin
groups of lactating cows, and between and within groups of non-lactating
cows, there was little relationship wth these variables. The signific-
ance of these results to management of nutrition for high fertility is
di scussed.

I I NTRODUCTI ON

Rel ati onshi ps between |iveweight during joining and fertility, al-
though nostly studied in heifers, have been reported in ol der cows by
several authors (e.g. Wiltbank et al. 1962; Lanond 1969; Hi ght 1968;
Carter and Cox 1973). These reports all indicate the inportance of
nutritional status to reproductive efficiency-. Prediction equations are
required for nodels of beef production systens to evaluate variables such
as stocking rates, time of calving, pasture managenment or suppl ementation.
This paper presents estimates, from data of Axelsen_et al. (1972), of the
response of calving percentage to |iveweight variables at the second and
subsequent joinings of a herd of Angus cows.

1. MATERI ALS AND METHODS

The pastures, livestock, and the design of the experiment are des-
cribed by Axelsen et al. (1972). In each of six years the herd of approx-
imtely 75 cows consisted of two groups at a "low' stocking rate and four
groups at a "high" stocking rate. In these stocking rate treatnents, the
cows on half the plots were joined for six weeks for an "early" calving
(autumm-early winter) or a "late" calving (late winter-spring). Low
stocking rate treatments were not replicated; high stocking rates were
replicated twice. Thus there were 36 groups of animals, which consisted
largely, but not wholly, of 'the sane animals fromyear to year. Cows were
classed as "lactating" or "dry" depending whether they were nursing a calf
at joining time. The "characteristic weight" (W of a cow was her weight
on Jul. 6, 1965, prior to her first calving when she woul d have been
approximately 24 nonths ol d' and in good condition follow ng favourable
spring growth. Al liveweights (LW were measured without prior fasting.

[11. | NFERENCES FROM STATI STI CAL ANALYSES

The rel ationships between fertility and LWis obviously one of correl-
ation, not of causation, the correlations being generated because both'
fertility and LWare functions of nutritional status. The nodel mi ght
therefore reasonably be based on LW reflecting the nutritional reserves
in the body of the cow, and on the change in LWduring joining, reflecting
the nutritional reserves being stored by the cow after nmeeting the needs
of maintenance and |actation.

In the experinent analysed, the effects of managerial controls on
fertility, as indicated by LW could be estimated fromthe "between group"
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relationships, after renoving the effect of age of cow by a "within year"
analysis. The effects of genotype and other uncontrolled variables could
be estimated by "within group within year" analysis, since the cows within
groups were random sanples from a herd of weaners, and had been exposed to
simlar environments in the same paddocks during the period of joining.

It is important that bulls were rotated around paddocks during the joining
peri od.

The data were anal ysed by an iterative weighted regression procedure
whi ch yields maxi mum |ikelihood estimtes of logit (p) = 1n (p/(1-p)),
where p is the expected proportion of cows calving. The fitting was fac-
ilitated by the conputer program GLI M devel oped by a working party of the
Royal Statistical Society for statistical conputing. The order in which
terms are fitted can be arbitrary and, in the absence of a clear under-
standing of cause and effect, this can give rise to problens of inference

The contribution of each termin the nodel is neasured by the deviance,
whi ch is anal agous to the sum of squares in the classical regression nodel
The deviance has an approximate y2 distribution which is asynptotic, i.e.
large n, in binomal data. A summary of the fitting is given as a general -
i zation of the analysis of variance of Nelder and Wedderburn (1972).

The model s for both the individual animals and the groups assume that
observations be independent, although the same animals were used from year
to year. The serial independence of cow responses was tested by fitting
model s on 50 cows (all those with conplete records for six years, except
four which were excluded as being statistical outliers) for each year. The
deviations fromprediction were cal culated and included as an independent
variable for the following year's nodel. Since the reduction in deviance
from fitting this variable was non-significant (x% < 1.0) for all years
~the assunption of independence was accepted. This is not stating that
genotype and other variables do not affect fertility, but only that such
effects were of negligible inportance in the data anal ysed.

V.  RESULTS
(a) Effect of lactation
The fertility of non-lactating cows was not related to LWvariabl es,
in contrast with that of lactating cows (P=0.02). This is consistent with
results of Lanond (1969) for fertility and condition score. Since the 61
joinings with dry cows is inadequate for detailed study the remainder of
this report is concentrated on the 263 joinings with lactating cows.

(b) Between and within groups of lactating cows

The 36 groups were divided by years into two sets of 18 since the GLIM
program coul d not accommodate 36 groups. Each of these was analysed in two
ways, fitting groups then LWvariables, or LW variables then groups. The
results, presented in table 1, denonstrate no significant relationship
within groups between LWand fertility since the y% variables after fitting
groups and years in no case approach statistical significance. . Further
since the x4 values for groups after fitting LW variables and years approx-
imately equal the degrees of freedom (P=0.5), virtually all fertility
differences between groups are related to the effects of appropriate
treatments on LW and fertility.

Since the effects of sone variables over the six years mght be
obscured in the partial analysis, the 263 joinings over six years were
anal ysed as far as was feasible with the GLIMprogram Results are
presented in table 2.
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TABLE 1 .
Deviances from fitting model to sets of data
(approximate x? distribution)

Source of Degrees of Order of 1966- 1969- Order of 1966- 1969-
deviance freedom fitting 1968 1971 fitting 1968 1971
Years 2 1 4,8% 2.8 1 4, 8% 2.8
Groups 15 2 33.4%%%x 25 7k% 6 14.5 14.3
LW 1 3 0.1 0.3 2 11.5%%% 3, 4%
w2 1 4 2.5 2.6 3 1.4 10. 5%%%
LW gain 1 5 0.9 1.0 4 8.1%%* 0.0

W 1 6 0.1 1.2 5 1.5 2.0

. 1966-68=118
Res1due1969_7l=103 145.6 76.0 145.6 76.0

* P<0.10; ** P<0.05; *** P<0.01

TABLE 2
Deviances from fitting model to total data
(A indicates LW=LW; B indicates LW=LW/W)

Source of Degrees of

. A B
deviance freedom
Years 5 26, 8*** 26.8%%%
Lw 1 13,6%%% 18,2%%%
LW gain 1 6.0% 8.0%%*
'K 1 4.9%
Lw? 1 11.9%#% 3.3
Year x LW 5 2.5 2.6
Stocking rate 1 0.1 2.0
Calving time 1 0.0 0.4
Replicate 1 3.0 3.0
Residue 245 247.0 251.9 (246 4.f.)

* P<0.05; ** P<0.01; #*%* P<0.001

The probability of a cow beconing pregnant was estimated froma nult-
iple regression equation calculated fromweighted group means. The pre-
dicted probabilities for different LWWand LW gains are presented in
table 3 for cows &4 years old or ol der.

TABLE 3
Probability of pregnancy for mature Angus cows
Relative weight  Actual weight* LW gains during 6-week joining (kg)
X = LW/W LW (kg) =40 ~-20 0 20
0.7 290 .07 .09 .12 .15
0.9 370 A .50 .57 .63
1.0 410 .64 .70 .75 .79
1.1 450 .77 .81 .85 .88
1.3 530 .86 .88 .91 .93

Equation: 1n(p/(l-p)) = -16.69 + 28.4X - 10.62X> + .0126 LW gain.
* For 2nd and 3rd joinings subtract 30 and 15 percent from this column.
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The effects of all LWvariables in table 2 are significant, and the
effects of all treatnents are not significant after fitting LWvariables.
The residue approximately equals its d.f., indicating that nearly all the
non-random bi nom al variance is accounted for by the nodel fitted. The
effect of fitting W by letting LWw=LW/W,is to decrease narkedly the quad-
ratic term in the response of LW without, however, changing the fit apprec-
iably. The nore linear nodel ' seens likely to be preferable when extra-
polating to other genotypes or herds, and is used in table 3.

V. DI SCUSSI ON

The anal yses showed that the relationship between fertility, LW and
LWagain are of negligible significance within groups of animals of simlar
age and history. The group average LWin relation to age, and current
nutritional status, are however, strongly related to reproductive perform
ance, These relationships are correlative, not causitive, and sone factor
could distort the relationships if it were to stinulate reproductive act-
ivity without necessarily affecting LW For exanple, protein content of
diets may be critical (Knight, Oldham and Lindsay 1975).

From the viewpoint of nanagenent, the economics of. inproved nutrition
depends on the cost of raising the nmean |iveweight of all the |lactating
cows in the herd in relation to the response expected. Lanond's (1969)
results, and ours, suggest that non-lactating cows in nmoderate condition
are likely to be nore fertile than indicated by the LWfertility relation-
ships of table 3. It is inportant to enphasize that responses are likely
to be disappointing if only the lighter 50% of cows in a herd are supple-
mented. The response expected would be the sane if only the heavier 50%
were supplemented. This contrasts somewhat with expectations in heifers
in which LWis strongly correlated with age and age and LWtend to act
additively (Axelsen and Mrley 1976).

VWhilst fertility would be inproved by improving the nutrition of lact-
ating cows, this mght be difficult to achieve by supplementation. Apart
fromthe effect on grazing intake by supplementation, nuch of the increase
in intake mght be channelled into the calf, especially in breeds wth
high nmilk production potential, with only a minor inprovenent in the
nutritional status of the cows. The effect of variations in pre- and post-
cal ving management in relation to reproductive efficiency requires further
investigation over a range of production Systems.
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