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INTRODUCTION

Feed costs represent approximately one-half of the 
total cost of production for most classes of livestock, and 
improvement in feed effi ciency is a major consideration 
in breeding programs (Kennedy et al., 1993). Residual 

feed intake (RFI) is recognized as a robust measure of 
feed effi ciency and is defi ned as the difference between 
the actual feed intake (FI) of an animal and its expected 
feed requirements for maintenance and production (Ar-
thur et al., 2001b). Selection for feed effi ciency traits 
has been reported to have a negative impact on repro-
ductive performance and fertility in mice (Nielsen et al., 
1997; Rauw et al., 2000; Hughes and Pitchford, 2004), 
swine (Estany et al., 2002), and poultry (Hagger, 1994). 
Selecting for feed effi ciency has led to a decrease in lit-
ter size in mice (Brien et al., 1984; Nielsen et al., 1997) 
and in pigs (Kerr and Cameron, 1995). This decrease 
in litter size was explained in mice by differences in 
ovulation rate (Brien et al., 1984; Nielsen et al., 1997). 
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ABSTRACT: There is concern in the beef industry that 
selecting bulls for feed effi ciency based on residual feed 
intake (RFI) may have a negative impact on bull repro-
ductive performance and fertility. Here we investigated 
the impact of selection of bulls for low RFI on breeding 
soundness evaluation (BSE), reproductive performance, 
and fertility of bulls under natural service in multisire 
mating groups on pasture. Of the 412 RFI-tested bulls 
available, 98 (23.8%) were culled for performance, 
type, temperament, or other reasons, and 88 (21.4%) 
were culled for failing BSE, for an overall cull rate of 
45.1%. From among the 314 bulls subjected to BSE, 32 
(10.2%), 20 (6.4%), and 36 (11.4%) were culled for poor 
feet and legs, scrotal circumference, and semen quality, 
respectively. The BSE traits were not different (P > 0.10) 
between bulls categorized as either ineffi cient (+RFI) or 
effi cient (–RFI), but the proportion of bulls that failed 

to meet the 60% minimum sperm motility requirement 
tended (P = 0.07) to be greater in the –RFI group than 
in the +RFI group (10.2% vs. 4.4%, respectively). In a 
subpopulation of 115 bulls, individual progressive sperm 
motility was greater (P < 0.05) in +RFI (85%) than –
RFI (80%) bulls. A multisire natural mating experiment 
was conducted during 2 consecutive breeding seasons 
(2006 to 2007 and 2007 to 2008) using 18 +RFI and 18 
–RFI bulls. The overall calving rate (calves born/cows 
exposed) was 72.9%. Mean number of progeny per sire 
was signifi cantly greater (P < 0.01) in –RFI bulls (18.3) 
than in +RFI bulls (11.8). Selection for feed effi ciency 
based on RFI appears to have no detrimental impact on 
reproductive performance and fertility in beef bulls bred 
in multisire groups on pasture. However, the decreased 
sperm motility and the greater number of progeny per sire 
associated with –RFI status need further investigation.
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However, published reports on the direct impact of RFI 
on male reproductive performance or fertility are lack-
ing. In bulls, scrotal circumference (SC) is an important 
fertility variable as it has been shown to be highly as-
sociated with testes weight, sperm output, semen quality 
traits, and age of puberty in heifer progeny (Almquist et 
al., 1976; Brinks et al., 1978; Coulter and Foote, 1979; 
Gregory et al., 1991). Two previous studies showed no 
correlation between selection for RFI and SC (Arthur 
et al., 2001a; Schenkel et al., 2004). In addition, penile 
extension, SC, semen concentration, sperm motility and 
abnormalities, and overall breeding soundness were not 
signifi cantly different among 62 Bonsmara bulls with 
positive, intermediate, and negative RFI values (Fox et 
al., 2004). Although these studies have shown no nega-
tive relationship between RFI and SC or other breeding 
soundness traits, there still remains a concern in the beef 
industry that selecting bulls for –RFI (effi cient bulls) 
will affect bull reproductive performance and fertility (J. 
Stewart-Smith, Beefbooster, Inc.,Calgary, Alberta, Cana-
da, personal communication). Beef breeders fear that the 
more effi cient bulls might be less active in the multisire 
mating group and thus have reduced reproductive perfor-
mance and fertility on pasture. This concern needs to be 
addressed to ensure that industry benefi t accrues through 
the adoption of RFI-based bull selection. The objective 
of this study was to assess the impact of selection for low 
RFI on breeding soundness, reproductive performance, 
and fertility of bulls under natural service in multisire 
mating groups on pasture.

MATERIALS AND METHODS

All animals were cared for according to the Cana-
dian Council on Animal Care (1993) guidelines.

All the bulls (n = 412) available for this study were 
terminal cross (TX, a terminal cross paternal line) 
young bulls of Beefbooster, Inc., which were RFI-test-
ed at the GrowSafe Test Facility (Olds College, Olds, 
Alberta, Canada) from 2004 to 2008. The RFI test du-
ration was approximately 84 to 87 d each year. The 
GrowSafe RFI tests were started from November to 
January in each testing year, and the test protocol and 
RFI calculations followed those described by Basarab 
et al. (2003, 2007). The diet consisted of 30.2% barley 
grain, 52.4% oats grain, 12.3% alfalfa silage, and 5.1% 
protein and trace mineral supplements (as-fed basis; 
71.1% diet DM; 11.08% MJ ME/kg DM diet). All 412 
bulls were pooled together to calculate the RFI for each 
individual animal. As 150 bulls were eventually culled 
before semen quality exams, the RFI was recalculated 
for the remaining 262 animals.

A multisire mating study was conducted during 2 
consecutive breeding seasons in 2007 (Three Cross 

Cattle Ltd., Airdrie, Alberta, Canada) and 2008 (Three 
Cross Cattle Ltd. and Namaka Farms, Strathmore, Al-
berta, Canada).

Calculation of Growth and Effi ciency Traits

The bulls arrived at the GrowSafe RFI test facility 
approximately 30 to 40 d before the start of the FI and 
growth test. Bulls were placed into a feedlot pen fi tted 
with 10 GrowSafe System feeding stations (GrowSafe 
Systems Ltd., Airdrie, Alberta, Canada) for the auto-
matic monitoring of individual animal FI and adjusted 
to their fi nal test diet over a 28-d adjustment period. The 
adjustment period was followed by an 84 to 87 d test 
period. Animals were weighed on 2 consecutive days at 
the start and end of the test and in between at 14-d inter-
vals. Bull on-test BW, midtest BW, and ADG were cal-
culated by a linear regression of the BW of the animal on 
day following methods outlined by Basarab et al. (2007). 
The estimation of maintenance requirements was cap-
tured by using midtest BW to the three-quarters power 
(BWT0.75; NRC, 1996). It has previously been shown 
that BWT0.75 is proportional to fasting energy expendi-
ture, such that metabolic requirements are scaled with 
body size. Residual feed intake was obtained as a linear 
function of standardized DMI (SDMI; 10 MJ ME/kg 
DM) on BW and growth rate as suggested by Basarab 
et al. (2003) as

RFI = SDMI − (β0 + β1ADG + β2MMWT),

where β1 and β2 are partial regression coeffi cients,  β0 is 
the intercept, and MMWT is the metabolic midtest BW, 
which is BWT0.75.

Breeding Soundness Evaluation

A certifi ed veterinarian performed all breeding 
soundness evaluation (BSE) in the middle of April each 
year, and weaning BW, preweaning ADG, 365-d BW, 
365-d SC, front and hind feet score, temperament score, 
and semen quality (density, motility, and morphology) 
were determined. Ninety-eight of the 412 bulls were 
culled because of light weaning BW, preweaning ADG, 
365-d BW, and temperament. Therefore, only 314 of the 
412 bulls were subjected to BSE. An additional 52 bulls 
were culled because of poor SC (<32 cm) or undesirable 
front and hind feet scores, resulting in only 262 bulls 
subjected to semen collection and evaluation.

The SC measurements were taken to the nearest 0.5 
cm using a scrotal tape and taken at the point of great-
est circumference when both testicles were pulled fi rmly 
into the bottom of the scrotum (Barth, 2000). Front and 
hind feet scores were on a scale of 1 to 5, where 1 = ex-



2965Residual feed intake and bull fertility

cellent and 5 = poor. Temperament scores were also on a 
scale of 1 to 5, where 1 = calm and 5 = very aggressive. 
Semen was collected by electroejaculation from the 262 
bulls using standard procedures and then examined for 
density and individual progressive motility (motility, 
%) using a light microscope at 400× magnifi cation. Se-
men density scores were on a scale of 1 to 5, where 1 
= excellent and 5 = poor, and motility scores were on 
a percentage scale. Bulls yielding semen samples with 
less than 60% motility were culled (Barth, 2000). Semen 
smears were prepared and stained with Eosin-Nigrosin 
for sperm morphology evaluation under 1000× magni-
fi cation, and bulls yielding semen with less than 70% 
normal sperm were culled (Barth, 2000). No effort was 
made to further categorize sperm abnormalities into pri-
mary vs. secondary abnormalities.

Multisire Mating Trials

The bulls (n = 36) used in the multisire mating trials 
were selected from the 142 bulls tested for RFI during the 
years 2006 to 2007 and 2007 to 2008. The experiment 
was designed with equal numbers (18 each) of +RFI and 
–RFI bulls in 2 yr, and the criterion for bull selection was 
to select the 2 extremes of +RFI and –RFI bulls available 
in the same group of bulls in each test year. There were 
no differences in age, 365-d BW, ADG, and 365-d SC 
between the 2 RFI bull groups. The assignment of test 
bulls and cows by location during the 2 breeding seasons 
is shown in Table 1. During the fi rst year, the experiment 
was carried out at Three Cross Cattle Ltd. Sixteen Beef-
booster TX yearling bulls with divergent RFI phenotypes 
(8 +RFI and 8 –RFI) were selected from a larger popula-
tion of 34 +RFI and 39 –RFI tested bulls. These 16 bulls 
were assigned to breed 320 cows in 3 pastures, result-
ing in a cow-to-bull ratio of 20:1. The fi rst and second 
pasture groups contained 120 cows assigned to 3 +RFI 
and 3 –RFI bulls each, and the third group contained 80 
cows assigned to 2 +RFI and 2 –RFI bulls. These cows 
calved from April to May of 2008. In the second year, 
experiments were conducted in the Three Cross Cattle 

and Namaka Farms herds. Twenty Beefbooster TX year-
ling bulls with divergent RFI phenotypes (10 +RFI and 
10 –RFI) were selected from 35 +RFI and 34 –RFI bulls. 
Ten (5 +RFI and 5 –RFI) bulls were assigned to 210 
cows (cow-to-bull ratio of 21:1) at Three Cross Cattle 
Ltd., and the remaining 10 (5 +RFI and 5 –RFI) bulls 
were assigned to 215 cows (cow-to-bull ratio of 21.5:1) 
at Namaka Farms. Calving occurred from April to May 
of 2009. The breeding seasons for both years started on 
the third week of July, and the bulls stayed in their multi-
sire mating groups on pasture for 50 d.

Parentage Test

All test bulls and their calves born from the multi-
sire mating group in the 2 experimental yr (Table 1) were 
genotyped using the Igenity marker panel (Merial Ltd./
Igenity, Duluth, GA) with a total of 233 SNP markers 
(Tang et al., 2011) at the Bovine Genomics Laboratory at 
the University of Alberta. The genotypes of calves from 
each multisire mating group were analyzed and compared 
against the genotypes of all potential bulls used in that 
mating group. The paternity of each calf was then as-
signed on the basis of the comparative genotyping results. 
The assigned parentage information was used to deter-
mine the fertility and mating ability of the +RFI and –RFI 
test bulls.

Statistical Analysis

The impact of RFI (+RFI and –RFI) on culling in the 
bulls tested (n = 412) during the years 2004 to 2008 was 
determined by χ2 tests using the FREQ procedure (SAS 
Inst. Inc., Cary, NC). When cell sizes were less than 5 for 
culling reasons, a Fisher’s test was used to compare RFI 
status. The continuous variables for growth, effi ciency, 
and SC were subjected to ANOVA with the fi xed effects 
of bull RFI status (+RFI and –RFI) and year of test. The 
GLM procedure of SAS was used to determine the sig-
nifi cant fi xed effects and obtain least-squares means and 
SE for all continuous traits. Medians of +RFI and –RFI 
bulls for the score traits, sperm motility, and morpholo-
gy were compared by a Kruskal-Wallis test (Kruskal and 
Wallis, 1952) for nonparametric data using the NPAR-
A1WAY procedure of SAS. The number of progeny per 
sire for the trial bulls was analyzed using the GENMOD 
procedure of SAS with a model that included fi xed ef-
fects of bull RFI status and contemporary group [breed-
ing year (2007 and 2008) and herd (Three Cross and Na-
maka Farms)] and assuming a Poisson distribution. The 
correlations between RFI of bulls and their growth, feed 
effi ciency, and BSE traits were computed using the cor-
relation procedure of SAS.

Table 1. Assignment of bulls and cows to the multisire 
mating experiment in 2 locations

RFI1 test and 
breeding year Location

No. of bulls No. 
cows

Bull:cow 
ratio+RFI1 –RFI1

2007 Three Cross2 8 8 320 1:20.0
2008 Three Cross2 5 5 210 1:21.0
2008 Namaka Farms3 5 5 215 1:21.5
Total 18 18 745 1:20.7

1RFI = residual feed intake.
2Three Cross cattle Ltd., Airdrie, AB, Canada.
3Namaka Farms, Strathmore, AB, Canada.
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RESULTS

Descriptive statistics (means or median scores) for 
growth, effi ciency, and BSE traits, together with the 
phenotypic correlations of all traits with RFI for all 262 
bulls available for semen quality evaluation, are shown 
in Table 2. Feed intake and feed conversion ratio (FCR) 
were positively correlated with RFI (P < 0.01; Table 2). 
None of the BSE traits, with the exception of sperm mo-
tility, were positively correlated with RFI.

The impact of RFI on culling reasons for bulls test-
ed for RFI (n = 412) during the years 2004 to 2008 are 
shown in Table 3; the reasons for culling did not differ 
(P = 1.0) between the +RFI and –RFI bull groups. Cull-
ing reasons for only those RFI bulls (n = 314) subjected 
to BSE are presented in Table 4. Bulls that failed the 
BSE for reasons relating to feet and leg problems, SC, 
and semen quality did not differ (P ≥ 0.13) between the 
2 RFI groups (Table 4). A slightly greater (P = 0.07) pro-
portion of –RFI bulls failed to meet the 60% minimum 

motility requirement compared with +RFI bulls (10.24% 
vs. 4.44%, respectively).

The data on progeny per sire for the 36 bulls used in 
the multisire mating experiment are presented in Table 5. 
The mean age, adjusted 365-d BW and SC, and median 
scores for feet, temperament, and semen characteristics at 
BSE for all bulls tested during the years 2006 to 2007 and 
2007 to 2008 are also presented in Table 5. With the excep-
tion of decreased number of progeny per sire in the +RFI 
and decreased sperm motility in –RFI bulls, no differences 
(P ≥ 0.13) were observed between +RFI and –RFI bulls 
in any of the other traits evaluated. Despite the decreased 
sperm motility, the average progeny per sire was signifi -
cantly (P < 0.01) greater for –RFI bulls (Table 5).

DISCUSSION

With the exception of sperm motility, none of the 
BSE traits was associated with RFI in the present study. 

Table 2. Descriptive statistics for growth, feed effi -
ciency, and breeding soundness evaluation traits and 
their phenotypic correlations with residual feed intake 
(RFI) for all 262 bulls available for semen quality evalu-
ation

Traits No.
Mean1 

(Median2) SD rp
3

P-value 
level

On-test BW, kg 262 338.6 36.19 −0.02 0.69
ADG, kg/d 262 1.7 0.27 0.00 1.00
Feed intake, kg DM/d 262 8.9 1.40 0.53 0.00
F CR4, kg DM feed/

kg gain 262 5.2 1.27 0.35 0.00

Midpoint BW, kg 262 418.6 43.52 0.00 0.98
M etabolic midpoint 

BW, kg
262 112.6 8.79 0.00 1.00

RFI, kg DM/d 262 0.0 0.82

Breeding soundness evaluation
Age, d 262 355.3 17.08 0.01 0.88
365-d BW, kg 262 560.4 40.17 −0.02 0.69
365-d SC,5 cm 262 36.0 2.44 −0.01 0.82
Front feet score 262 (2.0) — 0.00 0.96
Hind feet score 262 (2.0) — 0.03 0.61
Temperament score 262 (2.0) — -0.01 0.86
Semen density score 262 (3.0) — -0.05 0.38
N ormal sperm 

morphology, %
262 (85.0) — 0.07 0.21

Sperm motility, % 262 (85.0) — 0.11 0.05
1For continuous traits, both mean and SE for each trait were calculated.
2For discontinuous traits, only the medians were calculated.
3Phenotypic correlation
4Feed conversion ratio and is defi ned as per kg of body weight gain re-

quired for kg of feed intake of dry mater
5The 365-d scrotal circumference (SC, cm) = actual SC + [(365 − age at 

measurement, in days) × (actual SC/age at measurement, in days)].

Table 3. Cull reasons for ineffi cient (+) and effi cient 
(–) residual feed intake (RFI) beef bull tested during the 
years 2004 to 2008

Item
+RFI –RFI

P-valueNo. Percentage No. Percentage
T otal bulls tested 

for RFI
213 51.69 199 48.31

Culling reasons
P erformance,1 type, 

temperament 50 23.47 48 24.12 0.77

Bulls culled for BSE2 44 26.99  44 29.14 1.0
Total bulls culled 94 44.13  92 49.50 0.84

1Performance includes weaning BW, preweaning ADG, and yearling BW
2BSE = breeding soundness evaluation.

Table 4. Cull reasons after breeding soundness evalu-
ation (BSE) in ineffi cient (+) and effi cient (–) residual 
feedintake (RFI) beef bulls tested during the years 2004 
to 2008

Item
+RFI –RFI

P-valueNo. Percentage No. Percentage
T otal bulls tested 

for BSE 163 51.90 151 48.10

Culling reasons
BSE: feet and legs 19 11.66 13 8.61 0.13
B SE: scrotal 

circumference 9 5.52 11 7.28 0.52

BSE: semen quality1 16 9.82 20 13.24 0.48
Density2 2 1.48 0 0.00 n/a
Morphology2 8 5.93 7 5.51 0.71
Motility2 6 4.44 13 10.24 0.07
Bulls culled for BSE 44 26.99 44 29.14 1.0

1Semen density, morphology, and individual motility were based on West-
ern Canadian Association of Bovine Practitioners guidelines.

2Percentages for sperm density, morphology, and motility for +RFI (n = 
135) and –RFI (n = 127) bulls were based on 262 bulls that were available 
for semen evaluation.
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When all 262 bulls subjected to semen evaluation were 
taken into account, there was a tendency for a greater 
proportion of –RFI bulls failing to meet the 60% mini-
mum requirement for sperm motility than +RFI bulls. 
Moreover, when the subset of 115 bulls subjected to 
semen evaluation during the years 2006 to 2007 and 
2007 to 2008 was considered, median sperm motility 
was greater in +RFI than in –RFI bulls. Therefore, from 
our results, it may be inferred that a greater proportion 
of bulls selected for –RFI may fail to meet minimum 
requirements for sperm motility. Recent work from the 
University of Guelph also found decreased sperm mo-
tility in bulls selected for –RFI (S. P. Miller, personal 
communication. However, Fox et al. (2004) reported no 
differences in semen concentration, sperm motility, and 
abnormalities and overall breeding soundness among 62 
Bonsmara bulls with positive, intermediate, and nega-
tive RFI values, which are in partial agreement with 
the present study. It is noteworthy that the percentage 
of sperm with morphological abnormalities was not dif-
ferent between the 2 RFI groups. In this regard, Barth 
and Waldner (2002) showed that a vast majority of bulls 
that have 70% morphologically normal sperm will have 
>60% sperm motility if the semen is properly handled. 
It must be recognized that the scoring procedure for 
motility is somewhat subjective and can be affected by 
many factors, such as temperature, time, concentration, 

contamination, and method of collection (Barth, 2000; 
Agdex, 2002). Hence, sperm motility should not be used 
as a sole measure of bull fertility (Agdex, 2002). Barth 
and Waldner (2002) reported that an individual motility 
of 70.2% was observed in bulls with above-average SC. 
They considered the quality of the semen to be ques-
tionable when the individual motility was between 40% 
and 59% and the proportion of morphologically nor-
mal sperm was between 59% and 69%. In the present 
study, we followed the Western Canadian Association 
of Bovine Practitioners BSE guidelines (Barth, 2000); 
therefore, 60% and 70% minimum requirements were 
set for motility and morphology, respectively. Further-
more, there is little emphasis placed on primary vs. sec-
ondary sperm abnormalities in this system of evaluation. 
Although it appears in this study the decreased motility 
score in –RFI compared with +RFI bulls had no impact 
on fertility, the relatively greater proportion of –RFI 
bulls failing to meet the 60% motility requirement cho-
sen in the present study needs further investigation. It 
should be noted that in this study animals were culled 
for different reasons because of management protocols, 
after which they were not available for subsequent anal-
ysis of several BSE traits.

Despite decreased sperm motility in –RFI bulls and 
a greater proportion of –RFI bulls failing to meet the 
minimum motility requirement, the mean number of 

Table 5. Comparison of breeding soundness evaluation (BSE) traits for ineffi cient (+) and effi cient (–) residual feed 
intake (RFI) bulls tested during the years 2006 to 2007 and 2007 to 2008 and number of progeny for those bulls used 
in the multisire mating experiment

Category Traits
+RFI –RFI

No. Mean1 (Median2) SE No. Mean1 (Median2) SE P-value
B ulls RFI 

tested
Age, d 693 343.57 1.22 733 345.27 1.19 0.23
365-d BW, kg 69 553.87 6.10 73 551.79 5.91 0.98
ADG, kg/d 69 1.84 0.03 73 1.84 0.03 0.90
365-d SC4, cm 69 36.73 0.38 73 36.37 0.37 0.40
Front feet score 653 (2.00) — 693 (3.00) — 0.61
Hind feet score 65 (2.00) — 69 (2.00) — 0.11
Temperament score 65 (2.00) — 69 (2.00) — 0.74
Semen density score 553 (2.00) — 60x (3.00) — 0.29
Normal sperm morphology, % 55 (87.00) — 60 (82.00) — 0.66
Sperm motility, % 55 (85.00) —  60 (80.00) — 0.04

B ulls in mating 
experiment

No. sire 18 1.24 0.16 18 -1.05 0.13 <0.01

No. progeny 213 — — 330 — — —

Avg progeny/sire 11.8 — 2.48 18.3 — 2.47 <0.01

Age, d 18 347.4 3.12 18 347.0 3.31 0.92

365-d BW, kg 18 562.9 12.49 18 546.6 13.25 0.38

ADG, kg/d 18 1.8 0.05 18 1.8 0.06 0.76
365-d SC, cm 18 37.5 0.61 18 36.6 0.65 0.35

1For continuous traits, both mean and SE for each trait were calculated.
2For discontinuous traits, only the medians were calculated.
3Bulls that did not pass their SC test were not examined for conformation, and those that did not pass conformation were not semen sampled.
4Scrotal circumference.
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progeny per bull was signifi cantly greater in the –RFI 
group, suggesting that selection for –RFI may have a 
positive effect on reproductive performance and bull 
fertility. The reason for the result is uncertain but may 
be related to –RFI bulls having more stored energy re-
serves because of reduced maintenance requirements 
and feeding activity, thus having more energy reserves 
for breeding activity. In a recent study, Durunna et al 
(2011) reported that feeding event behaviors (feeding 
duration, head down time, and feeding frequency) were 
decreased in effi cient bulls during GrowSafe testing pe-
riods, and this may suggest that the effi cient bulls might 
also have more time available for breeding. However, 
whether these feeding event behaviors observed in the 
GrowSafe system will translate to less time grazing on 
pasture and more time for breeding remains unknown.

It must be noted, however, that 2 +RFI bulls, 1 at each 
farm, produced no progeny during the trial. Both bulls had 
passed the BSE and semen quality exams. When these 2 
bulls were removed from the analysis the number of prog-
eny per sire for the +RFI was 13.3 ± 2.6 and for the –RFI 
was 18.3 ± 2.4, and this difference was not signifi cant.

Estimates of heritability for SC, motility, and to-
tal sperm abnormalities as reported by Garmyn et al. 
(2011) are 0.46, 0.05, and 0.25, respectively. Therefore, 
SC and sperm abnormalities are responsive to selection 
and could be optimized by selective breeding. However, 
similar responses to selection would not be expected for 
sperm motility. Furthermore, none of the BSE traits in-
vestigated in this study were correlated with RFI, and 
therefore, they appear to be independent.

The rate of culling yearling bulls was independent of 
RFI and averaged approximately 45%in both –RFI and 
+RFI groups. Of those bulls subjected to BSE, the cull-
ing rate did not differ between the 2 groups (26.99% and 
29.14% for + RFI and –RFI bulls, respectively). How-
ever, these culling rates are considerably greater than the 
10% reported by McDermott et al. (1994) for beef herds 
in Ontario, Canada.

Scrotal circumference measurement is associated 
with testes weight, sperm output, high semen quality 
traits, and age of puberty in heifer progeny (Almquist et 
al., 1976; Brinks et al., 1978; Coulter and Foote, 1979; 
Gregory et al., 1991). A very high proportion (93.63%) 
of bulls at 1 yr of age exceeded the suggested minimum 
SC of 28 to 32 cm recommended for several common 
beef cattle breeds in Canada (Barth, 2000). In the pres-
ent study, a minimum SC of 32 cm was chosen; although 
it may be considered high for yearling bulls, the culling 
rate due to SC did not differ between the RFI groups, 
nor was there any correlation between SC and RFI. Our 
results support the fi ndings of 3 previous studies. In this 
regard, Arthur et al. (2001a) did not observe signifi cant 
phenotypic (rp = 0.10, rp = 0.0) or genetic (rg = −0.03, 

rg = −0.10) correlations between SC and RFI or FCR 
in Angus bulls. In addition, Schenkel et al. (2004) also 
reported that no signifi cant phenotypic and genetic cor-
relations between SC and RFI were observed in young 
purebred beef bulls of 6 breeds in Ontario bull test sta-
tions from 1991 to 2000. Last, Fox et al. (2004) reported 
no differences in SC among 62 Bonsmara bulls with 
positive, intermediate, and negative RFI values. This 
suggests that selecting for improved feed effi ciency on 
the basis of –RFI will not have any detrimental effect 
on SC of bulls. Two other independent studies have re-
ported that –RFI and +RFI cows did not differ for preg-
nancy, calving, and weaning rates for cows selected for 
postweaning RFI (Arthur et al., 2005) and for cows that 
produced –RFI and +RFI progeny (Basarab et al., 2007). 
However, –RFI heifers have been reported to have in-
creased age at puberty (Donoghue et al., 2011; Shaffer 
et al., 2011).

This small effect of –RFI on sperm motility and heif-
er age at puberty may be due to the FI testing procedure 
favoring later-maturing animals as fi rst proposed by Ba-
sarab et al. (2007). These authors have hypothesized that 
because postweaning FI tests occur with a mixture of pre- 
and postpubertal animals, bulls or heifers not reaching 
puberty (later maturing) until the end of the test would 
have decreased RFI values compared to bulls or heifers 
reaching puberty at the start of the test because of the 
energy expenditures associated with sexual development 
and activity. It could also be that because + RFI animals 
are fatter, they reach puberty sooner because of the posi-
tive effects that fat reserves have on the onset of puberty.

Implications

Results from this study demonstrate that RFI is an 
alternative measure of effi ciency independent of growth 
and body size that provides an opportunity to identify 
more effi cient cattle with no detrimental impact on re-
productive performance and fertility in beef bulls bred in 
multisire groups on pasture. Scrotal circumference, the 
number of progeny per sire, breeding soundness traits, 
and most reproduction traits were not associated with 
RFI in yearling bulls. Sperm motility, however, appears 
to be slightly less in bulls selected for –RFI, although 
no effect on siring ability was found in this study. It is 
expected that benefi ts to the beef industry will accrue 
by the adoption of RFI-based bull selection. However, 
additional studies are warranted to further examine the 
relationship between RFI and sperm motility and to con-
fi rm that selection for improved feed effi ciency (–RFI) 
will not compromise bull fertility.
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