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ABSTRACT

Providing access to forage has been shown to influ-
ence feeding behavior and non-nutritive oral behavior 
in individually housed calves, and these effects may be 
enhanced or altered in calves reared in social housing. 
We evaluated the effect of hay provision on the be-
havioral development and performance of group-housed 
dairy calves. Holstein calves (n = 32) were group-
housed (4 calves per group) at 17 ± 3 (mean ± SD) d 
of age. All calves were provided milk replacer (8 L/d) 
via an automated milk feeder and pelleted starter and 
water ad libitum. Pens were randomly assigned to re-
ceive either chopped coastal Bermuda grass in buckets 
adjacent to the starter trough (starter and hay, STH; n 
= 4 pens), or no additional feed (starter only, ST; n = 
4 pens). Calves were weaned through a 10-d stepdown 
program beginning at 46 d of age. Intake of solid feed 
and hay were recorded daily, and body weights were 
measured weekly. The behavior of 2 focal calves per 
pen was recorded continuously from video for 12 h on 
2 consecutive days during each of wk 4, 6, and 7 of life, 
to measure solid feed intake time, grooming, and pen-
directed sucking. Hay provision influenced total feed in-
take, with calves provided hay having greater total solid 
feed intake in the week before weaning (0.79 vs. 0.55 
kg/d, STH vs. ST, respectively; SE = 0.19). Average 
daily gain (ADG) was similar during the pre-weaning 
period but tended to be greater for STH calves during 
weaning. Calves in pens provided hay also had fewer 
unrewarded visits to the milk feeder during weaning 
(12.5 vs. 21.1 visits per 12 h, STH vs. ST, respectively; 
SE = 3.59) and performed less pen-directed sucking 
(9.11 vs. 19.3 min per 12 h, STH vs. ST, respectively; 
SE = 2.86). Self-grooming time and bout characteristics 
evolved differently between treatments over time, with 
pens of calves provided hay having a greater increase in 
frequency and duration of self-grooming bouts during 
weaning. Overall, we found that providing hay to pre-

weaned calves resulted in behavioral and performance 
benefits, including greater total feed intake and reduc-
tions in pen-directed sucking, suggesting that access to 
hay may improve calf welfare.
Key words: dairy calf, group housing, feeding 
behavior, hay, grooming

INTRODUCTION

Evidence suggests that providing dairy calves ac-
cess to hay, in addition to milk and starter during the 
pre-weaning period, may have both performance and 
behavioral benefits. From a performance standpoint, 
provision of hay may stimulate greater solid feed in-
take before weaning (Khan et al., 2011; Castells et 
al., 2012), but effects of forage provision depend on 
different factors, including variety of forage and form 
of starter. For example, calves prefer hay over straw 
(Webb et al., 2014) and demonstrate higher intakes of 
grass hays compared with straw and silage (Castells et 
al., 2012). It has also been suggested that provision of 
forage may be most beneficial from a rumen develop-
ment standpoint when the starter is pelleted, rather 
than texturized (Suarez-Mena et al., 2016). Providing 
hay has been found to improve rumen environment and 
rumen development (Khan et al., 2011; Castells et al., 
2013; Pazoki et al., 2017), and some studies suggest 
that hay intake may improve feed efficiency and growth 
(Coverdale et al., 2004; Castells et al., 2012), whereas 
others report similar growth with provision of forage 
(Ueno et al., 2014).

In naturalistic conditions, calves consume forage ear-
ly in life. Extensively reared beef calves begin grazing 
slowly in the first weeks of life, with patterns of activ-
ity mirroring adult cows (Nicol and Sharafeldin, 1975), 
suggesting that early foraging is part of the natural de-
velopment of calf feeding behavior and is socially facili-
tated. Allowing for this component of feeding behavior 
by providing hay in early life may be broadly beneficial 
for behavioral development of calves. Importantly from 
a behavioral standpoint, calves consistently select a 
proportion of hay in their diet (Phillips, 2004; Castells 
et al., 2012), even sorting within mixed diets for the 
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hay fraction (Miller-Cushon et al., 2013a; Costa et al., 
2016), suggesting that they are motivated to consume 
forage. Increased opportunities for foraging, as facili-
tated by hay provision, reduce pen-directed sucking in 
individually housed calves (Haley et al., 1998; Horvath 
and Miller-Cushon, 2017) and increase rumination and 
decrease tongue playing in older veal calves (Webb et 
al., 2015). Non-nutritive oral behaviors typically occur 
as a redirection of natural sucking behavior (Jensen 
and Weary, 2013) and may be directed toward other 
calves in group-housed settings (Lidfors, 1993). Calves 
perform less non-nutritive sucking when provided 
higher milk allowances (Jung and Lidfors, 2001) and 
access to a teat (de Passillé, 2001; Lupoli et al., 2001), 
yet reductions in non-nutritive oral behavior seen with 
forage provision suggest that access to hay may satisfy 
a motivation for oral manipulation that might other-
wise be redirected toward pen fixtures or pen mates. In 
previous work, we found increased behavioral flexibility 
in calves provided hay and milk via a teat, instead of 
by bucket (Horvath and Miller-Cushon, 2018), sug-
gesting that providing outlets for highly motivated 
oral behaviors is beneficial for behavioral development. 
Evidence also suggests possible links between grooming 
and the motivation to perform oral behaviors, including 
social grooming or sucking, as cattle will display mouth 
movements similar to those seen in tongue rolling when 
brushed (Simonsen, 1994). However, possible effects of 
hay provision on grooming and social behaviors have 
not been explored.

Despite evidence that social housing influences feed-
ing behavior of dairy calves, the effects of hay provision 
on the behavioral development of group-housed dairy 
calves has not been well studied over the pre-weaning 
period. Social contact influences behavioral develop-
ment by providing opportunities for social learning and 
socially facilitating behavior, which influences acquisi-
tion and performance of feeding behaviors and accep-
tance of novel foods across species (reviewed by Galef 
and Giraldeau, 2001). For example, housing calves in 
pairs has been found to provide performance benefits, 
including stimulating solid feed intake and improving 
weight gain, particularly during weaning (Costa et al., 
2015; Miller-Cushon and DeVries, 2016). Further, Phil-
lips (2004) found that group-housed calves consumed 
more fresh-cut grass than did calves housed individu-
ally, and Costa et al. (2014) describe reduced food 
neophobia in calves reared in social groups with access 
to adult cows. This evidence of social influences on ac-
ceptance of solid feed in calves suggests that effects of 
hay provision on performance and behavior might be 
expected to be enhanced in group-housed calves com-
pared with calves housed individually. Therefore, our 
objective was to examine the effects of hay provision 

on the development of feeding patterns, non-nutritive 
oral behaviors, social behaviors, and performance of 
group-housed calves throughout the pre-weaning stage 
and across the weaning transition. We hypothesized 
that, in addition to previously reported benefits of hay 
provision in stimulating solid feed intake, access to hay 
would reduce non-nutritive oral behaviors, including 
cross-sucking, in group-housed calves and would pro-
mote grooming and social behaviors.

MATERIALS AND METHODS

Animals and Management

Thirty-two Holstein heifer and bull calves (n = 32; 
16 heifers and 16 bulls) were enrolled at the University 
of Florida Dairy Unit (Hague, FL). Calves were man-
aged according to the standard operating procedures 
for this facility, with all study procedures reviewed and 
approved by the University of Florida Institutional 
Animal Care and Use Committee. This experiment was 
conducted in the fall (September to November; aver-
age temperature 21.7°C, with average daily maximum 
26.5°C). Calves received 4 L of quality-controlled colos-
trum by bottle within 1 h of birth and were uniquely 
identified using radiofrequency identification ear tags. 
From birth, calves were initially housed in individual 
wire pens, allowing visual but not physical contact, 
and provided 8 L/d of pasteurized waste milk via teat 
buckets in 2 daily feedings.

At approximately 2 wk of age (17 ± 3 d of age; mean 
± SD), calves were moved to group pens (4 calves per 
pen; 2 heifers and 2 bulls per pen; pen dimensions 3.7 
× 8.0 m) deep-bedded with sand and located under 
an open-sided barn equipped with overhead fans to 
circulate air. All calves in each group were enrolled on 
the same day. All pens had ad libitum access to water 
and pelleted calf starter (22% CP and 2% fat; Ampli-
Calf Starter Warm Weather, Purina Animal Nutrition 
LLC, Shoreview, MN; Table 1) via a feeding trough (10 

Table 1. Chemical composition of feeds (mean ± SD; DM basis)

Chemical composition1 Starter2 Hay3

DM (%) 93.13 ± 2.34 94.02 ± 0.53
CP (% of DM) 22.17 ± 0.40 11.03 ± 0.84
ADF (% of DM) 14.83 ± 0.57 42.70 ± 1.80
NDF (% of DM) 25.43 ± 1.21 74.42 ± 1.96
NFC (% of DM) 44.80 ± 1.32 9.27 ± 2.47
TDN (% of DM) — 44.80 ± 1.09
1Values were obtained from chemical analysis of feed samples.
2Pelleted, Ampli-Calf Starter 20 Warm Weather; Purina Animal 
Nutrition LLC, Shoreview, MN.
3Chopped coastal Bermuda grass (5 cm).
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cm deep × 20 cm wide × 152 cm long). Starter was 
replaced daily.

Upon introduction the group pen, all calves received 
a maximum of 8 L/d of milk replacer (28% CP and 
15% fat, with Bovatec and Clarifly; Southeast Milk 
Inc., Mayo, FL) fed through an automated milk feeder 
(CF1000X, DeLaval, Kansas City, MO). The feeder was 
set to limit milk intake per visit to a maximum of 2.5 
L. Calves were weaned over 10 d, beginning at 47 ± 3 
d of age, using an incremental stepdown program (8 to 
2 L/d).

Calves received a weekly veterinary exam and were 
monitored daily for signs of illness by farm personnel. 
Before movement to group pens (<2 wk of age), it was 
common for calves to experience mild diarrhea, which 
was treated with provision of electrolytes. Only calves 
that were clinically healthy at the point of entry to 
group housing were enrolled in the study. Calves were 
determined to be healthy for the duration of the experi-
ment, based on daily health checks by study staff and 
weekly clinical exams.

Experimental Design

Upon introduction to group housing, each pen of 4 
calves was randomly assigned to receive either starter 
with additional chopped coastal Bermuda grass hay 
(STH; n = 4 pens), or no additional feed (ST; n = 4 
pens). Based on a power calculation (proc power; SAS 
version 9.4, SAS Institute Inc., Cary, NC), it was esti-
mated that 4 pens per treatment should be sufficient to 
detect differences in primary response variables, with 
approximately 80% power, based on estimates of vari-
ance drawn from previous data collected from small 
groups of calves (feeding time and meal characteris-
tics of pair-housed calves; Miller-Cushon and DeVries, 
2016) and considering estimated effect sizes drawn from 
previous studies investigating effects of providing for-
age on feeding behavior outcomes (Castells et al., 2012; 
Horvath and Miller-Cushon, 2017).

The hay was chopped to pass through a 5-cm sieve 
and provided in 2 buckets (20 cm wide × 30 cm deep) 
placed adjacent to the feeding trough containing the 
starter. Deeper buckets were provided for the hay than 
for the pelleted starter, to reduce spillage given the 
volume of the hay provided, and 2 buckets were pro-
vided (in addition to starter provided in a trough, as 
discussed above) to ensure availability of hay to mul-
tiple calves simultaneously. Both the starter and hay 
feeders were filled such that the surface of the feed was 
similarly near the top of the bucket and readily acces-
sible. Hay was replenished daily and was fully replaced 
as needed or once per week. The amount of starter and 

hay provided was increased based on the amount of 
feed each pen consumed over time, to allow ad libitum 
intake (target 20% orts). Feed levels were checked in 
the evening, and additional feed was added as needed.

Data Collection

Daily individual milk intake and the number of 
rewarded and unrewarded visits to the feeder were 
recorded by the automated milk feeder. Daily starter 
and hay intake were measured at the pen level, based 
on the amount offered and the amount refused. Calves 
were weighed weekly using a floor scale (VS2000 floor 
scale, A and A Scales, Prospect Park, NJ), and BW 
was used to calculate weekly ADG. Chest circumfer-
ence and withers height were also measured weekly, 
using a measuring tape (3.04 m; Dritz, Spartanburg, 
SC) to evaluate growth.

To determine DM of the feed and assess the daily 
DMI at the pen level, we sampled fresh feed and indi-
vidual orts from each pen weekly, just before removal 
and delivery of fresh feed. Samples taken for DM were 
oven-dried within 4 h of collection, at 55°C for 48 h, to 
determine DM content. To determine the nutritional 
profiles of solid feed, samples of hay and starter were 
sent to Cumberland Valley Analytical Services Inc. 
(Waynesboro, PA) for analysis of DM (1358C; AOAC 
International, 2000: method 930.15), ash (5358C; 
AOAC International, 2000: method 942.05), ADF 
(AOAC International, 2000: method 973.18), NDF with 
heat-stable α-amylase and sodium sulfite (Van Soest 
et al., 1991), and CP (N × 6.25; AOAC International, 
2000: method 990.03; Leco FP-528 Nitrogen Analyzer, 
Leco, St. Joseph, MI). The nutrient content of solid 
feed is reported in Table 1.

Behavioral data were collected during 2 observation 
periods to characterize behavioral development during 
the pre-weaning stage [wk 4 (29 to 30 ± 5 d of age) and 
wk 6 (43 to 44 ± 3 d of age)] and during 1 observation 
period to assess behavior during weaning [wk 7 (50 to 
51 ± 4 d of age)]. Each pen was recorded using a digital 
video camera (Axis M2026-LE Network Camera; Axis 
Communications, Lund, Sweden) mounted approxi-
mately 3 m from the ground. Behaviors were recorded 
continuously from video using Behavioral Observation 
Research Interactive Software (BORIS; Friard and 
Gamba, 2016). For each pen, the behaviors of 2 focal 
animals (both heifers from each pen were selected; 2 
calves per pen and 8 calves per treatment) were re-
corded from 0600 to 1800 h to capture daylight hours 
on 2 consecutive days in each observation week. As 
these observation days were assigned based on calf age, 
they were the same for focal calves within the same pen 
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but differed between pens. Focal calves were identified 
on video by their unique coat patterns. We character-
ized the following behaviors: self-grooming (defined as 
licking or mouth movement in contact with any part 
of own body or scratching the back of head with the 
foot), allogrooming (defined as licking or mouth move-
ment in contact with any part of another calf’s body 
or head), eating starter (defined as head lowered with 
mouth in starter trough), eating hay (defined as head 
lowered with mouth in hay bucket), displacements from 
feeder (defined as contact from another calf resulting in 
the focal calf backing out of the automated milk feeder 
stall), waiting to use feeder (defined as calf standing 
within 1 body length of automated milk feeder stall 
with head directed to the stall while another calf oc-
cupies the stall space), pen-directed sucking (defined as 
mouth open and in contact with parts of pen sides or 
fixtures), cross-sucking (defined as calf sucking the ear, 
scrotum, prepuce, tail, udder area, or navel of another 
calf; Lidfors, 1993), and social lying (defined as lying 
down with another calf lying within 1 body length). 
A total of 4 observers were used to characterize these 
behaviors from video (interobserver reliability was 
calculated for 1 day of video collection, with Cohen’s 
kappa ≥ 0.85, as calculated in BORIS, for all observer 
comparisons).

Behavioral Bout Analysis

We analyzed data to determine bout characteristics 
for solid feed intake time, grooming, and pen-directed 
sucking. The bout analysis was performed for data 
pooled by treatment (across all days), according to 
methods described previously (Horvath and Miller-
Cushon, 2019). Grooming behavior data from calves on 
the control treatment only were previously included in 
calculations performed by Horvath and Miller-Cushon 
(2019) to validate and describe methods for calculat-
ing grooming bout criteria. Briefly, we took the log10 
frequency distribution of the interval lengths between 
durations of time that each individual was perform-
ing each behavior (combined feeding time, hay feed-
ing time, starter feeding time, pen-directed sucking, 
self-grooming, and allogrooming), over each day of 
observation. Bout criteria were calculated by fitting a 
mixture of normal distributions to the distributions of 
log10-transformed intervals using the method of exact 
maximum likelihood (using the R package mixdist; 
Macdonald and Du, 2018). A mixture of 2 normal dis-
tributions was fit to the data. These 2 distributions 
were interpreted as frequency distributions of pauses 
within bouts and between bouts. Based on conditional 
probabilities generated within the mixdist package, the 

bout criterion was determined as the point at which 
the distribution curve corresponding to the shorter in-
tervals intersected the distribution curve corresponding 
to the longer intervals. Three normal distributions pro-
vided the best fit for modeling self-grooming data, and 
bout characteristics were determined based on the bout 
criterion corresponding to the intersection between the 
first and second distribution curve. The bout criteria 
for all feeding time (combined starter and hay feeding 
time for STH calves, and starter only for ST calves) 
was determined as 158.5 s for both treatments. For 
STH calves, bout criteria were determined as 63.1 s for 
starter feeding time and 39.8 s for hay feeding. Bout 
criteria for other behaviors were determined as 125.9 s 
for allogrooming, 63.1 s for pen-directed sucking, and 
50.1 s for self-grooming bouts.

Bout characteristics were calculated based on bout 
criteria as day-level bout frequency (counted as the 
number of intervals between periods of observed behav-
ior that exceeded the criterion), total daily bout time 
(sum of duration performing the behavior and intervals 
shorter than the bout criterion), and bout duration 
(bout time divided by bout frequency).

Statistical Analysis

Data were screened for normality before analysis us-
ing the PROC UNIVARIATE of SAS (version 9.4; SAS 
Institute Inc.). All data collected daily (total DMI, hay 
DMI, and starter DMI) were summarized by pen and 
week during the milk-feeding stage (wk 2 through wk 
6) and by day during the 10-d weaning period. All data 
collected weekly (growth and ADG) were summarized 
by pen and week during the milk-feeding stage and only 
by pen during weaning, because measures were only 
collected once during this period. Once summarized, 
these data (pen-level DMI, ADG, and growth measure-
ments) were analyzed separately by stage (pre-weaning 
or weaning) using the MIXED procedure of SAS, with 
week or day, as described above, included for a repeated 
measures data. The model included the fixed effects of 
treatment, time (week or day), and treatment × time 
interaction, with the pen as the subject. For analysis 
of ADG, average pen-level birthweight was included in 
the model as a covariate. The variance-covariance ma-
trix structure (autoregressive or Toeplitz) was selected 
for each measure based on the best fit according to 
Schwarz’s Bayesian information criterion.

Behavioral data (including total duration, bout fre-
quency, and bout duration of feeding patterns, pen-
directed sucking, self-grooming, and allogrooming, and 
duration of social lying) were summarized by pen and 
observation week (wk 4, 6, or 7) and analyzed in a 
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general linear mixed model using the MIXED proce-
dure of SAS, with week as a repeated measure. The 
model included the fixed effect of treatment, week, and 
treatment × week interaction and the random effect of 
pen. We selected the autoregressive variance-covariance 
matrix structure for the weekly behavioral data.

Diurnal patterns of feeding (total feeding time, hay 
feeding time, and starter feeding time) were calculated 
as hourly totals of feeding behavior and were sum-
marized and analyzed separately by week. Effects of 
treatment on diurnal feeding patterns (time spent con-
suming starter and total time spent consuming feed) 
were analyzed in a model similar to the one described 
above, with hour as a repeated measure and compound 
symmetry selected as the best fit variance-covariance 
matrix structure. For pens provided hay, diurnal pat-
terns of hay and starter feeding time were compared in 
a model including the fixed effects of feed type, hour, 
and hour × feed type interaction.

All values reported are least squares means. Sig-
nificance was declared at P < 0.05, and trends were 
reported if 0.05 ≤ P ≤ 0.10.

RESULTS

Milk intake (7.24 vs. 7.37 L/calf per day, ST vs. STH 
pens; SE = 0.22; P = 0.68) and the frequency of re-
warded visits (6.50 vs. 6.28 visits/calf per day, ST vs. 
STH; SE = 1.00; P = 0.88) and unrewarded visits (4.59 
vs. 6.34 visits/calf per day, ST vs. STH; SE = 1.22; P 
= 0.35) were similar between treatments during the 
pre-weaning stage. During weaning, milk intake (4.76 
vs. 4.73 L/calf per day, ST vs. STH; SE = 0.54; P = 

0.96) and the frequency of rewarded visits (4.35 vs. 
3.20 visits/calf per day, ST vs. STH; SE = 0.96; P = 
0.42) were similar between treatments, but ST pens 
tended to have more unrewarded visits to the auto-
mated milk feeder (21.1 vs. 12.5 visits/calf per day, ST 
vs. STH pens; SE = 3.59; P = 0.05). As determined 
from video observation in wk 4, 6, and 7, the number 
of displacements from the milk feeder (0.44 vs. 0.73 
displacements/calf per 12 h, ST vs. STH; SE = 0.15; 
P = 0.23) and time spent waiting to access the feeder 
(144.24 vs. 183.34 s per 12 h, ST vs. STH; SE = 37.78; 
P = 0.49) were similar between treatments and over 
time (P > 0.60).

Pens offered hay consumed it at an average rate of 
15% of total DMI during the pre-weaning period (Table 
2) and increased intake over time (Figure 1a). Provision 
of hay influenced total feed intake during the pre-wean-
ing stage (Table 2): starter DMI was similar between 
treatments, but total DMI was subject to a treatment 
× week interaction, with calves in pens provided hay 
tending to increase their total intake to a greater extent 
over time (intake in wk 6: 0.79 vs. 0.55 kg/calf per 
day, STH vs. ST pens; SE = 0.19; P = 0.05; Figure 
1b). Total feed intake did not differ between treatments 
during weaning. Weight gain and growth were similar 
through the pre-weaning stage, but STH pens tended 
to have greater ADG during weaning (Table 2).

When considering the total time spent feeding (com-
bined hay and starter feeding time for STH pens), 
provision of hay resulted in more time spent feeding 
and more frequent, longer meals (Table 3), despite the 
same meal criteria applied to both treatments. Meal 
frequency and duration increased over time, across 

Table 2. Feed intake, ADG, and growth of calves provided starter without (ST; n = 4 pens) or with access to 
hay (STH; n = 4 pens) during pre-weaning (wk 3–6) and weaning (10-d milk stepdown)1

Item

Treatment (T)

SE

P-value

ST STH T Wk T × wk

Pre-weaning2            
  Total DMI (kg/d) 0.55 0.79 0.19 0.41 <0.01 0.04
  Starter DMI (kg/d) 0.55 0.68 0.17 0.59 <0.01 0.12
  Hay DMI (kg/d) — 0.12 0.03 — <0.01 —
  ADG (kg/d) 0.84 0.77 0.04 0.29 0.17 0.87
  Withers height (m) 0.88 0.87 0.007 0.35 0.004 0.42
  Chest circumference (m) 0.89 0.88 0.01 0.63 0.001 0.39
Weaning            
  Total DMI (kg/d) 3.03 3.35 0.31 0.49 — —
  Starter DMI (kg/d) 3.03 3.15 0.29 0.78 — —
  Hay DMI (kg/d) — 0.29 0.01 — — —
  ADG (kg/d) 0.57 0.72 0.06 0.097 — —
  Height (m) 0.88 0.87 0.007 0.32 — —
  Chest circumference (m) 0.95 0.96 0.01 0.58 — —
1All data are summarized and analyzed at the pen level.
2Data are averaged by week.
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treatments. Provision of forage did not influence total 
time spent consuming starter but did influence starter 
meal patterning: starter meal time and meal duration 
tended to evolve differently between treatments over 
time, with meal duration for ST pens increasing to a 
greater extent over time compared with STH. Overall, 
calves in ST pens consumed their starter in less fre-
quent, longer meals than did the calves in STH pens. 
Whereas starter meal frequency and duration increased 

over time across treatments, hay feeding patterns were 
more static across weeks, despite increasing intake (Fig-
ure 1a). Time spent consuming hay tended to change 
between weeks, decreasing in wk 6 relative to the other 
weeks (Table 3). Hay meal frequency and meal time 
increased during weaning, whereas meal duration was 
relatively similar between weeks (Table 3).

Provision of hay influenced diurnal feeding patterns. 
In wk 4, diurnal patterns of time spent consuming 

Figure 1. (a) Hay and starter DMI for test group (STH, provided combined starter and hay) calves only. (b) Total DMI for both control 
group (ST, provided starter only) and STH calves during the pre-weaning period. Data are summarized and analyzed at the pen level (n = 4 
pens per treatment) and averaged across each week. Error bars represent SE. Asterisks (*) indicate significant difference (P < 0.05).

Table 3. Description of feeding and bout characteristics of calves on different treatments (T): provided starter with hay (STH; n = 4 pens) or 
starter only, with no additional feed (ST; n = 4 pens), recorded continuously over a 12-h observation period (0600 to 1800 h) on 2 consecutive 
days in wk 4, 6, and 7 of life1

Behavior

Treatment

SE

P-valueST

 

STH

Wk 4 Wk 6 Wk 7 Wk 4 Wk 6 Wk 7 T Wk T × Wk

Total feeding                    
  Feeding time (min) 4.68 7.50 27.58 27.27 20.45 43.46 5.87 0.004 <0.001 0.51
  Meal frequency (no.) 5.94 7.44 17.69 13.63 15.56 20.63 2.12 0.02 <0.001 0.34
  Meal duration (min/meal) 1.37 1.95 3.52 3.27 3.43 4.87 0.49 0.03 <0.001 0.74
  Meal time (min) 8.23 14.96 61.17 46.18 50.17 97.16 9.11 0.01 <0.001 0.98
Starter feeding                    
  Feeding time (min) 4.68 7.50 27.58 11.61 12.02 27.69 4.60 0.28 <0.001 0.63
  Meal frequency (no.) 5.94 7.44 17.69 12.88 18.31 27.31 2.54 0.02 <0.001 0.58
  Meal duration (min/meal) 1.37 1.95 3.52 1.07 1.01 1.61 0.37 0.02 0.001 0.07
  Meal time (min) 8.23 14.96 61.17a 14.26 18.13 41.79b 5.72 0.59 <0.001 0.05
Hay feeding                    
  Feeding time (min) — — — 15.55 8.94 15.77 2.73 — 0.10 —
  Meal frequency (no.) — — — 15.20a 16.65a 26.25b 3.07 — 0.02 —
  Meal duration (min/bout) — — — 1.17 0.88 0.88 0.11 — 0.12 —
  Meal time (min) — — — 18.72ab 13.09a 24.13b 3.75 — 0.05 —
a,bSuperscript letters denote a significant within-week treatment effect.
1All data are summarized and analyzed at the pen level.
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starter only did not differ between treatments (no 
treatment × hour, P = 0.33). Increased feeding time for 
STH pens in wk 4 was reflected in diurnal patterns of 
total time spent feeding (treatment × hour interaction, 
P = 0.07), with increased time spent feeding around 
fresh feed delivery (0700 h; treatment × hour, P = 
0.004). In wk 6, the diurnal pattern of starter feeding 
time was subject to a treatment × hour interaction (P 
= 0.02), with calves in STH pens spending more time 
feeding at delivery of fresh feed (0700 h; P = 0.0001) 
and when farm staff was present (for feed top-up and 
pen cleaning, 1300 h, P = 0.05; Figure 2a). The diurnal 
patterns of total feeding time mirrored differences in 
starter feeding time (P = 0.003), with STH pens hav-
ing the same greater peaks in time spent consuming 
all feed (0700 h, P < 0.0001; 1300 h, P = 0.02; Figure 

2b). During wk 7, diurnal patterns of starter intake 
were subject to a treatment × hour interaction (P = 
0.006), with ST pens having a greater peak in feeding 
time at delivery (0700 h, P = 0.003; Figure 2c). During 
weaning (wk 7), there was a tendency for a treatment × 
hour interaction (P = 0.096), with pens having similar 
total feeding time at fresh feed delivery, but calves in 
STH pens spent more time feeding throughout the rest 
of the day (Figure 2d).

Diurnal patterns of time calves in STH pens spent 
eating hay compared with starter differed in wk 7 (feed 
type × hour interaction, P = 0.04), with calves in these 
pens spending more time eating hay at time of fresh 
feed delivery (0700 to 0800 h), whereas time spent eat-
ing starter was relatively stable across the day (Figure 
3). Diurnal feeding activity tended to differ in wk 4 

Figure 2. Diurnal feeding patterns of calves offered starter only (ST; n = 4 pens) and calves offered both starter and hay (STH; n = 4 pens) 
for (a) total starter feeding time in wk 6 (pre-weaning), (b) total feeding time (including both hay and starter feeding time for STH pens) in 
wk 6 (pre-weaning), (c) total starter feeding time in wk 7 (weaning), and (d) total feeding time (including both hay and starter feeding time 
for STH pens) in wk 7 (weaning). Fresh feed was delivered at 0700 h, and pens were cleaned and feed levels were checked at 1300 h. All data 
are summarized and analyzed at the pen level. Asterisks (*) indicate significant difference by time point (P < 0.05). Error bars indicate SEM 
at each time point.
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(feed type × hour interaction, P = 0.07) with calves 
spending more time consuming hay at time of delivery. 
Diurnal patterns of hay and starter feeding time were 
similar in wk 6, but calves spent more time consuming 
hay than starter during this time (P = 0.03).

Hay provision reduced the amount of time calves 
spent performing pen-directed non-nutritive oral be-
haviors, with calves in ST pens increasing the amount 

of time they spent sucking on pen fixtures over time 
relative to STH (Table 4). Frequency of pen-directed 
sucking bouts increased across weeks, with no effect 
of treatment, but the duration of those bouts was 
greater for calves in ST pens and tended to increase to 
a greater extent over time. The amount of time spent 
cross-sucking was similar between treatments (77.04 vs. 
90.89 s/calf per 12 h, ST vs. STH pens; SE = 37.74; P 
= 0.80) and evolved similarly over time (treatment × 
week, P = 0.41).

Time spent self-grooming evolved differently between 
treatments, with calves in STH pens increasing and 
calves in ST pens decreasing the amount of time spent 
self-grooming during weaning (Table 4). Self-grooming 
bout frequency and duration was similar across weeks 
(Table 4). Allogrooming and social lying behaviors were 
similar between treatments (Table 4).

DISCUSSION

In this study, we investigated effects of hay provision 
on behavior and performance of group-housed dairy 
calves. Forage provision has been well studied in indi-
vidually housed calves, with performance benefits vary-
ing depending on forage variety. In general, providing 
limited access to forage, either by providing less-palat-
able forages or by restricting dietary inclusion rate, has 
been considered optimal to allow for beneficial effects 
of hay provision without increasing gut fill or reducing 
starter intake (Castells et al., 2013), which could delay 

Figure 3. Time (in seconds) spent consuming starter vs. hay by 
hour for test group STH calves (n = 4 pens; STH = group that was 
offered both starter and hay) during weaning during wk 7 (weaning). 
Fresh feed was delivered at 0700 h, and pens were cleaned and feed 
levels were checked at 1300 h. Data are summarized and analyzed at 
the pen level. Asterisks (*) indicate significant difference by time point 
(P < 0.05). Error bars indicate SEM at each time point.

Table 4. Description of self-grooming and allogrooming behavior and bout characteristics of calves on different treatments (T): provided starter 
with hay (STH; n = 4 pens) or starter only, with no additional feed (ST; n = 4 pens), recorded continuously over a 12-h observation period 
(0600 to 1800 h) on 2 consecutive days in wk 4, 6, and 7 of life1

Behavior

Treatment

SE

P-valueST

 

STH

Wk 4 Wk 6 Wk 7 Wk 4 Wk 6 Wk 7 T Wk T × Wk

Pen-directed sucking                    
  Time (min) 7.24 16.46 34.11a 7.68 8.33 11.34b 3.74 0.05 0.002 0.01
  Bout frequency (no.) 11.06 18.31 27.25 11.44 14.5 17.44 4.14 0.36 0.02 0.34
  Bout duration (min/bout) 0.99 1.20 1.80a 0.78 0.76 0.84b 0.15 0.002 0.03 0.06
  Bout time (min) 9.74 20.84 45.70a 9.89 11.47 16.02b 7.77 0.05 0.009 0.06
Self-grooming                    
  Time (min) 17.71 14.47 10.68a 14.35 11.66 18.77b 2.14 0.78 0.24 0.02
  Bout frequency (no.) 45.44 37.56 36.25 41.50 33.31 51.63 4.47 0.43 0.19 0.11
  Bout duration (s) 40.34 35.73 27.11 32.03 31.06 31.73 4.02 0.47 0.38 0.35
  Bout time (min/bout) 30.34 22.17 15.58a 23.12 17.82 28.84b 3.35 0.86 0.12 0.02
Allogrooming                    
  Time (s) 138.99 191.55 204.0 230.80 153.54 276.17 77.89 0.65 0.46 0.37
  Bout frequency (no.) 3.50 4.06 4.50 4.31 4.00 4.25 1.09 0.85 0.91 0.88
  Bout duration (s/bout) 53.77 63.07 54.55 69.51 51.29 95.39 19.18 0.50 0.49 0.25
  Bout time (s) 191.47 296.04 254.39 326.37 212.73 363.03 98.01 0.64 0.73 0.32
Social lying (h) 5.28 5.85 4.56 5.60 6.51 5.06 0.59 0.43 0.08 0.90
a,bSuperscript letters denote a significant within-week treatment effect.
1All data are summarized and analyzed at the pen level.
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rumen development. In the present study, we selected a 
low-quality hay, aiming to provide the sensory experi-
ence of ingesting hay but limit total hay intake during 
the pre-weaning period. Similar to previous studies con-
ducted with individually housed calves provided low-
quality hay or straw (Khan et al., 2011; Castells et al., 
2012; Montoro et al., 2013), we found that providing 
hay to calves did not affect starter intake and therefore 
resulted in greater total DMI during the pre-weaning 
stage, particularly during the week before weaning. In-
terestingly, however, calves in our study selected forage 
at a higher inclusion rate (15%) than is often observed 
or recommended (e.g., <10%; Castells et al., 2012, 
2013), and a recent meta-analysis has also suggested 
that high levels of forage (>10% dietary inclusion) are 
associated with increased starter intake (Imani et al., 
2017), suggesting that further evaluation of optimal 
dietary inclusion of forage may be needed. Aside from 
effects of forage type, we speculate that the amount of 
hay selected may depend on milk feeding level; whereas 
most research in this area has been conducted with 
calves provided restricted milk allowances (e.g., 10% 
of birth weight or 4 to 5 L/d; Coverdale et al., 2004; 
Castells et al., 2012, 2013), Khan et al. (2011) provided 
milk at the same feeding level as the present study (8 
L/d) and reported similar levels of hay intake. Similar 
to the present results, Khan et al. (2011) also reported 
no effects of hay provision on weight gain during the 
pre-weaning period or on calf body measurements but 
did note a tendency for increased ADG during weaning.

In previous work, hay provision also increased to-
tal feeding time (Horvath and Miller-Cushon, 2017), 
similar to the present study. We found that access to 
hay influenced the pattern of starter feeding behavior, 
resulting in more frequent, shorter starter meals. This 
effect may be due to calves with access to hay switching 
between eating starter and hay. Hay was provided ad-
jacent to starter, and anecdotal observation suggested 
that calves would switch from one to another at feeding 
times. In general, patterns of smaller, more frequent 
meals may be beneficial for the rumen environment, 
as work in adult cattle indicates that the decline in 
ruminal pH following feeding is proportional to meal 
size (Allen, 1997), and feeding behavior characterized 
by larger, infrequent meals may increase the risk of 
subacute ruminal acidosis (Krause and Oetzel, 2006). 
Further, increased feeding time is associated with se-
cretion of saliva, which acts as a buffer in the rumen 
(Beauchemin et al., 2008). In young calves, the rela-
tionship between solid feed meal patterns and rumen 
environment has not been well explored. However, some 
evidence does suggest that meal patterns acquired in 
early life may persist (Miller-Cushon and DeVries, 

2015), such that encouraging a developing pattern of 
frequent, small meals may be beneficial. Introducing 
forage early in the pre-weaning stage, as opposed to 
closer to weaning, has also been found to enhance 
positive effects associated with forage intake, increas-
ing time spent consuming starter as well as rumination 
time (Hosseini et al., 2016).

Provision of hay also influenced diurnal patterns of 
solid feed intake, with differences primarily seen during 
the hour after feed delivery, when calves provided hay 
spent relatively more time consuming starter before 
weaning but less time consuming starter during the 
week of weaning, compared with calves not provided 
hay. Similar peaks in feeding time at fresh feed delivery 
have been reported previously in calves (Miller-Cushon 
et al., 2013b) and lactating cows (DeVries et al., 2003). 
We also found that calves provided hay spent more 
time consuming hay than starter, similar to previous 
findings (Hepola et al., 2006). These differences in feed-
ing time were primarily due to a much greater peak in 
hay feeding time than starter feeding time at the time 
of fresh feed delivery, whereas starter feeding time was 
relatively stable over the day. Our observed diurnal pat-
terns of hay and starter feeding time are similar to re-
sults in weaned calves reported by Miller-Cushon et al. 
(2013b) as well as findings in goats (Senn et al., 1990). 
Senn et al. (1990) describe differences between hay and 
concentrate in correlations of meal size with post-meal 
interval among goats, suggesting that concentrate in-
take was primarily regulated by satiety signals, whereas 
hay intake was stimulated by external stimuli (such as 
feed delivery). This suggests that the motivational sys-
tem for hay and starter feeding behavior may be quite 
different, with hay intake possibly motivated similarly 
to oral behaviors such as pen-directed sucking, which 
could explain other behavioral benefits of providing ac-
cess to hay that we noted in this study.

Interestingly, we found that calves provided hay 
had fewer unrewarded visits to the milk feeder dur-
ing weaning. Unrewarded visits have been considered 
an indicator of hunger in dairy calves on automated 
milk feeders, with restricted-fed calves having more 
frequent unrewarded visits than those provided higher 
milk allowances (de Paula Vieira et al., 2008; Borderas 
et al., 2009). In the present study, calves not provided 
hay had almost twice as many unrewarded visits to the 
automated milk feeder during weaning. Although milk 
and solid feed intake did not differ between treatments 
during weaning, hay intake can increase gut fill (Jahn 
et al., 1970), possibly increasing satiety and explain-
ing less frequent unrewarded visits to the milk feeder. 
We also observed a tendency for increased ADG during 
weaning, which may be a result of increased solid feed 
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intake during the pre-weaning period, suggesting that 
calves provided hay experienced a smoother weaning 
transition. It is also possible that unrewarded visits to 
the milk feeder may be driven by exploration or bore-
dom, with calves less likely to visit the autofeeder when 
they are spending more time consuming hay. Overall, 
these results suggest positive effects of hay on perfor-
mance and welfare during the critical weaning transi-
tion.

Similarly to previous studies of individually housed 
calves (Haley et al., 1998; Horvath and Miller-Cushon, 
2017), hay provision decreased the amount of pen-
directed sucking in group-housed calves. Additionally, 
the increase in pen-directed sucking performed by the 
calves provided starter only was greatest during wean-
ing, which could indicate increased frustration during 
this period (Margerison et al., 2003), whereas calves 
provided hay may have redirected this behavior to 
consuming hay. Although social companions decrease 
the amount of time spent performing non-nutritive oral 
behaviors, they also provide opportunity to perform 
cross-sucking (Pempek et al., 2016). We observed that 
the duration of cross-sucking occurred similarly to 
some previous studies; for example, 0.13 min/h were 
spent cross-sucking in the present study, compared with 
0.19 min/h in group-housed calves (Hepola et al., 2006) 
and 0.16 min per 30-min observation directed at the 
head and neck only in socially housed calves (Jensen 
and Budde, 2006). Contrary to our hypothesis, we did 
not see an effect of hay provision on cross-sucking, pos-
sibly due to the limited amount of time devoted to this 
behavior across treatments.

Self-grooming is an important maintenance behavior 
and is subject to physiological and environmental fac-
tors. Sickness and disease have been shown to decrease 
self-grooming in calves (Borderas et al., 2008; Hixson 
et al., 2018), and certain bedding materials increase 
self-grooming (Panivivat et al., 2004). Previous studies 
have found that pre-weaned group-housed calves spend 
35 min/11 h (Hepola et al., 2006) and individually 
housed calves spend 20 min/8 h observation period self-
grooming (Horvath and Miller-Cushon, 2017), which is 
greater than the amount of time we observed calves 
performing self-grooming (<18 min/12 h for both treat-
ments). In our study, we found that calves provided 
hay spent more time self-grooming during weaning, 
which, in combination with the increased feeding time 
and decreased number of unrewarded visits to the auto-
mated feeder, suggests that these calves were devoting 
more of their time to maintenance behaviors instead of 
behaviors in calves not provided hay that might have 
been reflective of hunger or boredom. Phillips (2004) 

also found that offering fresh-cut grass to bucket-fed 
calves increased self-grooming in group-housed calves 
but did not see the same effect in individually housed 
calves. Potential welfare implications of changes in self-
grooming behavior are not currently well understood, 
and further study of the development of self-grooming 
behavior in relation to different management changes 
may shed more light on the importance of this behavior.

Despite effects of hay provision on self-grooming, 
we found no effect on social behaviors, including al-
logrooming and social lying, in this study. Allogroom-
ing is used to establish and maintain relationships in a 
group (Færevik et al., 2007), and we have previously 
observed an increase in allogrooming in dairy calves 
upon introduction to a new social group (Horvath 
and Miller-Cushon, 2018). Although allogrooming was 
observed for relatively short durations, time spent 
performing this behavior during our study resembled 
patterns observed among adult cows (Val-Laillat et al., 
2009). Calves in both treatments spent almost half of 
the 12-h observation period lying next to another calf, 
which may also help establish social groups, because 
young calves will routinely lie next to each other when 
not maternally separated (Sato et al., 1987).

CONCLUSIONS

Overall, we found positive behavioral and perfor-
mance effects of hay provision for group-housed calves, 
particularly approaching and during the weaning 
transition. Provision of hay increased solid feed intake 
and overall meal frequency and reduced pen-directed 
sucking and unrewarded visits to the milk feeder dur-
ing weaning. Calves provided hay also spent more time 
self-grooming. These results suggest that providing hay 
may improve calf welfare, and we encourage further 
work to evaluate longer-term effects of hay provision on 
calf behavioral development.
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