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Abstract 
In dairy goat kids, weaning is often associated with poor growth leading to a decline in welfare and performance; however, little is known about 
optimal weaning practices. This study aimed to determine the optimal weaning age for dairy goat kids to maximize outcome measures of 
welfare related to growth, feed intake, and behavior. Thirty-six newborn female Alpine kids were blocked by weight and birth date, paired with 
a similar male companion and randomly allocated to one of the three weaning age treatments: 6 (6W), 8 (8W), and 10 wk (10W). Kids had ad 
libitum access to acidified milk replacer refilled twice daily, concentrates, hay, and water. Milk consumption was measured daily, and concentrate 
consumption, weekly. Ten behaviors were live observed on days −8, −4, 0, 6, and 12 relative to weaning (i.e., weaning day = 0). Kruskal–Wallis 
tests were used to assess differences from baseline between the 6W, 8W, and 10W treatments. Post hoc analysis using the Dwass, Steel, 
Critchlow-Fligner (DSCF) multiple comparison analysis was used to evaluate pairwise treatment differences based on two-sample Wilcoxon 
comparisons. Kids weaned at 10 wk had the greatest increase compared to baseline in concentrate consumption (P = 0.0160), and greatest 
decrease compared to baseline in vocalization (P = 0.0008) while both 8- and 10- wk kid’s groups had the greatest increase compared to baseline 
in self-grooming time (P < 0.0001), and cross-sucking time (P = 0.0006). Kids weaned at 6 wk of age were found to have the smallest increase 
compared to baseline in concentrate consumption (P = 0.0160) and self-grooming time (P < 0.0001), and the greatest increase compared to 
baseline in allogrooming time (P = 0.0032) and in redirected behaviors aimed towards the environment (biting and licking time [P = 0.0173]; 
displacement at the nipple frequency [P = 0.0236]). No negative impact of weaning on growth of either group was identified. Overall, our results 
tend towards a higher degree of discomfort behaviors (allogrooming, biting/licking, displacement, and vocalizations) in kids weaned earlier com-
pared to later weaning, while kids weaned later showed higher levels of positive behaviors (lying time and self-grooming).

Lay Summary 
In dairy goat kids, there is limited literature available on weaning management practices, despite this period being one of the most stressful 
events for kids and being associated with measures of poor welfare. This study aimed to compare weaning of dairy goat kids at 6-, 8-, and 
10-wk of age to maximize outcome measures of welfare related to growth, feed intake, and behavior. Kids weaned at 10 wk of age had the 
greatest increase in concentrate consumption and decrease in vocalization. Both 8- and 10-wk kids had the greatest increase in self-grooming 
and cross-sucking. Kids weaned at 6-wk of age had the smallest increase in concentrate consumption, greatest decrease in self-grooming, and 
greatest increase in allogrooming and redirected behaviors aimed towards the environment. No negative impact of weaning on growth was 
identified. Our results showed a higher degree of discomfort behaviors in kids weaned earlier compared to later weaning at 8- or 10-wk. Despite 
similar levels of discomfort behaviors for kids weaned at later ages, vocalization difference was greatest for kids weaned at 8 wk of age. Kids 
weaned at later ages seem to cope better with the transition to solid feed compared to kids weaned at an early age.
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Introduction
The dairy goat industry has shown tremendous global growth 
within the past two decades, with the majority of intensive 
dairy goat production systems being present in Europe and 
North America (Miller and Lu, 2019). In these systems, pre-
venting negative effects on the growth and health of dairy 
goat kids during the weaning period is essential for optimizing 
future herd productivity (Gökdal et al., 2017). The weaning 

period occurs as the kid loses access to milk and transitions to 
solid feed, a process that requires rapid changes in endocrine 
and metabolic function that often coincides with heightened 
stress responses and reduced welfare (Magistrelli et al., 2010).

Current management practice guidelines are to wean kids 
at 6 to 8 wk of age using a progressive weaning method, 
by reducing milk access over a 5- to 7-d period (Bélanger-
Naud and Vasseur, 2021b). Unfortunately, limited scientific 
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research has been performed on dairy goat kids to refine and 
validate these practices (Bélanger-Naud and Vasseur, 2021b). 
The negative effects associated with stress during the wean-
ing period may be minimized by adhering to weaning proto-
cols that are supported by scientific literature. Early weaning 
(5 wk of age) has been associated with lower weight gains 
and higher mortality rates postweaning in male kids from 
dual utility breeds (milk and meat) weaned at 8 wk (Luparia 
et al., 2009) while Panzuti et al. did not report an effect 
of early weaning on growth or milk yield in Alpine goats. 
Male and female kids of Sirohi, Kutchi, and Marwari breeds 
weaned by 8 wk of age showed no long-term deficits in 
growth compared to kids weaned late at 12 wk of age (Nag-
pal et al., 1995). In addition, a study that compared growth 
parameters, behavioral traits, and variables of lying time 
between goat kids weaned at 6 and 8 wk found no differ-
ences between the two groups, and favored that kids weaned 
at 6 wk had more experience with roughage consumption 
by 8 wk due to earlier exposure (Ugur et al., 2004).

While there is support to indicate that weaning at 8 wk 
of age (industry practice; Bélanger-Naud et al., 2021a) may 
have no negative impact on weight gain or mortality, other 
indicators of welfare (e.g., incidence of abnormal behav-
ior, lying time) still require investigation. It is also unclear 
whether weaning at earlier age than 8 wk is optimal. Further-
more, weaning at 10 wk of age could represent a compromise 
between early (6 wk) and late (12 wk) weaning ages. Our 
rational was to expand the knowledge on dairy goat weaning 
practices in the existing literature supporting current on-farm 
weaning practices. The objective of the current study was to 
determine the optimal weaning age for dairy goat kids by 
comparing weaning at 6-, 8-, and 10-wk of age in animal out-
come measures related to growth, feed intake, and behavior 
around the weaning period.

Materials and Methods
Ethics statement
This experiment was conducted at the Centre de Recherche 
en Sciences Animales de Deschambault (CRSAD) between 

March and June 2019. The use of animals and all procedures 
were approved by the Animal Care Committee of CRSAD 
(#1819CL362).

Study design
Thirty-six purebred Alpine female kids, born between March 
4 and April 4, 2019, were enrolled in this study. Kids were 
blocked into 12 groups of three females, based on their birth 
date and birth weight (mean ± SD; 4.34 ± 0.33 kg). Each 
block was completed within 4 to 6 d after birth (5.08 ± 1.08 
d), each female within a block was randomly assigned to 
one of the three weaning treatments: weaning at 6 wk of age 
(6W), weaning at 8 wk of age (8W), and weaning at 10 wk of 
age (10W) and to 1 of the 36 pens (1.2 × 2.1 m). Each female 
within a pen was paired with a companion male of similar age 
(i.e., ≤ 2 d difference, except for one pen where the male was 7 
d younger; mean difference = 0.78 d) and weight (i.e., ≤ 1 kg 
difference; mean difference = 0.37 kg). The mean difference 
in the average birth weight per pen (one male and one female) 
was 0.15 kg. The start date of each pen was defined as the 
average birth date of the two kids (Figure 1).

Kid care and feeding
Kids were separated from their dams in the first few hours 
after birth, then weighed, identified, and injected with 
0.25 mL of a selenium (3 mg/mL) and vitamin E (136 IU/
mL) supplement (Selon-E, Vetoquinol, Lavaltrie, QC) to pre-
vent white muscle disease. Kids were fed artificial colostrum 
replacer (LambGro/KidGroTM Bovine Dried Colostrum, 
Grober Nutrition, ON) within 2 h after birth (mean ± SD; 
1.15 ± 0.57 h) and had a minimum of three meals in their 
first 24 h of life (932.78 ± 147.64 mL). Passive transfer of 
immunity was measured in the blood at 24 h of life using 
a refractometer (Palm Abbe Refractometer, Misco, Solon, 
OH; 5.71 ± 0.53 g/dL), and did not differ across treatments 
(P = 0.89; tested using the method of least squares to fit a 
general linear model). After the first 24 h, kids were fed ad 
libitum with milk replacer (CapriLait Milk Replacer, Grober 
Nutrition, ON) acidified with citric acid (Citric Acid Anhy-
drous, Weifang Ensign Industry Co., Ltd., China; 4.4 g per 

Figure 1. Timeline depicting the events of each weaning period across treatments 6- (6W), 8- (8W), and 10-wk (10W) over the course of the study 
period. Visual behavior measures and lying behaviors were obtained on all of the marked (*) days over the weaning period for the following events: 
day before the start of weaning (baseline; day −8), middle of the weaning process (day −4), weaning day (day 0), and occasions in the 2 wk following 
weaning (days 6 and 12). Body weights were obtained on all denoted (×) days over the weaning period for the following event: start of weaning process 
(day −7), day −3 relative to weaning day, day after weaning was completed (day 1), and 7 and 15 d postweaning.
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100 g of dry powder) and delivered twice daily (0900 and 
1600 hours) in a 9-L bucket outside their pen until the start 
of the weaning process. Two teats were present per pen to 
allow both kids to feed at the same time and prevent compe-
tition. Kids had access to fresh pelleted concentrates (Goliath 
VO-21 Deccox, La Coop Novago, Saint-Casimir, QC; 86.24 
DM; 19.80 CP; ADF 9.28; NDF 24.40; fat 3.89%; and ME 
2.35 Mcal/kg), chopped dry hay (83.16 DM, 10.95 CP, ADF 
33.10, NDF 55.25, fat 2.01%, and ME 1.26 Mcal/kg), and 
clean water at all times. Milk buckets were washed with an 
acid soap (AcidiShine, DeLaval, Peterborough, ON), every 
day, and tubes and nipples were washed every 2 d. Bedding 
(wood shavings) was changed as needed every 1 to 2 wk to 
keep kids in a clean and dry environment. Disbudding was 
performed by a veterinarian, between 6 and 10 d of age, 
and was done at the same age for both animals in the same 
pen. Weaning was performed progressively, by reducing the 
milk quantity by 12.5% each day for 7 d (based on common 
practices found on commercial Canadian dairy goat farms; 
Bélanger-Naud et al., 2021a). Weaning quantity was calcu-
lated from the average milk consumption of each pen in the 4 
d prior to the start of weaning. Kids had completed weaning 
by days 42 (6W), 56 (8W), and 70 (10W), on the 8th d of 
the weaning phase (days −7 to −1: weaning process, day 0: 
weaning completed).

Outcome measures
To monitor adequate conditions for development and per-
formance outcomes, kids’ feed intake, growth (body weight), 
health, and environmental conditions were monitored 
through the trial, but only the data around weaning will be 
reported. To evaluate behavioral outcomes around weaning, 
lying, grooming, redirected, and other behaviors were mea-
sured. A timeline of the outcome measures taken around 
weaning is presented in Figure 1. All outcome measures are 
detailed in the following sections.

Feed intake
Feed consumption measures were recorded and calculated 
electronically, using FileMaker Pro (version 16, Claris, Santa 
Clara, CA). Milk consumption was measured daily for each 
pen with a generic scale based on the difference in weight of 
milk offered and refused and averaged weekly. Consumption 
of concentrates was measured for each pen weekly based on 
the difference in weight of the quantity offered and refused.

Growth
Kids were weighed on a scale (ALU 36X48, Carga, Drum-
mondville, QC) that was calibrated before each use to ensure 
accurate measurements. Growth measures were assessed on 
days −7 (baseline), −3, 1 (day after weaning was completed), 
and days 7 and 15 postweaning (see timeline presented in 
Figure 1).

Health
Detailed health monitoring of kids has been conducted 
across the study and no kid was treated during the duration 
of the trial. As such, the data on health occurrences has not 
been reported or included in the analysis due to a lack of 
occurrence. Visual health measures were recorded weekly, 
according to an adapted version of respiratory disease scor-
ing system for preweaned dairy calves (Young, 2019) and a 
diarrhea scoring chart was established based on the study by 

Bath and van Wyk (2009), Love et al. (2014, 2016), and Aly 
et al. (2014) and revised by S. Buczinski (personal communi-
cation). The respiratory disease system assigned a score based 
on the presence of 6 clinical signs including cough (=2), eye 
discharge (=2), fever (=2), abnormal respiration (=2), nasal 
discharge (=4), and ear droop/head tilt (=5). A total score of 5 
or higher resulted in a classification of respiratory disease sys-
tem. The diarrhea scoring chart was based on a visual evalua-
tion of the kids rear-end cleanliness, with scores ranging from 
0 (i.e., clean) to 3 (i.e., severe liquid diarrhea extending below 
the hocks). No cases of respiratory disease or diarrhea neces-
sitating treatment were observed over the course of the study.

Environmental conditions
Bedding quantity and cleanliness in each pen were monitored 
daily to ensure good bedding conditions. Temperature and 
humidity were automatically recorded using three data log-
gers (HOBO MX2301A, Onset Computer Corp., Bourne, 
MA) placed in different locations around the building, at 
the height of the kids. Measures were recorded every 10 min 
for the duration of the study. Across the study, average tem-
perature was 18.57 ± 1.52 °C (range = 13.50 to 25.84 °C) 
and humidity was 55.82% ± 10.03% (range = 28.31% to 
93.65%).

Lying behavior
Accelerometers (HOBO pendant G data loggers; Onset Com-
puter Corp., Bourne, MA) were used to monitor lying time 
(see timeline in Figure 1). Data loggers were attached using 
veterinary bandaging (Vet-Rap, CoFlex, Andover Coated 
Products Inc., Salisbury, MA, USA) to one of the hind legs, 
above the metatarsophalangeal joint. Lying time, number 
of lying bouts, and lying bouts duration were continuously 
recorded for five periods of 24 h on days −8 (baseline), −4, 0, 
6, and 12 relative to weaning (i.e., weaning day = 0) at 1-min 
intervals (Hempstead et al., 2017). Data were downloaded 
using a Onset HOBOware Pro software (Onset Computer 
Corp., version 3.4.1) and electronically converted to hourly 
measures of lying time (UBC AWP, 2013) in SAS version 9.4 
(SAS Institute Inc., Cary, NC).

Grooming, redirected, and other behaviors
All behaviors were assessed using visual observation. An etho-
gram has been presented in Table 1 for the behaviors reported 
in the text and in Supplementary Table S1 for the behaviors 
not reported in the text to outline the specific behaviors 
observed, the method of observation, the type of measurement, 
a description, and adapted literature. The categories of behav-
iors observed were related to grooming, redirection, playing, 
feeding, standing/lying, and others. Behaviors were recorded 
before, during, and after the morning milk feeding (i.e., when 
fresh acidified milk was delivered). Observations were carried 
out on the day before the start of weaning (day −8; baseline), 
in the middle of the weaning process (day −4), on weaning day 
(day 0), and twice in the 2 wk following weaning (days 6 and 
12). The female kid in each pen was observed continuously for 
1 min, every 6 min, for a total of 12 nonconsecutive minutes; 
each pen was observed non-simultaneously, and the observer 
rotated between pens. Five nonconsecutive minutes of obser-
vation occurred prior to the morning milk feeding (i.e., fresh 
acidified milk delivery was done twice a day to ensure milk 
was available ad lib), two occurred during milk feeding, and 
five occurred after milk feeding. While social and redirected 

http://academic.oup.com/jas/article-lookup/doi/10.1093/jas/skad413#supplementary-data
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behaviors were observed continuously in this manner, feeding 
and lying behaviors had two scan observations per minute, at 
30 and 60 s. Observations for each pen were performed by a 
total of four trained observers with each observer in charge 
of a maximum of six pens per observation period. To help 
the kids distinguish between activities, white coveralls were 
worn by observers, while blue coveralls were worn by staff 
for feeding and all other interactions. Inter-observer repeat-
ability (Kw = 0.75) was evaluated at the beginning and end 
of the project using an average Cohen’s kappa coefficient for 
each behavior. Intra-observer repeatability was not assessed 
due to the limitations of live observation.

Statistical analysis
Across the three treatment groups, behavior and lying data as 
well as growth data were summarized at the kid level (female 

only) while consumption data were summarized at the pen 
level (averaged). Data for the outcome measures of behavior 
and lying behaviors were analyzed at the day level and com-
piled for days −8 (baseline), −4 (mid-weaning), 0 (weaning 
day), 6, and 12 (postweaning). Data for growth (females only) 
were analyzed at day level and compiled for days −7 (base-
line), −3 (relative to weaning day), 1 (day after weaning), 7, 
and 15 (postweaning). Data for feed intake were analyzed 
at the week level and compiled for weeks −1 (baseline), 0 
(weaning process), 1, and 2 (postweaning). Differences from 
baseline were calculated for the remaining occasions via sub-
straction. Analyses were conducted on the differences with 
baseline data and statistical tests chosen were non-parametric 
to accommodate for the nature of the data.

Kruskal–Wallis tests were performed for each variable of 
behavior, lying time, growth, and feed intake to determine 

Table 1. Ethogram of behavioral observation for dairy goat kids (n = 36), including the methods and unit of observation

Behaviors1 Observation 
method2

Unit(s)3 Description Adapted from

Grooming behaviors

 � Allogrooming Continuous Frequency and 
duration

The kid grooms or licks another kid. Includes rubbing head or body against 
another kid. A separate grooming event is considered to occur after a 
break of > 1 s.

Hempstead et 
al. (2017), 
Wormsbe-
cher et al. 
(2017)

 � Self-grooming Continuous Frequency and 
duration

The kid’s mouth comes in contact with any part of the body or legs 
(excluding biting on their HOBO). A separate self-grooming event is 
considered to occur after a pause of > 1 s and/or the kid is biting, or 
attempting to bite, objects on themselves (i.e., their own collar or HOBO 
on their leg). A separate biting event is considered to occur after a break 
of > 1 s and/or the kid tilts their head so the rear foot scratches (or 
attempts to scratch) any part of their head or neck. The rear fetlock must 
reach the shoulder. Head scratches separated by > 1 s are considered 
separate events and/or the kid’s head is tilted and comes in contact with 
any surface of the pen (e.g., wall, bar), while moving back and forth (last-
ing > 1 s). Head rubs separated by > 3 s are considered separate events.

Hempstead et 
al. (2017)

Redirected behaviors

 � Cross-sucking Continuous Frequency and 
duration

The kid’s nose and mouth are close to any part of the other kid’s body and 
the kid is performing sucking movements, not including licking. Includes 
sucking on ear, tail, or other parts of the other kid. Bout is recorded as 
finished when the kid stops and turns head away and/or the kid is biting, 
or attempting to bite, objects on their conspecific (i.e., other kid’s collar). 
A separate biting event is considered to occur after a break of > 1 s.

De Paula Vieira 
et al. (2008), 
Wormsbe-
cher et al. 
(2017)

 � Biting or licking Continuous Frequency and 
duration

The kid’s mouth comes in contact with any part of the pen (e.g., bars, buck-
ets, and tubes) and the kid opens its mouth to lick or bite, or attempt 
to lick or bite the object. A separate biting/licking event is considered to 
occur after a break of > 1 s.

—

 � Nipple sucking Continuous Frequency and 
duration

The kid is sucking or chewing on the milk nipple but is not drinking milk. —

 � Digging or 
pawing

Continuous Frequency The kid is digging down in the shavings, or pawing, with one of its forelegs. —

Other behaviors

 � Vocalization Continuous Frequency The kid vocalizes. Each vocalization is recorded as one separate event. De Paula Vieira 
et al. (2008)

 � Displacement at  
the nipple

Continuous Frequency The kid displaces another kid at the nipple, and the other kid leaves the 
feeder within 5 s of a contact.

De Paula Vieira 
et al. (2008), 
Wormsbe-
cher et al. 
(2017)

1Behaviors were observed over 12 nonconsecutive minutes per day of observation.
2Continuous observations were taken throughout the observation period.
3Frequency was observed continuously as the total number of events per observation period. Duration was recorded in seconds when a behavioral event 
lasted over 5 s. For events that lasted 5 s or less, the duration was assigned to be 2 s.
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whether significant differences existed overall (all days or 
weeks combined), by days or weeks between the 6W, 8W, and 
10W weaning treatments. The tests were performed using the 
differences from baseline for each variable. Post hoc analysis 
using the Dwass, Steel, Critchlow-Fligner (DSCF) multiple 
comparison analysis was used to evaluate pairwise treatment 
differences based on two-sample Wilcoxon comparisons 
(Dwass 1960; Steel 1960; Critchlow and Fligner 1991). Only 
treatment differences with a P-value of <0.05 were considered 
significant.

Results
Baseline (mean ± SD) data are presented in Table 2. Overall 
treatment differences, all days or weeks combined, for the 
outcome measures of behavior, growth, and feed intake are 
presented in Table 3. Treatment differences are presented 
by week for feed intake, and by day for weight variables 
(Figure 2) and behavior variables (Table 4).

Feed intake and growth
The monitoring measures of feed intake were investigated 
to quantify ad lib consumption at the start and across the 
weaning process. Overall treatment differences were observed 
for milk and concentrate consumption across the three treat-
ment groups (Table 3; P < 0.05). Relative to baseline, the 

10W group had the greatest reduction in milk intake com-
pared to the 8W group, followed by the 6W group (P < 0.05). 
For concentrate consumption, the 10W group had the great-
est increase in concentrate consumption relative to baseline, 
compared to the 6W group (P < 0.05) but no difference in 
consumption difference was found between the 8W group 
and the 6W or 10W groups (P ˃ 0.05). Overall treatment dif-
ferences for the monitoring measure of growth are reported in 
Table 3. No treatment differences were found for the outcome 
measure of body weight relative to baseline (P ˃ 0.05).

The impact of the weaning on feed intake postweaning was 
documented and reported in Figure 2a. Differences in con-
centrate intake between treatment groups were observed in 
weeks 0 (weaning week), 1, and 2 independently across the 
three treatment groups (P < 0.05). In week 0 (weaning week), 
no difference was found in concentrate consumption rela-
tive to baseline (week −1) across the three treatment groups 
(P ˃ 0.05). However, in week 1, the 10W treatment had the 
greatest increase in concentrate consumption relative to base-
line (mean ± SD, 491.0 ± 136.59 g/d) compared to the 8W 
(273.6 ± 148.86 g/d) and 6W groups (188.2 ± 113.18 g/d) 
(P < 0.05; Figure 2a). In week 2, the increase in concentrate 
consumption relative to baseline remained different among 
the three treatments, with the 10W group again showing 
the greatest increase (728.3 ± 250.6 g/d), followed by the 
8W (524.0 ± 209.4 g/d) and 6W groups (439.4 ± 134.6 g/d), 

Table 2. Treatment groups baseline mean ± SD for feed intake, growth measure, and behavior variables.

Variables2 Baseline1 ± SD

6W 8W 10W

Feed intake

 � Milk consumption, mL 2,476.5 ± 216.09 2,628.8 ± 350.27 3,300.0 ± 391.26

 � Concentrate consumption, g 3.9 ± 3.00 11.0 ± 7.93 49.1 ± 79.32

Growth measure

 � Weight, kg 12.4 ± 0.94 15.6 ± 1.45 20.1 ± 2.42

Lying behaviors

 � Lying time, min 893.8 ± 62.41 849.5 ± 51.39 854.6 ± 76.00

 � Lying bouts, # 44.0 ± 9.93 44.8 ± 10.43 38.5 ± 12.60

 � Lying bouts duration, min 21.4 ± 5.91 19.9 ± 5.25 24.3 ± 9.56

Grooming behaviors

 � Allogrooming frequency 1.3 ± 1.82 1.7 ± 1.37 1.5 ± 2.32

 � Allogrooming time, s 3.8 ± 7.88 3.3 ± 2.74 3.7 ± 6.08

 � Self-grooming frequency 5.3 ± 5.77 3.3 ± 2.90 3.1 ± 2.68

 � Self-grooming time, s 20.6 ± 22.97 8.7 ± 9.96 7.3 ± 7.05

Redirected behaviors

 � Cross-sucking frequency 2.4 ± 2.02 0.8 ± 1.14 0.6 ± 0.90

 � Cross-sucking time, s 5.8 ± 5.36 1.5 ± 2.28 1.6 ± 2.47

 � Biting and licking frequency 10.8 ± 7.19 11.5 ± 8.50 7.7 ± 6.11

 � Biting and licking time, s 30.3 ± 21.57 39.3 ± 33.49 31.1 ± 27.81

 � Nipple sucking frequency 0.0 ± 0.00 0.0 ± 0.00 0.5 ± 1.17

 � Nipple sucking time, s 0.0 ± 0.00 0.0 ± 0.00 5.5 ± 17.81

 � Digging or pawing frequency 0.6 ± 1.73 0.1 ± 0.29 0.9 ± 1.78

 � Displacement at the nipple frequency 0.0 ± 0.00 1.1 ± 3.45 0.3 ± 0.89

Other behaviors

 � Vocalization frequency 2.5 ± 4.91 2.7 ± 3.42 4.7 ± 9.19

1Baseline relative to weaning (day 0 or week 0) = week −1 for feed intake, day −7 for growth measure, and day −8 for behavior variables.
2Feed intakes were averaged at the pen level, while growth and all behavior measures were averaged at the kid level (female only).
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respectively (P ≤ 0.05; Figure 2a). As for documenting the 
impact of weaning on growth around and postweaning, dif-
ferences in weight between treatment groups were reported in 
Figure 2b for days −3, 1, 7, and 15 relative to weaning (wean-
ing day = 0). There were no treatment differences for weight 
relative to baseline (P ˃ 0.05).

Lying behaviors
No treatment differences were found around weaning for the 
outcome measures of lying time and lying bouts duration (P ˃ 
0.05; Table 3). However, the 10W treatment had the smallest 
reduction in lying bouts duration relative to baseline com-
pared to the 8W (P < 0.05) while no differences between the 
6W treatment group and the 8W or 10W treatment groups 
were found (P ˃ 0.05; Table 3).

Grooming, redirected, and other behaviors
For the outcome measures of behavior, only behaviors in 
the grooming, redirected, and other categories are pre-
sented for overall and day analyses. Behavior categories not 
presented in text can be found in Supplementary Table S2; 
overall only.

Grooming behaviors
Overall treatment differences were observed for the vari-
ables of self-grooming and allogrooming across the three 
treatment groups (P < 0.05; Table 3). The 8W treatment 
group had the greatest increase in self-grooming time over 
the weaning period relative to baseline, followed by the 
10W group (P < 0.05). The 6W treatment was the only 
group to have a reduction in self-grooming time over the 
weaning period relative to baseline (P < 0.05). There were 
no treatment differences for self-grooming frequency (P 
˃ 0.05). Over the weaning period, the 6W group had the 
smallest reduction in allogrooming time and an increase 
in frequency compared to 8W group (P < 0.05) but no 
differences in allogrooming time or frequency were found 
between the 10W group and the 6W or 8W groups (P ˃ 
0.05). Treatment differences were also observed on day 
12 across the three treatment groups for the variable of 
self-grooming time (P < 0.05; Table 4). On day 12, the dif-
ference in self-grooming time from baseline for the 10W 
treatment was 20.4 s greater than the 6W treatment per 
12-min observation period (P < 0.05). While the 10W 
and 8W treatments had an increase in self-grooming time 

Table 3. Overall mean (days or weeks averages) differences relative to baseline ± SD for daily feed intake and behavior variables, across the 6W, 8W, 
and 10W treatment groups

Variable Mean difference from baseline ± SD P-value3

6W 8W 10W

Feed intake1

 � Daily milk consumption, mL −1,315.0 ± 228.52c −1,682.5 ± 212.86b −2,163.6 ± 324.45a  < 0.0001

 � Daily concentrate consumption, g 215.7 ± 201.11a 286.9 ± 240.87a,b 421.7 ± 334.03b 0.0160

Growth measure

 � Body weight, kg 1.2 ± 1.65 1.5 ± 1.56 1.5 ± 2.06 0.4119

Lying behaviors

 � Lying time, min −34.7 ± 71.70 −10.6 ± 80.94 −34.6 ± 89.46 0.5851

 � Lying bouts, # −11.6 ± 16.05a,b −12.7 ± 13.82b −6.0 ± 13.08a 0.0395

 � Lying bouts duration, min 9.2 ± 13.01  8.6 ± 8.92 4.1 ± 12.69 0.2270

Grooming behaviors2

 � Self-grooming frequency −2.9 ± 6.16 −0.9 ± 3.29 −0.6 ± 3.06 0.0787

 � Self-grooming time, s −14.9 ± 23.39a 1.2 ± 14.25b 0.7 ± 9.51b  < 0.0001

 � Allogrooming frequency 0.1 ± 2.81a  −1.4 ± 1.39b −1.0 ± 2.22a,b 0.0022

 � Allogrooming time, s −0.7 ± 10.20a −2.8 ± 2.79b −2.1 ± 5.91a,b 0.0032

Redirected behaviors2

 � Cross-sucking frequency −1.3 ± 2.44a −0.04 ± 1.78b 0.4 ± 1.20b 0.0001

 � Cross-sucking time, s −2.2 ± 8.64a 1.2 ± 8.81b 2.0 ± 6.60b 0.0006

 � Biting and licking frequency −2.9 ± 9.49a,b −6.3 ± 9.06b −1.5 ± 7.35a 0.0256

 � Biting and licking time, s 1.5 ± 40.14a,b −21.0 ± 34.03b −0.3 ± 39.53a 0.0173

 � Nipple sucking frequency 2.6 ± 3.61  2.0 ± 4.19 1.2 ± 3.65 0.0506

 � Nipple sucking time, s 11.9 ± 21.76  13.4 ± 44.05 11.1 ± 51.54 0.1651

 � Digging or pawing frequency −0.3 ± 1.72 −0.04 ± 0.36 −0.8 ± 1.75 0.1016

 � Displacement at the nipple frequency 0.2 ± 0.52a −0.9 ± 3.47a,b −0.3 ± 0.87b 0.0236

Other behaviors2

 � Vocalization frequency 7.2 ± 18.07a 4.3 ± 9.27a −1.3 ± 8.95b 0.0008

1Feed intake was measured daily for milk consumption (averaged weekly) and weekly for concentrate consumption based on the difference in weight of 
feed offered and refused in each pen.
2Behaviors were observed over 12 nonconsecutive minutes per day of observation.
3Evaluated using a Kruskal–Wallis test.
a,bValues in a row with different superscripts had significant differences between the treatment groups (P < 0.05; DSCF multiple comparison analysis).

http://academic.oup.com/jas/article-lookup/doi/10.1093/jas/skad413#supplementary-data
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relative to baseline on day 12, the 6W treatment had a 
decrease relative to baseline (P < 0.05) but no difference 
from baseline was found between 8W treatment and the 
6W or 10W treatment groups (P ˃ 0.05).

Redirected behaviors
Overall treatment differences were observed for the vari-
ables of cross-sucking, biting and licking, and displacement 
at the nipple across the three treatment groups (P < 0.05; 
Table 3). The 6W treatment group had the greatest reduc-
tion in cross-sucking frequency and time over the weaning 
period relative to baseline compared to the 8W and 10W 
groups (P < 0.05). As for biting and licking frequency and 
time, the 10W treatment group had the smallest reduction 
over the weaning period relative to baseline compared to 
the 8W group (P < 0.05) but no treatment differences were 
found between the 6W group and the 8W or 10W treatment 
groups (P ˃ 0.05). Relative to baseline, the 6W group had an 
increase in displacement at the nipple frequency compared to 
the 10W group (P < 0.05) but there were no differences found 
between the 8W group and the 6W or 10W treatment group 
(P ˃ 0.05). There were also no differences relative to baseline 
for both nipple sucking frequency and time and digging or 
pawing frequency (P ˃ 0.05). Treatment differences were also 

observed independently on day 12 across the three treatment 
groups for the variables of cross-sucking frequency and time 
(P < 0.05; Table 4).

On day 12, the 10W treatment group had the greatest 
increase in cross-sucking frequency and time relative to base-
line, followed by the 8W group (P < 0.05). The 6W treatment 
was the only group to have a reduction in cross-sucking fre-
quency and time over the weaning period relative to baseline 
(P < 0.05). The 6W treatment had 2.2 fewer occurrences of 
cross-sucking per 12-min observation period relative to base-
line than kids weaned at 8-wk, and 2.7 fewer occurrences 
than kids weaned at 10-wk. On day 12, the 6W treatment 
spent 5.3 s shorter engaging in cross-crossing per 12-min 
observation period relative to baseline than kids weaned at 
8 wk and 8.9 s shorter than kids weaned at 10 wk (P < 0.05). 
No other day differences from baseline were found for the 
behaviors in the redirected behavior category (P ˃ 0.05).

Other behaviors
Overall treatment differences were observed for the variable 
of vocalization (P < 0.05; Table 3). The 6W treatment had 
the greatest increase in vocalization frequency over the wean-
ing period relative to baseline, followed by the 8W group 
(P < 0.05). The 10W treatment was the only group to have 
an overall reduction in vocalization frequency over the wean-
ing period relative to baseline (P < 0.05). Treatment differ-
ences were also observed on day 0 across the three treatment 
groups for the variable of vocalization frequency (P < 0.05; 
Table 4). On day 0, the 6W treatment had 6.6 more vocal-
izations occurrence per 12-min observation period relative to 
baseline than kids weaned at 8 wk, and 11.8 more vocaliza-
tions occurrence than kids weaned at 10 wk.

Discussion
Feed intake and growth measures
Kids weaned at 10 wk were found to have the greatest reduc-
tion from baseline in milk consumption, which was expected 
given that the 10-wk kids had a higher preweaning milk allow-
ance than the 8-wk followed by the 6-wk kids. Regardless 
of treatment, all kids continued to drink all the milk offered 
until the final day of weaning, which seems to indicate that 
some kids might have continued to drink milk if given the 
choice and may not all have been ready to voluntarily wean 
themselves even at 10 wk of age. These results echo what was 
found in a study investigating voluntary weaning based on 
calves’ individual ability to and willingness to consume solid 
feed, where some calves continued to consume milk up to 
87 d (de Passillé and Rushen, 2016). However, practical and 
economical considerations play an important role in the pro-
ducer’s decisions in implementation of management practices, 
such that the choice of weaning age may not be established 
considering solely the willingness of kids to wean themselves; 
a cost–benefit analysis should be conducted to further sup-
port weaning kids at a later age and favor adoption of this 
practice by producers (Bélanger-Naud et al., 2021a).

The higher preweaning concentrate intake and greater 
increase from baseline in concentrate consumption of the 
10-wk kids compared to the 6-wk kids could be explained 
by the experience the older kids acquired with consuming 
solid feed, specifically concentrates, before weaning. This 
experience prior to weaning for older kids might have acted 

Figure 2. The difference from baseline in weekly concentrate 
consumption (A) for weeks 0, 1, and 2, and in daily body weight (B) for 
days −3, 1, 7, and 15 relative to weaning across treatment groups (6W: 
black, 8W: light gray, and 10W: medium gray). Feed intake was measured 
based on the difference in weight of feed offered and refused in each 
pen. Standard deviation bars are shown. Values for each week with 
different superscripts (a and b) had significant differences between the 
treatment groups (P < 0.05; DSCF multiple comparison analysis).
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Table 4. Days mean differences relative to baseline ± SD for behavior variables, across the 6W, 8W, and 10W treatment groups

Variable Day Mean difference from baseline ± SD P-value2

6W 8W 10W

Grooming behaviors1

 � Self-grooming frequency −4 −1.7 ± 7.89 −1.3 ± 2.63 −0.4 ± 3.15 0.6690

0 −4.1 ± 5.73 −1.2 ± 3.82 −1.3 ± 2.06 0.3038

6 −3.2 ± 6.01 −0.6 ± 3.70 −1.4 ± 3.29 0.6967

12 −2.5 ± 5.25 −0.7 ± 3.31 0.6 ± 3.48 0.3099

 � Self-grooming time, s −4 −12.1 ± 25.33 3.2 ± 12.36 0.2 ± 9.21 0.1376

0 −18.1 ± 23.27 −3.0 ± 12.16 −1.7 ± 6.77 0.0546

6 −15.6 ± 24.57 3.8 ± 16.02 −2.3 ± 10.02 0.0973

12 −13.8 ± 23.02b 0.6 ± 16.59a,b 6.6 ± 10.05a 0.0176

 � Allogrooming frequency −4 0.9 ± 2.43 −1.3 ± 1.48 −0.6 ± 2.43 0.0734

0 0.7 ± 3.89 −1.5 ± 1.57 −1.1 ± 2.15 0.2216

6 −0.3 ± 2.56 −1.6 ± 1.38 −1.2 ± 2.21 0.1481

12 −1.0 ± 1.91 −1.3 ± 1.30 −1.3 ± 2.31 0.5320

 � Allogrooming time, s −4 0.5 ± 8.23 −2.5 ± 2.97 −1.1 ± 7.20 0.1075

0 1.5 ± 14.37 −2.9 ± 3.14 −2.8 ± 5.15 0.2517

6 −1.4 ± 9.50 −3.2 ± 2.76 −1.5 ± 5.25 0.1374

12 −3.3 ± 8.06 −2.7 ± 2.61 −3.1 ± 6.32 0.5022

Redirected behaviors1

 � Cross-sucking frequency −4 −0.8 ± 1.59 −0.1 ± 1.93 0.4 ± 1.08 0.1000

0 −0.3 ± 2.86 0.1 ± 2.34 0.8 ± 1.64 0.4387

6 −2.0 ± 2.41 0.2 ± 1.53 −0.2 ± 0.58 0.0358

12 −2.2 ± 2.48b 0.0 ± 1.48a 0.5 ± 1.17a 0.0032

 � Cross-sucking time, s −4 0.6 ± 9.17 3.9 ± 16.43 2.8 ± 9.73 0.4686

0 1.0 ± 10.97 0.2 ± 4.69 2.5 ± 5.78 0.5359

6 −5.0 ± 6.12 0.8 ± 3.84 −0.8 ± 1.76 0.0409

12 −5.3 ± 6.17b 0.0 ± 2.95a 3.6 ± 6.54a 0.0010

 � Biting and licking frequency −4 2.1 ± 8.82 −2.4 ± 10.54 1.5 ± 7.08 0.6497

0 −2.5 ± 11.17 −6.5 ± 10.06 −0.5 ± 9.25 0.4138

6 −6.6 ± 7.51 −7.8 ± 7.47 −4.3 ± 5.72 0.4264

12 −4.5 ± 9.00 −8.6 ± 7.74 −2.7 ± 6.47 0.1348

 � Biting and licking time, s −4 19.3 ± 41.76 −10.3 ± 40.14 22.3 ± 43.42 0.2187

0 2.5 ± 46.70 −18.9 ± 39.02 2.3 ± 47.24 0.5901

6 −12.8 ± 35.44 −25.7 ± 25.96 −15.0 ± 26.83 0.4250

12 −3.1 ± 33.30 −29.1 ± 30.80 −10.8 ± 30.30 0.0980

 � Nipple sucking frequency −4 4.0 ± 2.59 3.3 ± 5.51 1.3 ± 2.53 0.0543

0 5.9 ± 4.76 4.1 ± 5.72 3.5 ± 6.17 0.8144

6 0.3 ± 0.65 0.3 ± 0.89 −0.1 ± 1.56 0.6463

12 0.3 ± 0.45 0.4 ± 0.90 0.0 ± 0.95 0.7935

 � Nipple sucking time, s −4 14.0 ± 16.73 14.8 ± 30.80 6.3 ± 34.00 0.2151

0 27.2 ± 31.40 37.5 ± 82.84 39.6 ± 89.52 0.4393

6 5.5 ± 17.81 1.3 ± 3.23 0.5 ± 25.56 0.6459

12 0.8 ± 1.80 1.8 ± 5.15 −1.8 ± 17.70 0.8866

 � Digging or pawing frequency −4 0.2 ± 2.44 −0.1 ± 0.29 −0.8 ± 1.75 0.1211

0 −0.6 ± 1.73 −0.1 ± 0.30 −0.8 ± 1.96 0.8130

6 −0.6 ± 1.73 0.0 ± 0.43 −0.8 ± 1.71 0.5402

12 −0.1 ± 0.51 0.0 ± 0.43 −0.9 ± 1.78 0.3194

 � Displacement at the nipple frequency −4 0.6 ± 0.90 −0.6 ± 3.75 −0.3 ± 0.97 0.1916

0 0.1 ± 0.29 −1.0 ± 3.69 −0.3 ± 0.87 0.6240

6 — — — —

12 — — — —
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to facilitate the transition to exclusively solid feed. This has 
been demonstrated in dairy calves, wherein delayed weaning 
at 89 d of age compared to 48 d of age reduced the negative 
effect of weaning on energy intake during and after weaning 
(de Passillé et al., 2011). This effect could be linked to the 
fact that ruminants have a nonfunctional rumen at birth and 
require solid feed intake to trigger rumen growth and matu-
ration (Khan et al., 2011), a process that requires time. This 
trend was also observed at the week level, during the weaning 
period in week 0, there was no difference amongst the treat-
ment groups but in the 2 wk after weaning, kids weaned at 
10 wk had the highest increase in concentrate consumption 
relative to baseline. This could further support the idea that 
kids weaned at an older age have more experience with con-
suming concentrate due to a higher baseline intake.

In prior literature, the weaning period has been associated 
with growth stasis (Greenwood and Cafe, 2007; Magistrelli 
and Rosi, 2009). The extent of growth stasis over the wean-
ing period has been particularly supported for kids weaned 
earlier (by 36 d of age or at 10 kg) as opposed to later (by 60 
d of age or at 15 kg; Palma and Galina, 1995; Luparia et al., 
2009). However, this was not reported in the present study as 
no difference from baseline was found for growth parameters. 
Comparably, a study by Magistrelli et al. (2013) evaluated 
the impact of a progressive weaning over 17 d on growth, 
behavior, and physiological stress indicators of kids at 48 d 
of age, against unweaned kids of the same age. The results 
showed no difference between the weaned and unweaned 
kids on growth parameters, expression of abnormal behavior, 
or other physiological stress levels (Magistrelli et al., 2011, 
2013). Management practices such as ad libitum access to 
hay, concentrates, and water at all times are likely to mini-
mize the negative impact of stress during the weaning period 
on growth and on other parameters (Magistrelli et al., 2013). 
Such management practices were implemented in our study, 
which could explain the absence of growth stasis we observed 
in newly weaned kids.

Lying behaviors
Mean lying time across all treatment groups over the weaning 
period represented 53.9% to 62.6% of daily activity which 
is similar to that reported by Zobel et al. (2020; 63.2% of 
daily activity spend lying down prior to weaning, 63.0% 
postweaning), but much higher than what was reported by 
Zobel et al. (2015; 8.5 ± 3.2 h/d lying down, or 35.4% of 
daily activity). In our study, the mean number of lying bouts 
around the weaning period ranged from 21.4 to 43.3 bouts/d 

across all treatment groups. Results reported by Zobel et al. 
(2015) show a much lower number of lying bouts, averaging 
8 ± 4 bouts/d. While lying behavior is often used in welfare 
research as an indicator of comfort (Zobel et al. 2015), it has 
also been shown to vary with age (Lickliter, 1987); individual 
variation in dairy goat behavior could also account for the 
variability observed between studies. Nonetheless, our results 
corroborate previous findings and may suggest that the differ-
ent treatments we subjected the goat kids to in our study did 
not yield negative outcomes on lying behavior.

Grooming, redirected, and other behaviors
Grooming behaviors
Grooming serves many adaptive functions, mainly to clean 
and condition the hair coat (Hart and Pryor 2004), but also 
to build social relationships (Val-Laillet et al. 2009). The most 
apparent purpose for self-grooming relates to coat hygiene, 
more specifically targeted towards removing ectoparasites, a 
role which has been long demonstrated in goats (Koch 1988). 
Higher self-grooming rates are observed in young kids rather 
than adults due to increased vulnerability to parasites (Hart 
and Pryor, 2004). Despite coat hygiene being identified as the 
main role of self-grooming, reductions in time allocated to 
this behavior have been established as an indicator of pain 
or discomfort (Hempstead et al., 2018). A study that evalu-
ated posttreatment pain in dairy goat kids across alternative 
disbudding techniques found that decreases in self-grooming 
time were present at 1-h posttreatment when plasma cor-
tisol levels were most elevated, with the greatest reduction 
in self-grooming time observed with the most painful dis-
budding method (Hempstead et al., 2018). Allogrooming, 
another grooming behavior, consists in grooming another 
individual’s coat. Aside from hygiene purposes, this behavior 
is also considered to play a role in the development and main-
tenance of social relationships and is thus considered a posi-
tive welfare indicator (Val-Laillet et al., 2009). On the other 
hand, allogrooming is also thought to serve as a mechanism 
to release stress (Sato et al., 1991). A study observing calves in 
different environmental conditions found that allogrooming 
tended to increase when feed was restricted or when the barn 
was not cleaned (Sato et al., 1991). Moreover, higher rates of 
allogrooming were observed in tethered cattle compared to 
loose-housed cattle, perhaps due to habituation to imposed 
neighbors or boredom (Krohn, 1994). Although data from 
studies on goats is lacking with regard to allogrooming, it 
appears that both grooming behaviors can serve as indica-
tors of welfare. In the present study, kids weaned at 6-wk 

Variable Day Mean difference from baseline ± SD P-value2

6W 8W 10W

Other behaviors1

 � Vocalization frequency −4 12.6 ± 30.66 7.8 ± 13.47 −0.4 ± 10.89 0.2429

0 13.9 ± 14.23a 7.3 ± 7.79b 2.1 ± 4.68b 0.0113

6 1.6 ± 7.34 0.1 ± 3.68 −3.8 ± 8.99 0.0607

12 0.7 ± 6.05 2.4 ± 8.01 −2.8 ± 9.92 0.3179

1Behaviors were observed over 12 nonconsecutive minutes per day of observation.
2Evaluated using a Kruskal–Wallis test.
a,b,cValues in a row with different superscripts had significant differences between the treatment groups (P < 0.05; DSCF multiple comparison analysis).

Table 4. Continued
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were the only treatment group for which self-grooming time 
during the weaning period was reduced relative to the base-
line, as the 8- and 10-wk weaning groups exhibited increases 
in self-grooming time after weaning. The reduction relative to 
baseline that was observed in the present study (−14.9 ± 23.39 
seconds per 12-min observation period = −1.24 ± 1.95 min/h) 
was proportionally smaller than the reduction in self-
grooming time observed with painful disbudding method 
(−8.92 ± 0.0 min/h; Hempstead et al., 2018). However, based 
on the associations found in prior literature, this reduction in 
grooming time could nonetheless indicate ineffective coping 
in early weaned kids, resulting in the reduced presentation of 
adaptive behaviors we observed. Yet, the results of this study 
also showed 6-wk weaning kids as having the smallest reduc-
tion relative to baseline in allogrooming time after weaning, 
compared to the 8-wk weaning treatment. Given the role 
allogrooming could play in releasing stress, our results make 
it partly unclear whether the differences we observed between 
the 6- and 8-wk groups are representative of a slightly differ-
ent mechanism for coping with the stress of weaning in 6-wk 
treatment kids compared to other groups. Further investiga-
tions focusing more closely on grooming behaviors in kids 
could yield more information on the matter.

Redirected behaviors
The redirected behaviors we observed encompassed many 
behaviors that are usually directed towards a conspecific 
(cross-sucking) or towards the environment (biting and lick-
ing, nipple sucking, digging or pawing, or displacement at 
the nipple). Cross-sucking is a non-nutritive sucking behav-
ior that may cause hair loss or inflammation to the afflicted 
area of a conspecific if prolonged (Sambraus, 1980; observed 
in calves: Rushen and de Passillé, 1995). Fortunately, 
cross-sucking can be easily redirected by providing sufficient 
access to dry teats to fulfill sucking motivation without neg-
ative outcomes (Veissier et al., 2002). In a study investigating 
behavioral indicators of hunger in dairy calves, no difference 
in cross-sucking was observed between calves fed restricted 
milk quantities and calves fed ad libitum (De Paula Vieira et 
al., 2008). In that study, cross-sucking was not an effective 
indicator of hunger between the treatment groups, with only 
three cross-sucking events occurring in the entire study period 
due to the presence of effective outlets for sucking motiva-
tion. In the current study, two milk teats were present in each 
pen to allow both kids to access milk at the same time. In 
addition, the milk teats were physically separated within the 
pens to further limit competition, and were kept in place at 
all times during the weaning process. Yet, this was not suf-
ficient to completely redirect this behavior as occurrences 
were nonetheless observed in all groups. In the present study, 
8- and 10-wk kids have engaged in more cross-sucking rel-
ative to baseline than the 6-wk kids, regardless of dry teat 
availability. It is possible that the older kids were hungrier 
as a result of a greater decrease in milk allowance during the 
weaning period; their baseline consumption was greater than 
the 6-wk kids, which possibly led them to find another source 
to fulfill their sucking motivation due to unsuccessful suck-
ing at the teat. Another hypothesis is that these kids could 
have habituated, over the course of the weeks, to sucking for 
longer; these groups initially drank more milk, which would 
require sucking for longer to be ingested. They may have 
needed a longer adaptation period postweaning as a result. 
However, the 6 wk kids were the only group for which the 

biting and licking time numerically increased (nonsignifi-
cant) compared to their baseline, with the other two groups 
decreasing the time allocated to these behaviors. Moreover, 
the displacement at the nipple for the kids weaned at 6 wk 
increased from their baseline whereas it decreased for the kids 
weaned at 8 and 10 wk. As such, it is possible that younger 
kids redirected their need to suckle more frequently towards 
their environment rather than towards conspecifics, as the 
kids weaned at an older age did, thus coping with weaning 
in a slightly different manner. The results we obtained do 
not allow us to draw any specific conclusion with regard to 
how these redirected behaviors and if their causes are linked 
with weaning. Nevertheless, mean cross-sucking time across 
all treatment groups over the study period occurred only for 
1.39 ± 3.42 s per 12-min (=0.12 ± 0.29 min/h) observation 
period. Proportional to the length of the observation period, 
this cross-sucking time is much shorter than that observed in 
previous studies and is unlikely to be associated with negative 
outcomes (Veissier et al., 2002; Babu et al., 2004).

Other behaviors
Vocalizations, while varied and part of the regular behavioral 
repertoire of dairy goats, are widely considered an indicator 
of hunger in dairy cattle when included as part of a weaning 
study, wherein calves that are fed less milk usually vocalize 
more than calves fed ad libitum (Watts and Stookey, 2000; 
Thomas et al., 2001; De Paula Vieira et al., 2008). Increased 
vocalizations have also been associated with other stress-
inducing events not linked to hunger, including social isolation 
and disbudding procedures (Jensen, 2002; Alvarez and Guti-
érrez, 2010; Miranda-de la Lama and Mattiello, 2010). Mag-
istrelli et al. (2013) found that vocalizations doubled in male 
kids in the immediate postweaning period for kids weaned at 
48 d of age compared to unweaned kids and remained ele-
vated until 50 d of age at the end of the study period. These 
authors interpreted the increased vocalizations after weaning 
to be a request for milk in response to hunger cues. Based 
on prior literature, it is also possible that the vocalizations 
could be in response to ineffective coping with the stress of 
transitioning to solid feed. While it is also possible that these 
vocalization differences were due to other factors (time of 
day, age, etc.), in conjunction with our other findings, the dif-
ferences observed in vocalizations between groups seem to 
support the hypothesis that they were performed as a result 
of discomfort associated with weaning. During weaning in 
the present study, an increase in vocalizations was observed 
in kids weaned at 6- and 8-wk while a decrease was observed 
for the 10-wk kids. More specifically, although the 10 wk 
group vocalization was highest at baseline, the 6 wk and the 
8 wk kids vocalized 2.5× and 1.5× more than the 10 wk kids, 
respectively, on the day of weaning. Based on prior literature, 
the higher vocalization observed in the youngest group could 
indicate stress or hunger over the weaning period. In contrast, 
the decreased vocalizations observed in kids weaned at 10 wk 
could indicate that the stress or hunger commonly associated 
with weaning could be more tolerable when initiated later on 
in age after an exposure to solid feed was more established.

Limitations
In terms of study limitations, behaviors were only recorded 
for 12 nonconsecutive minutes per day of observation. 
While the timing of observation was likely to coincide with 
a high prevalence of grooming, redirected, or other behaviors 
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(before, during, and after morning feeding), the results can 
only represent a snapshot of the entire day. Furthermore, due 
to the real-time nature of the observations, it was only possi-
ble to conduct inter-reliability assessments. Our limited sam-
pling schedule combined with live observation could have led 
to missing behavior events or incorrect coding of behavior 
events, limiting the extrapolation of the results. The design of 
the experiment and statistical analysis were chosen based on 
our target variables, that is; discomfort-related outcome mea-
sures based on live behavioral observations around weaning 
as opposed to continuous measures through video recording 
across the entire trial period. The latter would have allowed 
us to apply validated automated technologies to compare dif-
ferences in behavior more precisely and continuously over the 
course of the trial (e.g., through the application of deep learn-
ing methods: Jiang et al., 2020).

Conclusion
Kids weaned at 10 wk of age had the greatest increase in con-
centrate consumption, and greatest decrease in vocalizations 
while both 8- and 10-wk kid’s groups had the greatest increase 
in self-grooming and cross-sucking. Kids weaned at 6 wk of 
age were found to have the smallest increase in concentrate 
consumption and the greatest decrease in self-grooming, and 
the greatest increase in allogrooming and in redirected behav-
iors aimed toward the environment. No negative impact of 
weaning on growth of either group was identified. Overall, 
while not all results were in line, they tend towards a higher 
degree of discomfort behaviors (allogrooming, biting/lick-
ing, displacement, and vocalizations) in kids weaned earlier 
(6 wk) compared to later weaning at 8 or 10 wk, while kids 
weaned later showed higher levels of positive behaviors (lying 
time, self-grooming). Among the kids weaned at later ages, 
while the degree of most discomfort behaviors was similar, 
the difference from baseline in vocalizations for kids weaned 
at 8 wk of age was greatest. Although the limited amount of 
relevant literature pertaining to goat kids complicates the 
interpretation of our results, they seem to tend towards a 
better capacity of kids weaned at later ages (8 or 10 wk) to 
cope with the stress of this nutritional transition compared to 
kids weaned at an early age (6 wk). Further research support-
ing the development of goat-specific recommendations with 
regard to the management of weaning would be needed.

Supplementary Data
Supplementary data are available at Journal of Animal Science 
online.
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