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Despite an estimated global goat population of over one billion, little is known about methods being used
to feed milk to artificially reared kids (reared away from their dams) and how kids are weaned from these
systems. Quantifying and characterising current methods utilised on farms will enable future targeted
research to investigate best practice methods for milk feeding and weaning of artificially reared kids. A
recall-based survey that investigated on-farm kid-rearing practices (focusing on the milk feeding and
weaning stages) was distributed via social media, and regional goat organisations across multiple coun-
tries. A total of 242 responses from 16 countries were collected and geographically grouped. Responses
that could not be grouped sufficiently were removed (nine responses from eight countries). A total of 233
responses from eight countries (United States of America (USA) 72; United Kingdom (UK) 71; Australia
33; Canada 23; New Zealand 20; European Union (EU) 14), were analysed. Most farms (217; 93%) bred
their own kids. The most common milk feeding method was bottle feeding, used on 135 farms (57.9%),
followed by ad libitum feeding used by 72 (30.9%). A relationship between number of kids reared and
feeding system was identified, v2(3, N = 233) = 89.605, P < 0.001, with farms rearing > 100 kids more
likely to feed milk ad libitum. A total of 170 farms (72.9%) were weaned based on a target age and 85
(36.4%) on a target weight, 53 (22.7%) used both and 45 (19.3%) neither. Target weaning ages and weights
varied across countries; the median age was 84 days (interquartile range (IQR) 56–84), and the median
weight was 16 kg (IQR 15–18). A difference was found between milk feeding systems for weaning
method (Χ2(2, N = 232) = 63.797, P � 0.001), with kids most likely to be abruptly weaned from ad libitum
systems (or gradually weaned from bottle feeding). Abrupt weaning was used by 67 farms (28.8%), and
gradual weaning was used by 165 (71.1%). Gradual weaning strategies included reducing milk quantity
(150 farms; 93% of farms providing detail) and diluting milk (six farms; 4%). A total of 169 (72.5%) sup-
plied enrichment that met the survey’s definition; items to climb on/hide in were most common, pro-
vided by 157 farms (92.8%). Findings suggest differing practices in smaller-scale bottle-
fed versus larger-scale ad libitum milk systems, likely reflecting differing system needs. This highlights a
requirement for welfare-focused research in kids reared artificially in order to identify and communi-
cate best practices to ensure on-farm welfare is optimised within each system.
� 2022 The Authors. Published by Elsevier B.V. on behalf of The Animal Consortium. This is an open access

article under the CC BY license (http://creativecommons.org/licenses/by/4.0/).
Implications

Limited information exists about management practices for
artificially reared goat kids, and therefore, an international survey
of kid-rearing and weaning methods was conducted. Results sug-
gest that there are likely differing production system needs being
encountered by smaller-scale bottle-fed versus larger-
scale ad libitummilk feeding systems, which impacts management
practices such as weaning strategies and subsequent welfare. Vari-
able management practices highlight a need for greater research
into the management of kids reared in artificial milk feeding sys-
tems that is tailored to farmers’ needs; this would enable feasible
best practices to be identified and subsequently communicated
to optimise kid welfare.

Introduction

Goats may have been the first farmed ruminant species
(Hatziminaoglou and Boyazoglu, 2004), having been domesticated
approximately 10 000 years ago (Zeder and Hesse, 2000). They are
a versatile species, adaptable to many environmental conditions,
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since their domestication have become popular across the globe
(Morand-Fehr et al., 2004). The global population was estimated
to stand at over one billion in 2018, an increase of 15.9% over a
10-year period (Food and Agriculture Organization of the United
Nations (FAOSTAT), 2020). Globally, milk-producing goat numbers
have increased by 20.6% from 2008 to 2018 (FAOSTAT, 2020).
Despite only owning 4.2% of the world milk-producing goat herd,
Europe produces 14.6% of global goat milk (FAOSTAT, 2020), indi-
cating the region’s intensive industry and husbandry practices,
which could impact animal welfare. Global statistics often do not
include home consumption or informal milk sales where records
are not kept (Miller and Lu, 2019); therefore, the global goat indus-
try is likely to be larger than currently estimated.

Despite this popularity, documented information about the
characteristics of goat production systems and the welfare of the
animals within them, either regionally or globally, is scarce. A
review by Morand-Fehr et al. (2004) highlighted that basic
research related to goat farming, such as understanding systems
of production and ‘proposing methods and know-how acceptable
to farmers’ should be a priority, and nutrition, genetics and repro-
duction were the main scientific topics of papers presented during
the International Conference on Goats, with concerns being
expressed over the low applicability of this research to commercial
farms (Morand-Fehr and Lebbie, 2004), and peer-reviewed goat-
specific research applicable for use on-farm is still limited, partic-
ularly for youngstock. Therefore, to have the largest impact, it is
essential that research aiming to improve kid welfare is targeted
and feasible for application on farms.

The milk feeding stage and weaning transition are considered
high-risk periods for young ruminants, with the highest mortality
occurring in these first months of life (Buddle et al., 1988; Todd
et al., 2019). During the milk feeding stage, young ruminants digest
milk in their abomasum and to be successfully weaned must
develop a functioning rumen capable of microbial fermentation,
which is a large physiological change (Baldwin et al., 2004). Rumen
development is linked to the ingestion of solid feedstuff, and low
consumption is correlated with slower rumen development and
subsequent weight loss postweaning (Sweeney et al., 2010). Under
natural conditions, weaning would take place over an extended
time frame involving a gradual reduction in the intake of milk
and contact with the dam (Bungo et al., 1998) alongside increasing
solid feed consumption weaning from artificial milk supply sys-
tems cannot incorporate these natural cues (such as allelomimicry
and dams preventing access to milk) and can cause responses
indicative of stress (Greenwood, 1993; Lu and Potchoiba, 1988).
Therefore, weaning management in commercial systems is an
important potential welfare issue. Yet, the prevalence of different
goat kid-rearing systems and the development of optimised
youngstock husbandry practices have garnered limited research
attention.

A recent survey circulated in the United Kingdom (UK) by the
industry group the ‘Milking Goat Association’ highlighted the lack
of knowledge surrounding current husbandry practices, and that
research on factors affecting kid health was a top priority for farm-
ers (Anzuino et al., 2019). The survey found that 85% of the
responding farmers were feeding milk ad libitum and that age
and weight were common criteria for weaning decisions, a finding
supported by a smaller study of 16 farms in New Zealand (Todd
et al., 2019). However, the actual methods of weaning from milk
were not investigated within either publication. In calves, it has
been found that the weaning method can influence growth rates
and impact welfare (Roth et al., 2009; Weary et al., 2008) and
understanding on-farm weaning practices could inform applied
research to improve kid welfare.

The aim of this survey was to expand on the information pre-
sented by Anzuino et al. (2019), by collecting detailed information
2

about on-farm kid-rearing practices from a greater range of farm-
ers across multiple target countries. The survey was designed to
collect information on milk feeding strategies, solid feed introduc-
tion, weaning methods, and environmental enrichment provision
as well as key farm characteristics. Preliminary results of this sur-
vey have been published in abstract form (Vickery et al., 2021).
Quantifying rearing methods currently being used will enable
future research to be suitably targeted at investigating best prac-
tice methods for milk feeding and weaning of artificially reared
goat kids, in order to optimise goat kid welfare.
Material and methods

Ethical approval was granted by the University of Reading,
School of Agriculture, Policy and Development (reference number
001095) and Dalhousie University (reference number 2019–4934).

Questionnaire

A questionnaire was designed, for collecting anonymous
responses, and consisted of 29 questions, some with multiple parts,
across two main sections. The first section focused on background
information, milk feeding strategies, feeding management, and
weaning management (Supplementary Material S1). The results
of this first part of the survey are reported here. Multiple-choice
questions (with predefined answers) that allowed for quantitative
data analysis were combined with open-ended questions that
enabled a greater level of detail in the responses. The survey was
designed to be completed from memory within 10 min. Routing
meant that respondents did not have to answer all questions but
were directed to sections specific to their milk feeding system
and weaning method. Five farmers were asked to read and com-
ment on a pilot version, which resulted in minor changes to ques-
tion format including multiple-choice options. The survey was
available in English and translated into Dutch and French. The
translations were checked for accuracy by back translation into
English, and clarification of specific words was sought from native
speakers.

Participation criteria and recruitment

The survey was distributed widely to encourage a range of
farmers to participate and the greatest possible participation from
parts of the world where goats are commonly farmed in large-scale
systems for commercial production. The only criterion for partici-
pation was that the respondent must be raising milk-fed goat kids
artificially (away from their dams), and that only one response per
farm was submitted. Participation was voluntary, and no incentive
was offered for submitting a response.

The researchers’ presence within the UK was utilised to encour-
age greater response rates by distributing paper copies, to farmers
at the Milking Goat Association Open day (12th September 2019),
the Goat Veterinary Society conference (10th October 2019), and
the Dairy, Sheep and Goat Conference (27–28th January 2020).
An electronic version of the questionnaire was created in the JISC
Online Survey format, and an introductory email with a link to
the online questionnaire was sent to relevant organisations glob-
ally (such as regional goat societies and veterinary services), who
were asked to distribute the link within their membership base.
A public post was created on the researchers’ social media (Face-
book & Twitter) with a link to the questionnaire, to encourage fur-
ther participation. Whilst a large number of responses from
English-speaking countries were anticipated, translations to Dutch
and French were created to assist in gathering responses from
Netherlands, France and Canada where commercial goat produc-
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tion is prevalent. The English version was available online from
21st September 2019 to 30th April 2020, the French from 13th Jan-
uary to 15th June 2020, and the Dutch from 30th January to 15th
June 2020.

Statistical analysis

JISC online survey responses were downloaded and collated in
Microsoft Excel. Open-text responses were thematically analysed
and coded based on the contents. Statistical analysis was then con-
ducted in IBM SPSS (version 25; SPSS Inc., Chicago, IL, USA). Most
results are presented as simple summary statistics. Comparisons
were made for nominal-to-nominal variables using v2 tests (milk
feeding system by weaning method and type of gradual weaning)
and Kruskal-Wallis tests for nominal-to-ordinal variables (number
of kids reared by milk feeding system and weaning method).

All weights stated were converted to kilograms (kg), and ages
were converted to days; when a range was given, the median
was used for analysis. Open-text responses described the enrich-
ment provided, and based on these descriptions, it was subse-
quently decided whether the description met the survey’s
definition of enrichment. They were then classified into enrich-
ment types and levels of scientific evidence.
Results

Survey exclusions and response

A total of eight surveys (three paper, five online) were excluded
for reasons of incomplete responses, responses for dam-reared
kids, or responses for incorrect species. After removals, 14 paper
copies were uploaded. The English online version received 212
responses from 16 countries, the Dutch version one response from
The Netherlands, and the French version 15 responses (eight from
France and seven from Canada). Responses were then grouped geo-
graphically, and responses from countries or regions that could not
be sufficiently grouped into categories of > 10 were removed (nine
responses from eight countries). A European Union (EU) category
with 14 responses (two from the Netherlands, three from Ireland
and nine from France) was created. Final analysis was conducted
on 233 responses from eight countries, giving an overall total of
233 surveys included in the analysis (Table 1).

Key farm and system characteristics

Table 1 presents survey responses by country and number of
kids reared and shows that most responses were collected from
farms rearing < 50 kids. Most farms (217, 93.1%) bred their own
kids, 12 (5.2%) brought in kids to rear, and four (1.7%) both bred
and brought in kids. Of those who brought in kids, nine (66.7%) col-
lected them at < 7 days old, two (13.3%) at 8–14 days and the
remaining three at > 15 days. Farms were asked to select the
approximate percentage of kids they reared that were female; 25
(10.7%) were only rearing females, 59 (25.3%) were rearing
80%, 136 (58.4%) were rearing 50%, five (2.1%) raised 20% females,
and the remaining eight (3.4%) reared no females at all. The pur-
poses for rearing kids are presented in Fig. 1.

Milk feeding systems

Table 2 provides details on each of the systems used to feed
milk to artificially reared goat kids. A statistically significant differ-
ence between number of kids reared and feeding system used was
identified, v2(3, N = 233) = 89.605, P � 0.001. Dunn’s pairwise tests
(P = 0.001, adjusted using the Bonferroni correction) showed there
3

was significant evidence of a difference between farms rear-
ing > 100 kids compared to < 20 kids, 20–50 kids, and 50–100 kids,
with those farms rearing < 100 kids more likely to use bottle feed-
ing and those rearing > 100 kids more likely to use ad libitum milk
feeding. There was no evidence of a difference between other pairs.
Feeding and weaning management

Feeding management practices are presented in Table 3 and
show that most farms provided access to solid feed and forage
at < 14 days of age, but that both solid feed and forage type were
variable. In terms of weaning practices, most farms that used a tar-
get weaning age or weight gave a single set target (Table 4), eight
gave separate target weaning ages for males/females or kids reared
for different purposes, four used weight related to birthweight as
an aim (2�, 2.5�, 3�, and 4� birthweight), one had separate target
weights for male and female kids, and one aimed for 50% of their
target 12-month weight.

Weaning methods are presented in Table 5. A significant associ-
ation was found between milk feeding system and weaning
method (Χ2(2, N = 232) � 63.797, P � 0.001), with kids most likely
to be abruptly weaned from ad libitum milk feeding systems (or
gradually weaned from bottle feeding). Weaning methods broken
down by country, feeding system and number of kids reared are
displayed in Fig. 2. No significant association was found between
milk feeding system and method of gradual weaning (Χ2(2, N = 1
56) � 13.318, P = 0.346).

A significant difference was identified between number of kids
reared and weaning method used, v2(3, N = 232) = 58.380,
P � 0.001. Dunn’s pairwise tests (P 0.001, adjusted using the Bon-
ferroni correction) showed there was significant evidence of a dif-
ference between rearing > 100 kids compared to < 20 kids, 20–50
kids, and 50–100 kids. Those rearing > 100 kids were more likely
to be abruptly weaned.
Environmental enrichment

Fig. 3 shows responses to questions regarding the provision of
environmental enrichment, and classification of common enrich-
ment types.
Discussion

Key farm and system characteristics

Responses were collected from multiple countries, with the UK
and United States of America (USA) making up the largest propor-
tion of respondents. Numerous responses were received from
smaller farms (Table 1), possibly due to the sharing of social media
posts into specific goat-keeping groups, and therefore, the results
are skewed towards those raising a small number of kids each year.
This survey identified a significant relationship between the num-
ber of kids reared per year and the milk feeding system used, with
larger farms more likely to ad libitum milk feed. This relationship
may affect other aspects of kid management and including data
from those farms rearing a small number of kids artificially is
therefore important since they may require different management
strategies. Collecting data from a wide range of farm sizes and pur-
poses highlights the diversity that exists within the goat sector and
a need for further research to be differentially targeted according
to herd size.



Table 1
Survey response per country by number of goat kids reared artificially (away from their dams).

Country Number of responses n (%) Average number of kids reared per year n (%)

<20 20–50 50–100 100–200 200–400 400–600 >600

USA 72 (31) 36 (50) 23 (32) 8 (11) 2 (3) 2 (3) 0 (0) 1 (1)
UK 71 (30) 31 (44) 10 (14) 3 (4) 8 (11) 6 (8) 7 (10) 6 (8)
Australia 33 (14) 15 (45) 10 (30) 3 (9) 1 (3) 1 (3) 1 (3) 2 (6)
Canada 23 (10) 8 (35) 2 (9) 2 (9) 4 (17) 5 (22) 0 (0) 2 (9)
NZ 20 (9) 10 (50) 3 (15) 4 (20) 0 (0) 0 (0) 0 (0) 3 (15)
EU1 14 (6) 2 (14) 1 (7) 0 (0) 5 (36) 4 (29) 2 (14) 0 (0)
Total 233 102 (44) 49 (21) 20 (9) 20 (9) 18 (8) 10 (4) 14 (6)

Abbreviations: USA: United States of America; UK = United Kingdom; NZ = New Zealand; EU = European Union.
1 EU responses include 2 from the Netherlands, 3 from Ireland and 9 from France.

Fig. 1. Reasons for rearing male (n = 208) and female (n = 225) goat kids.
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Milk feeding systems

A previous survey of UK dairy goat farmers found that all but
one farm raised kids without suckling from their dams (Anzuino
et al., 2019). Information on artificial milk feeding systems is lim-
ited and currently focuses on large-scale commercial farms within
the dairy industry, however, kids are reared artificially in non-dairy
systems for a multitude of reasons including those related to man-
agement, rejection by the dam, multiple births, and mastitis. As the
aim of this survey was to quantify current on-farm rearing meth-
ods for welfare research to be suitably applied, goats being reared
artificially for any purpose (Fig. 1) were included. Milk feeding sys-
tems could be impacted by housing management, including regio-
nal variation in common facility styles, and whilst not an objective
of this survey, this is an area that could be investigated in further
detail.

Despite the prevalence of goat kids being reared artificially, lit-
tle research exists surrounding optimal milk intakes and methods
of feeding milk after the colostrum feeding stage (last reviewed by
Lu and Potchoiba, 1988). In Canada, ad libitum milk was fed on 55%
of 104 farms (Bélanger-Naud, 2020) and in the UK, 85% of 46 farms
(Anzuino et al., 2019); both were higher than found in the current
survey. However, the respondents in both surveys were from com-
4

mercial dairy farms with median herd sizes of 190 (Bélanger-Naud,
2020) and 400 adult milking females (Anzuino et al., 2019), and
whilst adult herd size was not collected in the current study, the
majority (44%) of farms were artificially rearing < 20 kids per year.
The finding that those rearing larger numbers of kids were signif-
icantly more likely to use ad libitum milk feeding system could
therefore explain this difference in the prevalence of ad libitum
feeding between surveys.

High milk intakes such as those permitted by ad libitum systems
have benefits including higher weight gains and increased natural
behavioural expression (Jasper andWeary, 2002). However, of con-
cern is the issue of one teat supplying multiple kids, and the
related competition over access to milk. There are no studies
specifically investigating the feeding behaviour of goat kids reared
on artificial milk supply systems, but in calves, reduced access to
milk due to a higher calf to teat ratio increases competitive inter-
actions and causes reduced milk intake (von Keyserlingk et al.,
2004). In the current survey, most farms allowed a ratio of either < 5
kids or 6–10 kids per teat, however, 11–20 per teat was also widely
used (Table 2). Feeding competition and the resulting impacts on
welfare could be an issue within ad libitum milk supply systems
and warrant further investigation.



Table 2
Systems used to feed milk to artificially reared goat kids.

Milk feeding system management Total number of respondents Respondents in category: n (%)

Part A: Bottle feeding1 233 135 (57.9)
Number of milk meals per day at 8 days of age 130
6� 7 (5.4)
5� 8 (6.2)
4� 62 (47.6)
3� 40 (30.7)
2� 13 (10.0)

Does the meal frequency change after 8 days? 124
Yes 111 (89.5)
No 13 (10.5)

Minimum number of milk meals per day if decreased after 8 days: 88
3� 1 (1.1)
1� 87 (98.9)

Part B: Ad libitum milk feeding1 233 72 (30.9)
Type of ad libitum milk feeder used: 72
Förster-Technik 27 (37.5)
Homemade 12 (16.6)
Bucket/bar 9 (12.5)
Britmix 4 (5.5)
Other 20 (27.7)

Number of kids per ad libitum milk teat: 72
<5 27 (37.5)
6–10 28 (38.8)
11–20 15 (20.8)
>21 2 (2.8)

Part C: Other milk feeding (open text)1 233 26 (11.2)
Description of feeding system: 26
Bucket/bar type 17 (65.3)
Boiler with teats 2 (7.6)
Modified ad libitum 2 (7.6)
Homemade 1 (3.8)
Bottles 1 (3.8)
Combination of methods 1 (3.8)
No description 2 (7.6)

1 The survey responses have been divided into three types of milk feeding, Part A shows information regarding bottle feeding, Part B ad libitum feeding, and Part C the
‘other’ strategies used.
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Feeding management

It has been evidenced that goat kid reticulo-rumen develop-
ment is affected by the physical form of the diet (Hamada et al.,
1976); therefore, it is essential that young ruminants ingest solid
feed and forage during the preweaning phase in order to develop
a fully functioning rumen prior to weaning. In this survey, forage
was considered plant-based feedstuff, whereas solid feed was com-
pound/grain based. It was positive that most farms provided both
at a young age (Table 3), as this enables the kids to become familiar
with solid feeds before weaning and therefore develop a rumen
capable of coping with the loss of milk-based nutrients.

Significant growth differences have been found between kids
fed high and low protein diets (Greenwood, 1993), evidencing that
adequate dietary protein intake is important for successful kid
rearing. This survey found high variability in the type of solid feed
offered but divided them into commercial complete feeds and
home blends. The overall nutritional breakdown of a homemade
blend is often unknown, and care should be taken to ensure a bal-
anced diet that allows for good growth is achieved. Indeed, it has
been found that feeding goat kids a pelleted complete feed alone
compared to a combination of pellets and cereal grains increased
weight gain (Hadjipanayiotou and Sanz, 1997). Goats are often
considered a ‘minority species’, and therefore, access to goat-
specific complete feed options is typically limited and other feed-
stuffs for small ruminants utilised (Table 3).

Solid feed intake has been positively correlated with reticulo-
rumen weight (Hamada et al., 1976), and it has been found that
5

kids consume more solid feed if milk is restricted rather than
offered ad libitum (Economides, 1986). Therefore, the consumption
of feed in ad libitum milk supply systems should be carefully con-
sidered, particularly around the weaning transition. Whilst solid
feed is important for preweaning growth, feeding a diet high in
concentrated solid feeds to goat kids during the growth phase
can increase stereotypies and lead to impaired welfare (Tölü
et al., 2017), and therefore, offering ad libitum forage is important.
It was positive that the vast majority of farms provided forage;
comparable to the 95.7% found by Anzuino et al. (2019). However,
there is limited evidence to inform the optimum balance of forage
and solid feed for rumen development during the milk feeding
stage and further research in this area would be beneficial.

Weaning

Weaning (nutritionally; the process of transitioning from a
milk-based diet to one composed of solid feedstuff) represents an
important transitional phase of management. Whilst early wean-
ing may be desirable in terms of management (including reducing
labour and feed costs), timing weaning correctly is essential to ani-
mal welfare. There is increasing evidence from cattle that early
high growth rates have long-lasting impacts beyond the milk feed-
ing and weaning period. Higher early growth rates result in higher
BW at 24 months of age, increased milk yields (Moallem et al.,
2010), and reduced age at first calving (Raeth-Knight et al.,
2009). Successful weaning (without significant morbidity and mor-
tality) of goat kids has been documented at 5 weeks of age provid-



Table 3
Feeding management of artificially reared goat kids during the milk feeding stage.

Feeding management Total number of respondents Respondents in category n (%) Median age first given (days) IQR1

Is forage provided? 233
Yes 229 (98.2) 7 1–14
No 4 (1.8)

Type of forage fed 233
Hay
As singular source 137 (58.7)
In combination 42 (18.0)

Straw
As singular source 21 (8.8)
In combination 41 (17.2)

Haylage
As singular source 4 (1.7)
In combination 15 (6.3)

Silage
As singular source 3 (1.3)
In combination 0 (0)

Natural pasture/browse
As singular source 2 (0.8)
In combination 22 (9.4)

Other2

As singular source 1 (0.4)
In combination 7 (3.0)

Is solid feed provided? 233
Yes 223 (95.7) 14 7–20
No 10 (4.3)

Type of solid feed 233
Commercial complete 187 (83.9)
Home blend 36 (16.1)

Species designed for3 133
Caprine 53 (40)
Bovine 45 (33.3)
Ovine 26 (19.3)
Equine 8 (6.7)
Rabbit 1 (0.7)

1 IQR = Interquartile Range.
2 Other: alfalfa (2), chaff (2), Lucerne (2), Tree hay (1), Silage based total mixed ration (1).
3 Species designed for was identified when respondents gave details of the manufacturer/feed name in their open-text response.

Table 4
Strategies for deciding when to wean artificially reared goat kids from milk.

Country Do you use a target age? Target age (days) Do you use a target weight?1 Target weight (kg) Do you use both a target age & weight?

Yes n (%2) Median IQR Yes n (%2) Median IQR Yes n (%2)

USA 55 (76.4) 84 70–84 16 (22.2) 18 15–23 8 (11.1)
UK 37 (52.9) 56 42–84 25 (35.7) 15 15–15.88 13 (18.6)
Australia 29 (87.9) 84 66.5–91 8 (24.2) 16 12–20 8 (24.2)
Canada 19 (82.6) 56 56–84 14 (60.9) 15.5 14.25–16 11 (47.8)
NZ 13 (65) 98 84–168 9 (45) 20 18–25 5 (25)
EU 8 (57.1) 60 56–72.5 13 (92.8) 16.5 16–17.5 8 (57.1)
Total 170 (72.9) 84 56–83 85 (36.4) 16 15–18 53 (22.7)

Abbreviations: USA: United States of America; UK = United Kingdom; NZ = New Zealand; EU = European Union; IQR = Interquartile range 1 Without further detailed
information regarding breeds and production systems, weights can only be considered a broad indication.

2 Percentages displayed are of total respondents for each country, presented in Table 1.
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ing they were consuming at least 30 g of solid feed daily prewean-
ing (Lu and Potchoiba, 1988). The consumption of solid feed may
be an important consideration in determining optimal weaning
times, however, unlike in many calf operations, the technology
able to monitor individual intakes is generally not used when rear-
ing goat kids; therefore, weaning strategies tend to be based on
easy to measure traits such as weight or age.
6

The current survey relied on farmer recollection of their wean-
ing methods, and therefore, the results should be interpreted with
some caution due to the limitations of recall-based methodology,
however, this study gives valuable insight into this under-
documented area. The decision to wean based on age was the most
common strategy found, with weaning based on a target BW used
less frequently (Table 4). This contrasts with dairy farms in New
Zealand where most were using BW as the criteria for weaning;



Table 5
Strategies for weaning artificially reared goat kids from milk.

Weaning strategies Total number of respondents Respondents in category n (%)

From bottle feeding 1341

Abruptly weaned 19 (14.2)
Gradually weaned 115 (85.8)

From ad libitum feeding 72
Abruptly weaned 48 (66.7)
Gradually weaned 24 (33.3)

From other feeding 26
Abruptly weaned 0 (0)
Gradually weaned 26 (100)

Gradual weaning strategy used 152
Reduction in milk quantity 142 (93.2)
Dilution of milk 5 (3.7)
Reduction in quantity & dilution 2 (1.2)
Other2 3 (1.9)

Time frame gradual weaning occurred over 116
<7 days 12 (10.9)
8–14 days 17 (14.3)
15–21 days 7 (5.9)
22–28 days 17 (14.3)
>29 days 63 (54.6)

1 One farm did not wean from bottle feeding and kept their kids on one milk meal a day indefinitely.
2 Other: One combined milk quantity reduction and milk temperature reduction; One reduced milk temperature then provided water through the feeding machine at night

for three days, and one full day; one gradually increased the number of kids per ad libitum teat before complete milk removal.
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however, only two of those farmers routinely weighed their kids
(Todd et al., 2019). It was not investigated if farmers were weigh-
ing their kids prior to weaning or estimating weight visually which
could be an important consideration for accuracy.

In Canada, Bélanger-Naud (2020) found that most farms used a
combination of age and weight as a weaning criterion, and the
median target weight was 15 kg (Bélanger-Naud, 2020), compara-
ble to the Canadian median found in this study. In the UK, 75.6% of
dairy farmers used a target weaning age and 41.3% used a target
weight (Anzuino et al., 2019), higher than found in the current
study, perhaps due to the differences in purposes the kids are
reared for. The current study found that target weaning ages and
weights varied across countries and as this may be influenced by
breed and purpose, it is important to note that the existing litera-
ture focuses on goats being raised for commercial dairy purposes,
whereas the current study included all kids being reared artificially
regardless of purpose. It has been suggested that weaning shock is
more closely related to weight rather than kid age (reviewed by Lu
and Potchoiba, 1988), however, it seems difficult to separate the
two, and the evidence surrounding this is based on old data and
limited sample sizes.

The process of weaning from artificial milk feeding systems can
be conducted in two main ways, and this survey found that the
weaning method chosen was related to the milk feeding system
used. Abrupt weaning (the sudden and complete removal of milk)
was more likely to be used by those feeding milk ad libitum
whereas gradual weaning (the incremental reduction of milk
before complete removal) was used more commonly by those bot-
tle feeding. Calf research suggests that abrupt weaning results in
lower growth rates than gradual weaning (Roth et al., 2009;
Weary et al., 2008). However, there are minimal published studies
specifically looking at method of weaning goat kids from artificial
milk supply systems; (Zobel et al., 2019) and (Magistrelli et al.,
2013) both found no significant effects of gradual weaning (by
reduction in milk quantity or milk concentration) on weight or
behaviour. In Canada, 37% of dairy farms were abruptly weaning,
and methods of gradual weaning used were skipping milk feedings
(20%), reducing milk quantity (19%), and diluting milk with water
(10%) (Bélanger-Naud, 2020). In the current study, reducing milk
7

quantity was favoured by the vast majority (Table 5) – a strategy
difficult to implement in ad libitum milk systems and may explain
why those systems were less likely to gradually wean.

Calf research has documented that high milk intake results in
decreased solid feed intake postabrupt weaning (Weary et al.,
2008) and reduced weight gain linked to slower rumen develop-
ment (Sweeney et al., 2010); suggesting that goat kids fed on ad li-
bitum milk systems may have issues surrounding lower solid feed
intake and slower rumen development that impact them at wean-
ing. As this survey found that kids fed on ad libitum milk systems
are more likely to be abruptly weaned, this could be a welfare con-
cern, and the lack of species-specific weaning research should be
addressed to fully understand how weaning strategies affect goat
kid welfare. Weaning targets and management may have been
influenced by breed and housing effects; investigation of these
was not the primary objective of this study, but the inclusion of
this in further studies could be warranted.
Environmental enrichment

It is widely accepted that commercial environments can restrict
behavioural expression and environmental enrichment is often
used with the aim of improving the welfare of captive animals
(Newberry, 1995). Indeed, many farming industries use enrich-
ment to these purposes. Species ethology is important when con-
sidering providing enrichment; wild goats generally inhabit
complex topography consisting of steep mountainous terrain at
high elevations (Parrini et al., 2003). Opportunities for goats to per-
form their full behavioural repertoire may be restricted by com-
mercial housing, which generally allow little variation in
elevation, surfaces and hiding opportunities.

This survey is the first to investigate the provision of enrich-
ment to artificially reared goat kids, and it found that farmers
had a variable understanding of what enrichment is, with some
descriptions given not meeting the definition provided. Therefore,
some may be providing items of enrichment but not recognising
them as such, and the prevalence of enrichment use reported in
our study could be an underestimate. Kids may also utilise struc-
tures that are part of the environment as unintentional enrichment



Fig. 2. Goat kid weaning method by milk feeding system and country (a) or by number of kids reared per year (b). Actual n is represented on the bars.
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such as stumps and trees in paddocks. However, for the purposes
of this survey, only specific items provided to the kids for the pur-
poses of enrichment were acknowledged.

The most common type of enrichment provided were those
classified as ‘occupational enrichment’ (Fig. 3), including both
physical and psychological/cognitive enrichment (Bloomsmith
et al., 1991). Altering the physical environment by providing items
that add complexity has been shown to increase feeding bout dura-
8

tion and decrease agonistic behaviour in adult goats (Aschwanden
et al., 2009). Sensory enrichment (stimulation designed to trigger
an animal’s senses; Bloomsmith et al., 1991) were mentioned in
survey responses by a small number of farms (Fig. 3). It has been
found that in cows, music decreases stress levels (Kıyıcı et al.,
2013), however, it is unknown if the effect was due to changing
human behaviour, and it has been noted that calves’ behavioural



Fig. 3. Environmental enrichment provided to artificially reared goat kids and the evidence for its use.
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responses to brushes potentially indicate enjoyment (Westerath
et al., 2014).

Social enrichment involves access to contact with other animals
or humans (Bloomsmith et al., 1991), human contact was com-
monly regarded as enrichment; however, it is important to note
that not all contact is equal. In calves, positive early-life handling
results in higher growth rates (Lürzel et al., 2015), and a more pos-
itive affective state (Ellingsen et al., 2014). However, negative
interactions cause increased flight distances and reduced milk pro-
tein (Hemsworth et al., 2000). Social enrichment using other spe-
cies is nuanced, for example, canine interaction causes indicators
of stress in sheep (Hansen et al., 2001) but evidence specifically
related to the interaction between goats and other species could
not be found.

Nutritional enrichment involves presenting feed in a different
way or offering novel feedstuff (Bloomsmith et al., 1991;
Newberry, 1995) and can allow for increased expression of natural
feeding behaviour. Raised feeding surfaces increase the feed intake
of adult dairy goats (Neave et al., 2018), and Zobel and Nawroth
(2020) suggest that feed presentation should be considered as a
strategy to improve goat welfare. Nutritional enrichment made
up a small percentage of the types of enrichment farms described;
however, those offering natural browse or allowing pasture access
may also be unintentionally providing nutritional enrichment.

It was encouraging that this first investigation into the provi-
sion of enrichment to goat kids on-farm found that most provided
some form of enrichment, however, there has been little peer-
reviewed research into enrichment for goat kids and therefore
evidence-based recommendations for species-specific enrichment
are limited. There is a need for further investigation into appropri-
9

ate enrichment for goat kids in order to ensure enrichment is ful-
filling its essential aim of improving welfare.
Conclusion

Greater understanding of on-farm management can ensure
research aimed at improving goat welfare is relevant and applica-
ble to the various systems employed, and the scale and objectives
of those systems. Whilst bottle feeding was the most commonmilk
feeding method, followed by ad libitum systems, it was found that
farms rearing > 100 kids were significantly more likely to ad libitum
milk feed. Kids were significantly more likely to be abruptly
weaned from ad libitummilk feeding systems, or gradually weaned
from bottle feeding. With evidence from other species suggesting
that gradual weaning has welfare and production advantages over
abrupt weaning, research on weaning strategies for ad libitum milk
systems is needed. Enrichment was supplied on the vast majority
of farms, with occupational enrichment being the most common
type, but a greater understanding of the role of enrichment in
improving the welfare of artificially reared kids, and how this
interacts with other management practices is needed to help farm-
ers make the right management decisions about the use of enrich-
ment. Overall, whilst consideration should be given to the
representativeness of results from countries with a limited number
of responses, this survey helps to build a knowledge base of on-
farm management practices during the kid milk feeding stage
and weaning transition, with the variability in practice suggesting
that applied research, tailored to the prevalent systems identified,
is needed to inform best practice guidelines for rearing goat kids to
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ensure welfare is optimised. Several areas in need of further inves-
tigation have been highlighted.
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