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Simple Summary

A hormone used in livestock breeding to improve fertility is obtained from the blood
of pregnant mares, and the welfare of these animals during repeated blood collection
is debated. This study aimed to describe how mares are managed for this purpose in a
sample of farms in Iceland and how they respond to blood collection. We analysed publicly
available video footage published by an animal welfare organisation showing mares on
pasture, while waiting for blood collection, and during the procedure. In our sample, mares
and foals kept at pasture appeared in good physical condition and showed normal social
behaviour. However, the main problems emerged during the handling of mares and the
blood collection itself. Most mares showed moderate to severe fear, anxiety or stress during
blood collection, including becoming subdued and non-responsive, but the procedure was
not stopped. Even though our findings must be interpreted with caution, due to the small
number of videos and possible bias in video selection, they provide an objective description
of mare behaviour and welfare-related aspects. They may also support informed decisions
on its regulation, after being confirmed by appropriate welfare assessments by trained
assessors.

Abstract

Welfare implications of repeated blood collection from pregnant mares for equine chorionic
gonadotropin (eCG) production remain debated. This study aimed to describe mare-
management practices in a sample of Icelandic farms, investigating behavioural responses
to blood collection and associated management conditions using publicly available video
footage. The analysis was performed while the mares were kept on pasture, as well as during
the pre-collection waiting period and blood collection. A Fear, Anxiety and Stress (FAS)
score (from 0 = relaxed to 5 = severe signs of FAS with aggression) was also assigned to
each blood collection phase. Although limited, pasture observations highlighted generally
good physical condition of mares and foals, with normal social behaviour. Mares waited
an average of 1 h 40 min before blood collection, and greater pen crowding was associ-
ated with increased negative interactions among mares (p = 0.031). The blood collection
procedure lasted about 8 min on average (range: 5.2-15.4 min). Most mares exhibited
moderate to severe FAS during blood collection, with a significant effect of the phase
(LRT p < 0.001). Blood draw was the phase with the highest likelihood of showing higher
FAS scores in comparison with waiting time (OR = 9.91, 95% CI: 4.08-20.5). A significant
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increase in a depressed-like, non-responsive demeanour was recorded during more inva-
sive handling phases (all p < 0.05). Even if our findings are limited by the nature of the
analysed videos, this study identifies potential welfare concerns, including restrictive head
positioning, incomplete post-venipuncture care, and continuation of procedures despite
severe behavioural signs of stress.

Keywords: behavioural analysis; blood collection; equine chorionic gonadotropin; equine
welfare; mares; pregnancy; pregnant mare serum gonadotropin

1. Introduction

Currently, the European equine sector encompasses a population of over 6 million
horses [1]. Beyond their traditional uses, horses are bred and managed for a variety of
purposes and kept as pets or livestock depending on the country’s regulations [2,3]. Within
the livestock sector, horses have been employed not only for meat production but also as
biological resources for production of medical substances [4]. One of the most relevant
examples is equine chorionic gonadotropin (eCG), also known as pregnant mare serum
gonadotropin (PMSG), a hormone widely incorporated into livestock breeding programmes
to improve reproductive efficiency and productivity [5-10]. ECG is a glycoprotein hormone
secreted by foetal-origin trophoblastic cells that form the endometrial cups of pregnant
mares [11,12]. Its secretion is restricted to early and mid-gestation, enabling its commercial
production through repeated blood collection from pregnant mares (typically between
days 40 and 120 of gestation) [11,13].

Within Europe, commercial eCG production is mainly concentrated in Iceland [14 ], where
a company sources blood from farms that maintain pregnant donor mares as well as from its
own herds [15,16]. The development of blood farming in Iceland originated in the southeast of
the country, where it complemented the traditional horse breeding sector, historically focused
on foal production for meat [17]. Increasing international demand for eCG subsequently
contributed to the expansion of this practice within Icelandic agricultural systems, making
the country one of the major producers in the global market [17,18]. The production system
operates within an extensive pasture-based management context, where broodmares are com-
monly kept under free-range conditions. During the summer grazing season (approximately
from May/June to August/September), mares are maintained on large pastures without sup-
plementary feeding, unless adverse seasonal conditions require additional forage; whereas
during winter, when pasture availability is limited, or snow cover prevents grazing, horses are
fed round-bale haylage ad libitum [14]. The combination of extensive pasture management
with seasonal gathering, repeated weekly movement to collection facilities, and restraint and
handling for blood collection creates a unique production context where welfare risks are
influenced by multiple interacting factors [2,4,19-21].

Although pasture-based management is widely recognised as supporting horses” etho-
logical needs [22], it is not risk-free, and welfare outcomes ultimately depend on the quality
of its implementation [23]. As reported for horses managed under extensive pasture-based
systems, potential welfare challenges for donor mares may arise from limited pasture avail-
ability or quality [24], restricted or uneven access to water sources [25,26], insufficient
shelter or infrastructure to protect horses from adverse weather conditions [26,27], and
limited monitoring due to large pasture areas [2]. However, evidence specifically address-
ing eCG donor mares is limited, with available information mainly derived from literature
reviews [2,4] based on non-governmental organisations (NGOs) reports and documen-
taries [28-30]. Handling procedures represent another critical stage [2]. Inadequate han-
dling practices, excessive use of force, and poorly designed facilities have been reported by
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animal welfare organisations [28,31]. Finally, the blood collection procedure itself requires
careful management to minimise potential pain, distress and health risks associated with
restraint, repeated venipuncture and blood removal [2]. Relevant procedural factors include
well-designed restraint-facility, trained personnel, aseptic procedures, adequate collection
volume and frequency, and post-collection access to water and electrolytes [4,32,33].

Because production of eCG relies on the repeated use of pregnant mares, the implica-
tions for their physical and mental welfare have started to receive increasing attention from
both the scientific community and public opinion [2,18,28,29,34,35]. In 2023, European
and North American veterinary organisations have called for standards, guidelines, audit
programmes and greater transparency within the eCG industry [36]. Shortly thereafter, the
European Commission tasked the European Food Safety Authority (EFSA) with preparing
a scientific opinion on equine welfare, including risks associated with commercial blood
collection for eCG production, expected by the end of 2026 [34]. Meanwhile, recent NGO
publications on Icelandic farms have further intensified public ethical debate [28,37], while
the Icelandic Food and Veterinary Authority (MAST) continues to regulate and authorise
blood collection activities under specific requirements, with the possibility of revising
these authorisations as new evidence emerges [38]. Notably, in September 2026, the EFTA
Court issued an advisory opinion stating that blood collection from pregnant mares for
eCG production falls within the scope of Directive 2010/63/EU, which regulates the use of
animals in research [39]. These developments therefore highlight the need for objective,
evidence-based assessments of welfare conditions within this production system.

Despite the growing importance of eCG production in Iceland and the increasing
public attention surrounding the welfare of donor mares, scientific information on this topic
remains limited. As mentioned above, most available information originates from grey liter-
ature [28,31], and, from the authors’ knowledge, the small body of peer-reviewed literature
has largely relied on these same sources [2,4]. Quantitative data describing management
practices and blood collection procedures are currently lacking, and no behavioural studies
have systematically assessed fear and stress responses experienced by donor mares during
blood collection. Therefore, the aim of the present study was to provide the first systematic
description of mare management practices and mares’ behaviour throughout the different
phases of the eCG production cycle in Iceland, based on the analysis of publicly available
video footage obtained from online sources. The study further aimed to investigate whether
behavioural indicators of fear, anxiety, and stress during blood collection varied across
procedural phases and were associated with handling quality, and whether pre-collection
handling practices and management conditions (e.g., waiting time and pen crowding)
were associated with mares’ behavioural responses, including social interactions with other
horses and avoidance or aggressive responses towards humans. We hypothesised that
handling quality would be associated with mares” behavioural responses. We further hy-
pothesised that the blood collection procedure, particularly during more invasive handling
phases, would be associated with increased fear- and stress-related behavioural responses,
and that prolonged waiting times and higher pen crowding during the pre-collection pe-
riod would be associated with increased aggressive behaviours among mares. Conversely,
pasture-based management was expected to support satisfactory overall behavioural and
health outcomes.

2. Materials and Methods

Video footage was identified through an online search conducted on YouTube using
the search strings “PMSG mares Iceland” and “PMSG blood collection Iceland” and limiting
the search to material uploaded within the previous five years. The search was conducted
in July 2026 and originally identified 37 videos; many consisted of edited documentary
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material, including interviews or narrative content. Some of the retrieved videos belong to
a YouTube channel named “Blood Collection for PMSG Production in Iceland 2024”, which
contained observational footage (1 = 87 videos).

The available material included 13 clips of pasture settings, 9 videos showing group
handling and sorting procedures while mares were in the raceway during the waiting time
before blood collection, and 65 videos documenting complete individual blood collection
procedures (i.e., from the moment the mare entered the restraint box until she was released)
(Table S1). Individual mares were identified using the ID numbers provided in the original
video titles. In addition, visual checks were performed to verify that the recorded mares
were distinct individuals. Videos of waiting time and blood collection procedures originated
from six different farms in Iceland (Table S2), whereas pasture videos were also from Iceland,
but the specific farm of origin was unknown.

Although the videos were published by an NGO, as indicated by the visible logo, they
were not edited documentaries and seemed to show the entire procedures without being
manipulated to construct a particular narrative. Therefore, they were considered suitable
for an observational analysis. However, as the footage originated from a publicly available
collection compiled by a third party, the criteria used to select and publish the original
recordings could not be independently verified. Videos were downloaded and screened
for inclusion based on visual quality, in terms of image resolution and field of view. All
87 available videos were included in the study and coded by farm (where reported) and
group or horse ID.

2.1. Pasture

Among the 13 videos retrieved, several clips appeared to show the same group (or
individual animal). Clips were therefore examined and cross-checked based on similarities
in the background and surrounding environment, as well as in the composition and charac-
teristics of the animals (e.g., number of mares and foals, coat colour, distinctive physical
features, spatial arrangement). The consistency of these features across clips suggested that
they were recorded consecutively or at close time intervals. Based on these observations,
and to avoid duplication of data, the clips were reorganised into 5 different scenarios, each
representing a unique group (n = 4) or individual animal (n = 1) in a given setting. Clips
showing the same scenario were treated as a single observational unit and considered as
complementary sources of information, providing different viewing angles or additional
details of the same subject(s) (see first two columns of Table S3 for details on how clips
were combined in each scenario).

Only a qualitative analysis of these videos was carried out. Both animal-based mea-
sures (ABMs) and resource-based measures (RBMs) were assessed. The ABMs evaluation
included qualitative visual assessment of body condition score (BCS) ona 1 to 5 scale [40],
health status (e.g., visible injuries, wounds, lameness), coat condition and cleanliness, be-
haviour and social interactions on pasture (including social proximity), group size and the
presence of foals. When visible, cases of poor hoof condition were also recorded. RBMs in-
cluded qualitative assessment of environmental-related features, specifically pasture quality
(vegetation cover rated as excellent, good, average, or poor) [41], the presence of muddy or
slippery areas, water availability and accessibility, availability of natural or artificial shelter,
and fence condition and safety. Observations were cross-checked with the senior author to
ensure consistency in the assessment of ABMs and RBMs.
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2.2. Waiting Time in the Raceway Before Blood Collection

The 9 videos documenting waiting time in the raceway recorded the entire waiting
period, since when mares entered the raceway until the last mare of the group entered the
restraint box for the blood collection procedure.

A qualitative assessment of the facilities (i.e., facility safety and resources, floor quality)
was conducted for each video, while foal presence (yes/no) was recorded separately. The
assessed parameters included pen crowding (visually assessed and classified as high,
medium, or low), feed availability (yes/no), water availability (yes/no), presence of shade
(yes/no), fence type (e.g., wooden, metallic), fence safety (yes/no), facility type (indoor or
outdoor), observed facility problems (e.g., sharp edges, slippery floor), mud level (high,
medium, or low), and bedding presence (yes/no) (Table 54).

The interactions between humans and horses, as well as horse-horse interactions
(Table 1), were analysed at the group level using an all-occurrence sampling method [42].
Continuous 5 min observation sessions (i.e., scans) were conducted, with 10 min intervals
between consecutive observation periods. In addition, for each scan, the type of procedure
observed was recorded and classified as: waiting (i.e., no handling activity), handling (i.e.,
including sorting mares in the raceway towards the restraint boxes or separating mares
from their foals), or transfer (i.e., movement of a large number of horses from one area to
another, typically from a holding pen to the raceway). Video recordings were analysed,
considering only the visible field of view under conditions of good visibility. Behavioural
observations and visual assessments of pen crowding were cross-checked with the senior
author to ensure consistency in classification.

Table 1. Ethogram used for the analysis of human-horse and horse-horse interactions during waiting
time in the raceway before blood collection. For each category of behaviours, the corresponding
description, including examples, is provided.

Category Description
Human-horse interaction (frequency)
Human-horse positive interactions The handler gently pats or scratches the horse.

The handler displays violent or inappropriate handling
behaviours toward the horse. This includes aversive or forceful
behaviours directed toward the horse, such as kicking, hitting,
pushing, or the use of whips and sticks, as well as coercive or

Human-horse negative interactions intimidating handling practices, such as chasing the horse,

driving it into a corner or confined area, and making threatening
or exaggerated movements with the arms or objects to force the
horse to move, without releasing the pressure to reward the
desired behaviour.

Horse-human interaction (frequency)

Horse-human aggressive interactions

The horse displays defensive behaviours toward the handler,
including kicking or biting.

The horse displays avoidance behaviours in response to

Horse-human avoidance interactions handling, including withdrawal (moving away from the

handler), huddling in a corner, or running away:.

Horse-horse interaction (frequency)

Horse-horse negative interactions

The horse displays agonistic behaviours toward another horse,
including kicking, biting, chasing, or other forms of aggression.

Horse-horse positive interactions

The horse displays affiliative social behaviours toward another
horse, such as allogrooming and foals” suckling behaviour.
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In addition, for each video, the maximum (i.e., last mare entering blood collection)
and the minimum (i.e., first mare entering blood collection) waiting time were recorded.

Three out of the nine videos were excluded from the behavioural analysis. Specifically,
two did not clearly show the entire procedure (e.g., due to short video duration or incomplete
camera coverage) and were therefore retained only for the qualitative assessment of the
facilities, whereas the third, although showing the complete procedure, provided insufficient
visibility to allow reliable behavioural scoring. Consequently, it was excluded from the
behavioural analysis but retained for the waiting time analysis.

2.3. Blood Collection

A checklist based on standard operating procedures (SOPs) for equine blood collec-
tion [4,32,33,43] was developed. Table 2 shows the checklist, including 12 steps and their
categories (i.e., Yes, No, Not visible). It was filled in while reviewing the video recording of
each individual mare undergoing the blood collection procedure (1 = 65).

Table 2. Checklist based on standard operating procedures (SOPs) steps for equine blood collection,
used to assess compliance and calculate the Compliance Score (CS). It includes items on workstation
setup, site preparation, and the blood collection procedure.

Item Category

1. Workstation setup

All materials prepared before starting the procedure and ] Yes (] No
personnel ready to start

Opening of a sterile needle shortly before starting the 1 Yes 0] No

blood collection

Restraint facility compliant with safety standards, with no
sharp edges, protrusions, exposed structural components, or [ Yes [J No
other potential injury hazards

2. Site Preparation

Hair clipped

1 Yes 1 No [ Not visible

Site cleaned

1 Yes [] No [ Not visible

Site wiped with disinfectant

1 Yes 1 No [ Not visible

Topical anaesthetic (cream, lidocaine, or other) applied 1 Yes [] No [ Not visible

Waited for anaesthetic to take effect (1 min) O Yes [0 No [ Not visible

3. Blood Collection

Maximum 2-3 attempts (no more than 2 on each side of

the neck)

1 Yes [1 No [ Not visible

Procedure stopped if the animal shows severe signs of fear,
anxiety, or stress (FAS)

O Yes/Not needed (no severe signs of FAS) [ No

Sterile gauze applied and pressure maintained to minimise

bleeding

O Yes [J No

Procedure duration < 30 min O Yes [ No

A Compliance Score (CS) was then calculated by scoring 1 for each appropriate step observed (Yes = 1;
No/Not visible = 0). To facilitate interpretation of the results, a traffic-light approach was used to
classify compliance into three categories: low (0-4), medium (5-8), and high (9-12) compliance.

Whether mares were tied short during the site preparation (i.e., clipping and wiping

the jugular area) and whether feed was offered during the procedures were also recorded,
as these have been suggested as good practices [44].
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To analyse mares’ behavioural responses and human-horse interactions during the
blood collection procedure, an ad hoc ethogram was developed (Table 3). Before the formal
video analysis, the ethogram was jointly refined by the research team until each behaviour

was clearly defined and consistently recognised and recorded by all team members.

Table 3. Ethogram used for the analysis of horse behavioural responses and human-horse interactions
during the blood collection procedure, including behavioural states (duration) and behavioural
events (frequency) with their respective definitions. For each group of behaviours, the corresponding
category is reported in the first column.

Category

Behaviours

Description

Behavioural states (duration)

Demeanour

Aggressive

The horse shows increased irritability/aggression (biting,
kicking, barging) toward the person performing blood
collection or the handler, the horse keeps the ears flat back,
very tense face (adapted from [45]).

Nervous, over—responsive

The horse displays higher motor activity (e.g., restlessness,
repeated movements, muscle tension) and/or freezing. The
nares are dilated, and the horse shows a higher respiratory
frequency. More animated reaction to environmental stimuli
(e.g., halter, cannula insertion, restraint box, or other objects)
presented to the horse during the procedure (adapted from

[45]).

Bright, alert, responsive (BAR)

The horse is aware of its environment, interactive, and
attentive to handlers or stimuli [46], but it stands without
showing any sign of restlessness.

Depressed, non-responsive

The horse is less responsive to the environment, often with
“zoned out”, worried, or glassy-eyed staring facial expression
[45], along with a lowered, unsupported head position. This
state is sustained over time, with the horse remaining
non-responsive rather than briefly pausing before returning to
normal responsiveness.

Behavioural events (frequency)

Escape-related behaviours

Escape behaviours

The horse attempts to escape the restraint box by performing
rapid, abrupt movements, such as pushing laterally against
the structure, lunging forward or backward, jumping over it,
or rearing (i.e., front legs raised off the ground with forehand
higher than hindquarters).

The horse pulls backward, moving only its head and neck,

Pulling back while tied to the restraint box (adapted from [47]).
Pulling forward The horse pushes or extends its head and neck forward while
& tied up to the restraint box (adapted from [47]).
Head shaking The horse shakes its head from side to side [47].
The horse performs a quick rotational toss of the head, similar
Head tossing to a head threat [45] and/or throws its head up and
down [48].
Head movements The horse performs flicking upward or lateral extension of the
head and neck. Not usually rhythmic, as with a stereotypy.
Nose flipping Often appears to reflect frustration with persistent discomfort,

particularly when the horse is tied up and/or seems unable to
find a comfortable posture (adapted from [45]).
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Table 3. Cont.

Category Behaviours Description
Opening of mouth with extension and retraction of tongue, lip
Licking/chewing smacking without tongue extension, lateral jaw movements

Mouth and lips movements

involving partial opening of lips [49].

Lips movements

Upper or lower lips movements [50].

Wood chewing

The horse bites and chews and/or ingests wooden parts of the
restraint box (adapted from [51]).

Yawning

The horse performs an involuntary sequence consisting of
mouth opening, deep inspiration, brief apnoea, and slow
expiration [52].

Vocalisations

Whinnying

The horse emits a loud, prolonged call, typically of 1-3 s
duration, beginning high pitched and ending lower pitched.
The head is elevated and the mouth slightly opened during
the whinny [53].

Snorting

Emitting an audible sudden forced exhalation through the
nares [45].

Squealing

The horse emits a short, sharp, high-pitched vocalization
typically of less than 1 s. The head can be in a variety of
positions, and the mouth is typically closed during the squeal
[45,53].

Avoidance behaviours

The horse turns its head and neck to the right or to the left or
pulls back or forward with its head trying to avoid the
handling or medical procedures (adapted from [47,54]).

Leg movements

The horse exhibits stomping (i.e., flexing and raising and then
rapidly lowering a fore or hind leg [51]) or pawing (i.e., one
front leg is lifted from the ground slightly, then extended
quickly in a forward direction, followed by movement
backward, dragging the toe against the ground in a digging
motion [53]). These behaviours are usually accompanied by
audible impact sounds, visible shoulder movement, and, in
some cases, movement of the restraint box door when it is
struck.

Other behaviours

Attempt to bite or biting

The horse puts the ears flat back, and bites or tries to bite the
person performing the blood collection or the handler
(adapted from [54]).

The horse performs quick movements of the eyelids,

Blinking repeatedly opening and closing the palpebral fissure [55].
Sclera Exposure of the white sclera around the eye [56].

The horse sniffs around, it sniffs some areas of the restraint
Sniffing box or other objects (e.g., the halter hanged on the side of the

box) [47].

The horse drops its head and maintains it in an unsupported
Head dropping or passively sustained position for >5 s, with minimal or no

active neck muscle engagement; the head may be partially
supported by the lead rope or by a handler.

Human-horse interaction

Negative interaction

The handler beats or pulls the horse, puts the halter on the
horse violently and tightens it, or restrains the horse forcefully.

Positive interaction

The handler gently pats or scratches the horse.

Moreover, a random sample of 6 videos was independently reviewed by the senior author

(BP) and a member of the research team (MGA) to assess inter-observer agreement. After

reaching a good inter-observer agreement (all behaviours Cohen’s k > 0.640), all recordings

were analysed by a single trained observer (MGA), with expertise in animal behavioural
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analysis and previous experience in the behavioural assessment of horses [50,57]. Intra-
observer consistency was assessed by re-analysing a subset of the initial video recordings
(n = 6) on two separate occasions (all behaviours Cohen’s k > 0.695).

All 65 videos were analysed using a behavioural analysis software, namely Solomon
Coder (version beta 17.03.22), using a continuous focal animal sampling method [42]. As
a first step, a configuration was created reporting the developed ethogram in Solomon
language following standard procedure [58]. Behavioural states (i.e., demeanours) were
quantified as duration (s) and proportion of observation time (%), whereas behavioural
events were recorded as frequency (n). Demeanour was split into 4 categories, where
only BAR (bright, alert, responsive) was considered a normal status/response, in line
with the literature [46]. The other categories (i.e., aggressive, nervous/overresponsive,
depressed /non-responsive) were considered abnormal, and consequently indicators of
poor health and welfare. Although included in the ethogram, blinking behaviour was not
recorded because it could not be reliably assessed in a substantial number of videos due to
limited visibility of the eyes (e.g., forelocks covering the eyes, the head oriented away from
the camera, poor lighting conditions). Leg movements and vocalisations were recorded
whenever possible, although their assessment was often limited by obstruction from the
restraint box and background noise, respectively. When the mare was not visible (e.g.,
because the operator obstructed the view, the head was turned away, or it was obscured by
the restraint box structure), the observation was recorded as “out of view”. The latency to
the onset of the depressed /non-responsive demeanour and to the first occurrence of head
dropping behaviour were also recorded. In addition, the duration of each phase of the
blood collection procedure (i.e., waiting, head restraint, cannula insertion, blood draw, and
release) (Table S5) was taken and behavioural data combined by phase were recorded (i.e.,
frequency or duration of the behaviour within each phase).

A slightly modified FAS (Fear, Anxiety and Stress) score (0 = relaxed; 5 = severe
signs of FAS with aggression) (Table 4) was adapted from the original Fear Free FAS scale
for horses [59]. The original scale was supplemented with descriptors drawn from the
literature addressing behavioural indicators of stress and discomfort in horses [45,60,61],
especially during veterinary procedures [45,60]. In addition, the depressed, non-responsive
demeanour was added to scores 4 and 5, as it was considered a possible passive response
to severe stress in horses [45]. A FAS score was assigned to each phase to easily quantify
stress responses across the blood collection procedure. Moreover, an overall FAS score
was assigned to each video. As done for the other visual assessments, FAS scores were
cross-checked (inter-observer Cohen'’s k = 0.872; intra-observer Cohen'’s k = 0.947).

Table 4. Fear, Anxiety and Stress (FAS) scoring system (0-5) adapted from [45,59-61] used to quantify
behavioural stress responses during the blood collection procedure.

Category Score Description
> Relaxed standing rest
> Head, neck, and ears in neutral position, muscles relaxed, eyes soft,
RELAXED 0 normally responsive to environmental stimuli
> Solicits interaction, appears curious about and willing to interact with
handlers when approached
> Increased ear rotation, slightly raised neck, small hoof movements,
MILD/SUBTLE SIGNS 1 self-grooming behaviours
>  Might interact with the handlers, or appear curiously interested in
them
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Table 4. Cont.

Category

Score Description

MILD-MODERATE
SIGNS

> Frequent ear rotation, raised head and neck, increased tail
movements, increased restlessness and muscle tension

> Sporadic head and/or lips and mouth movements

> Reduced interest in interacting with the handlers, but without active
escape or avoidance behaviours

MODERATE SIGNS

> Frequent ear rotation, raised head and neck, whites of eyes showing,
snapping tail movements, increased restlessness and muscle tension
Looking around repeatedly
Frequent head (e.g., tossing, shaking, bobbing or jerking head)
and/or mouth and lips movements
3 > Freezing behaviour with reduced movement but increased full-body
muscle tension
> Unlikely to interact with the handlers and may begin showing restless
fidgeting or active avoidance and intolerance of procedures (e.g.,
moving away from the handler, fidgeting, stomping/pawing, head
shaking, rearing)

vy

SEVERE SIGNS OF FAS
WITHOUT AGGRESSION

> Ears pinned back, raised head and neck, whites of eyes showing,
increased respiration with dilated nostrils, snapping tail, restlessness
and full-body muscle tension, possibly distant calling (whinnying),
snorting, or blow vocalisations
> Avoidance of touch, constant fidgeting or stomping/pawing,
animated escape/avoidance behaviour such as pulling (back or
4 forward), rearing, bolting, barging
> Repetitive and/or continuous head (e.g., tossing, shaking, bobbing or
jerking head) and/or lips and mouth movements
Appears to ignore the handlers
Depressed or non-responsive demeanour, often with “zoned out”,
worried, or glassy-eyed staring facial expression, along with a
lowered, unsupported head position

Y v

SEVERE SIGNS OF FAS
WITH AGGRESSION

5 > All signs described for score 4 with active aggressive behaviours
directed towards handlers such as kicking, barging, or biting

Finally, the ratio between positive and negative human-horse interactions was cal-
culated to derive a new factor variable summarising the handling quality for each blood
collection procedure. Handling was classified as supportive when the number of positive
interactions exceeded the number of negative interactions, and as aversive in the oppo-
site case.

2.4. Statistical Analysis

Data from the pasture scenarios were not subjected to statistical analysis; each scenario
was only described qualitatively based on direct observations, and the observed characteris-
tics were reported. Data from the waiting time in the raceway and blood collection were
instead analysed using descriptive statistics. Stratified descriptive statistics were performed
for the blood collection procedure (by farm and phase) and for behavioural interactions
during the waiting time in the raceway before blood collection (by time). Numeric vari-
ables are reported as mean =+ standard deviation (SD), minimum (min), maximum (max),
median, and interquartile range (IQR) while categorical variables are reported as counts
and percentages. Descriptive statistics were performed using an online statistical software
(Statulatorbeta®, Sydney, Australia).

Waiting time in the raceway before blood collection
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All analyses were performed using a scan-level dataset (1 = 63). Exploratory Spearman
rank correlation analyses were performed among all numeric variables. The effects of
environmental and management-related factors on negative horse-horse interactions were
assessed using separate univariable generalised linear mixed models (GLMMs) with a
negative binomial distribution, including number of horses, pen crowding, and time as
fixed effects. To assess the effect of procedure type (handling vs. transfer) on negative
human-horse interactions and on horse avoidance responses towards humans, separate
negative binomial GLMMs were fitted. Group and farm were included as random factors
in all GLMMs to account for repeated observations within the same group (multiple scans
per group) and clustering of mares within farms.

Blood collection

Exploratory Spearman rank correlation analyses were performed among all numeric
variables.

To assess the effect of handling type (supportive vs. aversive) on FAS score, a cumu-
lative link mixed model (CLMM) was fitted using an ID-level dataset (n = 65) (i.e., one
summary observation per mare), with FAS score as the ordinal response variable.

In order to evaluate the effect of the different phases of the blood collection procedure
on FAS score and the duration of the depressed, non-responsive demeanour, a dataset
comprising five observations per mare, one for each phase of the procedure (n = 325), was
used. Mare ID was included as a random factor to account for repeated measurements
across the five phases for each individual. The effect of phase on FAS score was assessed
using a cumulative link mixed model (CLMM). The depressed, non-responsive demeanour
was specifically analysed in order to evaluate its evolution across the procedure. This was
intended to explore whether changes in its duration emerged with progression through
the procedure or were associated with specific more stressful phases. A GLMM with a
Tweedie distribution was used to account for zero-inflated continuous data, including a
log-transformed offset to account for differences in phase duration.

Farm was also included as a random factor to account for clustering of mares within
farms in all models.

Post hoc pairwise comparisons between phase levels were performed with Holm
adjustment for multiple testing.

All regression analyses were conducted in the R environment (R Version 4.4.3; www.r-
project.org; accessed on 30 July 2026). Results are reported with 95% confidence intervals
(CIs) and p-values, presented as odds ratios (OR) for the CLMMs, count ratios (CR) for the
negative binomial GLMMs, and rate ratios (RR) for the Tweedie GLMM. Overall significance
of the fixed effects was assessed using Likelihood Ratio Tests (LRTs). Observations with
missing values were automatically excluded from the analysis by the software. Significance
was set at p-values < 0.05.

3. Results
3.1. Pasture

The dataset included one scenario with a single individual, two scenarios with groups
of more than 30 horses, and two scenarios with groups of approximately 50 or more horses.
Groups were predominantly composed of mares with foals. The full descriptions of each
individual scenario are reported in Table S3.

3.1.1. ABMs

Across all observations, animals consistently seemed to show a generally good body
condition score (BCS ~ 3), with only isolated cases appearing closer to BCS 4. No severe
health issues were observed overall; however, in one mare, signs consistent with neck
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venipuncture-related injuries were detected. Mares were consistently observed in good
coat condition, with sleek and relatively shiny coats and no evidence of poor coat quality
or excessive soiling. Foals also showed dense, fluffy coats in good condition. Neverthe-
less, localized issues were observed, including severe mane and tail matting in several
individuals; notably in one group of approximately 30 horses (of which around 20 were
mares), 6-8 mares were affected (scenario 1). Almost all horses maintained social proximity
to conspecifics, with only one individual observed in social isolation (scenario 3). The
predominant behaviours observed included grazing and resting, often synchronised among
mares, with resting occurring both in standing posture and in sternal recumbency. Positive
social interactions were present in almost all group observations and included foal suckling,
allogrooming, and play behaviour between foals. Negative social interactions were rare but
included isolated attempted bites. Hoof condition was generally not assessable, with one
exception in which signs consistent with hoof neglect were observed, including overgrown
hind hooves. Mild hind-limb lameness was also observed in the same mare (scenario 3).
No other episodes of lameness were observed.

3.1.2. RBMs

Pasture conditions varied from average to good quality, generally characterised by
mixed green and yellow vegetation, often with flowering plants. Muddy areas were present
in some cases, including small flooded or poached zones, sometimes associated with adverse
weather conditions, while in other scenarios no muddy areas were visible. Scattered waste
material was very rarely observed, and only in a single instance (e.g., overturned buckets
and nylon fragments) (scenario 1). Water points and shelters were not visible in any of
the recorded scenarios. In some cases, adverse weather conditions (i.e., rain and strong
wind) were noted without immediate access to shelter. Fencing conditions varied between
scenarios, ranging from thin wire and nylon structures to more robust metal fencing in
good condition. In one scenario, no fencing was visible, and the pasture appeared to be
adjacent to a road based on the video footage.

3.2. Waiting Time in the Raceway Before Blood Collection
3.2.1. Facility Features and Waiting Area Conditions

Among the six farms for which videos of the waiting phase were available, only one
was an indoor facility, whereas in the remaining farms both the blood collection and sorting
procedures were conducted outdoors, with no shelters or shaded areas visible in the videos.
Ground was the only flooring available in all investigated facilities; however, out of the nine
groups of mares evaluated, only one was kept in a pen/raceway with a high level of mud.
Fences were mainly constructed of wood or metal. In some facilities (33.33%), the fences
and raceways were in good condition and did not pose any apparent risk to the mares,
whereas in the majority of the facilities (66.67%), potential hazards of varying type and
severity were identified, including sharp edges, tortuous raceways, and slippery flooring. In
addition, pens and raceways were almost always crowded (77.78%). Food sources were not
visible in any of the video recordings during the waiting time, whereas water was clearly
visible in 4 out of the 9 groups, all of which belonged to the same farm. Foals were present
in all the groups investigated. The full descriptive statistics of facility features and waiting
area conditions are reported in Table S6 and S7, respectively.

3.2.2. Waiting Times Before Blood Collection

The minimum waiting time averaged 35.1 + 28.3 min, reaching a maximum of 73 min,
whereas the average maximum waiting time was almost 3 h (166.2 + 59.9 min), ranging
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from 1 h 45 min in the fastest farm to approximately 4 h in the farm with the longest waiting
time. The mean waiting time per group was 100.7 + 43.9 min (1 h 40 min) (Table S8).

3.2.3. Horse-Horse Interactions

The univariable GLMM model showed a positive association between the frequency
of negative horse-horse interactions and the number of horses in the raceway (CR = 1.04,
95% CI: 1.01-1.07, p = 0.020). Pen crowding was also associated with negative horse-horse
interactions (p = 0.045); compared with low crowded pens, high crowding was associated
with a significantly higher frequency of negative interactions (CR = 2.25, 95% CI: 1.08—4.70,
p =0.031).

Time was not significantly associated with the frequency of negative horse-horse inter-
actions (p = 0.533) in the GLMM model; however, descriptive statistics showed that the
mean observed frequency of negative interactions was higher at the beginning of the proce-
dure, when more horses were present (Spearman’s correlation between number of horses
and time: p = —0.505, p < 0.001). Two additional peaks in the mean frequency of negative
interactions were observed after approximately two hours of waiting, at 135-140 min (mean
=9.33) and 180-185 min (mean = 11.50) (Table S9).

Positive horse-horse interactions were rarely observed (mean: 0.21 + 0.48 events per
scan; median = 0, IQR: 0-0).

3.2.4. Handling and Horse-Human Interactions

Positive human-horse interactions were rarely recorded (mean = 0.15 + 0.57 events
per scan; median = 0, IQR = 0-0).

The frequency of negative human-horse interactions differed significantly between
procedures (p = 0.021). Compared with normal handling (sorting mares, moving them to
the restraint boxes and separating mares from their foals), the transfer procedures were
associated with a significantly higher frequency of negative interactions (CR = 2.93, 95%
CI: 1.11-7.70, p = 0.029). However, it should be highlighted that only a limited number of
transfer observations were available (n = 5) compared with handling observations (n = 22).

The frequency of horse avoidance behaviours towards humans did not differ signif-
icantly between handling and transfer procedures (p = 0.439). However, a significant
positive correlation was observed between negative human-horse interactions and the
horse’s avoidance responses during handling (Spearman’s p = 0.455, p = 0.003).

Overall descriptive statistics of behavioural variables recorded during the waiting
period in the raceway before blood collection, together with the number of horses present
during observations, are reported in Table S10.

3.3. Blood Collection
3.3.1. Compliance Score (CS) and Good Practices

The mean CS was 5.18 + 1.43, with scores ranging from 2 to 9 (out of a maximum
possible score of 12). Most blood collection procedures (69.2%) demonstrated a medium
level (CS 5-8) of compliance with the checked SOPs for equine blood collection. Only
one procedure achieved a high level of compliance (CS 9-12) (Table S11). Farm 3 had the
highest observed median CS (median = 6), whereas Farm 4 showed the lowest (median = 3)
(Table S12).

Analysis of individual checklist items revealed several recurrent deficiencies. The most
frequent were the use of restraint facilities that did not comply with safety standards (100%)
and the failure to apply sterile gauze and maintain pressure at the venipuncture site to
minimise bleeding immediately after blood collection (100%). In addition, in 46 cases the
procedure was not interrupted when horses showed severe signs of FAS.
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Although the venipuncture site was disinfected in 78.5% of procedures, cleaning
after clipping (when performed) was not observed from the videos. A topical anaesthetic
appeared to have been applied in all procedures; however, personnel were observed to wait
at least 1 min for the anaesthetic to take effect in only 12.9% of cases. Sterile needles were
observed being opened immediately before the blood draw in 14 procedures out of 65. All
procedures were completed within the 30 min limit. However, in 40% of cases the required
materials had not been prepared in advance and personnel were not ready to begin the
procedure when the mare entered the restraint box.

Finally, head restraint during site preparation was applied in all observed procedures
and horses never had access to food during blood collection.

The full descriptive statistics of checklist items related to adherence to SOPs for equine
blood collection is reported in Table 513.

3.3.2. Handling

Handling was described as supportive in almost half of the analysed blood collection
procedures (49.2%) and as aversive in the remaining half (50.8%). Both handling types
were represented in all farms, with a relatively balanced distribution of cases in most of
them. However, Farm 4 was characterized predominantly by supportive handling, whereas
Farm 6 was characterized predominantly by aversive handling (Figure 1). Handling type
had no significant effect on FAS score (LRT p = 0.91) (Figure 2).

HANDLING TYPE BY FARM

Farm 1

Farm 2 Farm 3 Farm 4 Farm 5 Farm 6

W Supportive M Aversive

Figure 1. Frequency (n) of supportive and aversive handling type (i.e., ratio between positive
and negative human-horse interactions) during the blood collection procedures stratified by farm.
Handling was classified as supportive when the number of positive interactions exceeded the number
of negative interactions, and as aversive in the opposite case.
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BLOOD COLLECTION PROCEDURES (%)

FAS SCORE BY HANDLING TYPE

m 5-SEVERE SIGNS OF FAS WITH
AGGRESSION

m 4-SEVERE SIGNS OF FAS WITHOUT
AGGRESSION
3-MODERATE SIGNS

2-MILD-MODERATE SIGNS

1-MILD/SUBTLE SIGNS

15.6 30.3
m 0-RELAXED
9.4
3.0
SUPPORTIVE AVERSIVE

HANDLING TYPE

Figure 2. Proportion (%) of Fear, Anxiety and Stress (FAS) scores observed in mares during the
entire blood collection procedure, stratified by handling type (supportive vs. aversive). Handling
was classified as supportive when positive human-horse interactions exceeded negative interactions,
and as aversive in the opposite case.

3.3.3. Phases Duration

The blood collection procedure lasted on average approximately 8 min, from the mare
entering the restraint box to release, reaching a maximum of about 15 min (Table 5).

Table 5. Overall descriptive statistics of the duration (s) of the different phases of the blood collection
procedure.

Variable Name Mean SD Min Max Median 1st Q 3rd Q
Phases (Duration)

Waiting (s) 79.3 76.3 15.4 388.8 51 284 102.6
Head restraint (s) 87 74.3 26.8 378.4 55.8 414 97.2
Cannula insertion (s) 41 474 6.2 271 31 13.8 514
Blood draw (s) 253.4 80.6 124 4704 237 191.6 289
Release (s) 39.3 25.7 15 174 30.2 252 46.6
Procedure duration (s) 499.9 125.2 312.2 925 4934 390.6 5724

The longest part of the procedure was the blood draw, accounting on average for
51.9% of the total procedure duration, with a mean duration of approximately 4 min and
a maximum duration approaching double this value. The waiting phase and the head
restraint phase also represented a substantial proportion of the procedure (15.2% and
16.9%, respectively) (Table 5). However, there was high variability among farms, with
Farm 2 showing particularly long waiting phases compared with the others (193.2 £ 75.3 s)
(Figure 3). Cannula insertion was generally rapid but extended to approximately 4.5 min
in the slowest case (Table 5). The full descriptive statistics of the duration of the different
phases of the blood collection procedure stratified by farm are reported in Table S14.
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Figure 3. Mean duration (s) of the different phases of the blood collection procedure across farms.
Error bars represent standard deviation (SD).

3.3.4. FAS (Fear, Anxiety and Stress) Score

The majority of the mares (56.9%) were assigned an overall FAS score of 4 out of 5,
indicating severe signs of FAS without aggression during the blood collection procedure
(Figure 4). The mean overall FAS score was 3.78 + 0.76. Episodes of aggression directed
towards the handler or farm personnel (FAS score = 5) were recorded in 13.9% of the mares.
Notably, no mare was assigned an overall FAS score of 0 or 1, whereas only 4 out of 65
mares (6.2%) were classified as showing mild to moderate signs of FAS (FAS score = 2)
(Figure 4).

FAS SCORE

W 5-SEVERE SIGNS OF FAS WITH
AGGRESSION

m 4-SEVERE SIGNS OF FAS
WITHOUT AGGRESSION
3-MODERATE SIGNS

2-MILD-MODERATE SIGNS

m 1-MILD/SUBTLE SIGNS

0-RELAXED

23.08

BLOOD COLLECTION PROCEDURES (%)

6.15

Figure 4. Proportion (%) of Fear, Anxiety and Stress (FAS) scores observed in mares during the entire
blood collection procedure.
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BLOOD COLLECTION PROCEDURES (%)

The CLMM showed a significant effect of the phase on FAS score (LRT p < 0.001). All
active phases (i.e., from head restraint to release) differed significantly from the reference
category (waiting), with the strongest effect observed for blood draw (OR = 9.91; 95%
CI: 4.8-20.5; p < 0.001), followed by head restraint (OR = 3.47; 95% CI: 1.7-7; p < 0.001),
cannula insertion (OR = 3.22; 95% CI: 1.6-6.5; p = 0.001), and release (OR = 2.22; 95% CI:
1.1-4.5; p = 0.026) (Table S15). The estimated odds of a higher FAS score during blood
draw were approximately 10 times those during the waiting phase, indicating an increase in
behavioural signs of stress, fear and anxiety during this phase compared with the reference.
Furthermore, the blood draw phase was associated with consistently higher FAS scores
compared with all other phases (all p < 0.05) (Figure 5).

*
T 1
* Kk *k
I 1
**
1
*
T 1
* k% * k%
r 1T 1
W5 - SEVERE SIGNS OF FAS WITH AGGRESSION
M 4 - SEVERE SIGNS OF FAS WITHOUT
AGGRESSION
3 - MODERATE SIGNS
2 - MILD-MODERATE SIGNS
3941
1 - MILD/SUBTLE SIGNS
44.6
m 0 - RELAXED
55.6 52.5
15.6
. 3.1
10.9 :
33 e
WAITING HEAD CANNULA BLOOD RELEASE
RESTRAINT COLLECTION
PHASE

Figure 5. Proportion (%) of Fear, Anxiety and Stress (FAS) scores observed in mares stratified by the
different phases of the blood collection procedure (waiting, head restraint, cannula insertion, blood
draw, release). Asterisks indicate significant differences between phases according to the cumulative
link mixed model (CLMM): * p < 0.05; ** p < 0.01; *** p < 0.001.

3.3.5. Ethogram Results

The full descriptive statistics of horses’ behavioural responses (including behavioural
states and events) during the blood collection procedure are reported in Table S16. Descrip-
tive statistics for demeanours and selected behavioural events, stratified by the different
phases of the blood collection procedure, are reported in Tables S17 and S18, respectively.

Mares spent most of the blood collection procedure displaying a nervous demeanour
(80.6 + 24.7%), consistently across all five phases. Overall, a BAR demeanour was rarely
observed, but when present it occurred primarily during the waiting and release phases,
accounting on average for 14.3% (£ 3.4) and 8.6% (& 2.7) of the respective phase durations
(Figure 6). An aggressive demeanour was also rarely observed overall and showed marked
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inter-individual variability (0.6 &+ 2.5%). It was never recorded during the waiting phase
and occurred predominantly during the active handling, reaching its highest mean relative
duration during the release phase (3.4 + 1.5%) (Figure 6). Figure 6 also shows the mean
relative duration of the depressed, non-responsive demeanour across phases. The Tweedie
GLMM revealed a significant effect of phase on this behavioural state (LRT p < 0.001).
Compared with the waiting phase, all subsequent phases were associated with a significantly
higher rate of depressed, non-responsive demeanour (all p < 0.05) (Table S19). Notably, the
mean latency of head dropping behaviour (223.8 & 151.6 s) and depressed /non-responsive
demeanour (201.7 £ 117.9 s), when considered in relation to the average duration of the
phases, fell between cannula insertion and blood draw phases. The shortest recorded
latency for the onset of depressed-like behaviours was 52.8 s, indicating that in some mares
the non-responsive demeanour occurred within less than one minute from the start of the
procedure.

DEMEANOUR BY PHASE
100%
90% I
80%
70%
60%

Depressed, non-responsive

50% W Aggressive

Duration (%)

40% Nervous, over-responsive
M Bright, alert, responsive (BAR)
30%

20%

N .
=
Waiting Head restraint Cannula Blood Release
insertion draw

Figure 6. Relative durations (%) of mares’” demeanour during the different phases of the blood
collection procedure.

Aggressive behavioural events such as attempts to bite or biting were infrequent
(0.22 £ 0.60 events per horse), with most mares showing no occurrences (median = 0; range:
0-3). Avoidance behaviours were more commonly observed, although with marked individ-
ual variability (9.48 £ 7.87 events per horse), with the highest observed frequency during
the head restraint phase (2.71 + 4.00 events; maximum = 25). Escape behaviours were
uncommon overall (0.82 + 1.64 events per horse), although some mares showed repeated at-
tempts to exit the restraint box (maximum = 10). Other escape-related behaviours were also
observed with high frequencies in some mares, including pulling back (3.85 £ 5.12 events
per horse; median = 2; range: 0-28) and pulling forward (1.78 £ 3.60 events per horse;
median = 0; range: 0-18). The most frequently observed behaviour was sclera exposure
(Figure 7), with particularly high frequencies during the blood draw (9.07 + 1.27 events
per horse) (Table S18).
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BEHAVIOURAL EVENTS RECORDED DURING THE BLOOD COLLECTION PROCEDURE

Sclera

Avoidance behaviours
Lips movements
Nose Flicking
Licking/Chewing
Pulling back

Sniffing

Pulling forward

Head tossing

Legs movements
Head dropping
Snorting

Escape behaviours
Whinnying

Head shaking
Attempt to bite or biting

Wood chewing

Squealing

Yawning

o
N
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Mean frequency (n)

Figure 7. Bar plot showing the overall mean frequency (1) of behavioural events recorded in mares
throughout the entire blood collection procedure.

Moderate positive correlation was observed between the overall FAS score and the
following behaviours: sclera, mouth and lip movements, and attempt to bite or biting
(Spearman'’s p = 0.4 for all behaviours; all p < 0.05).

4. Discussion

This study represents the first attempt to systematically describe management prac-
tices and mare behaviour throughout the eCG production cycle in a sample of Icelandic
farms using a video-based analysis. We investigated associations between handling quality,
management conditions and mares’ behavioural responses across different phases of the
blood collection procedure to identify production stages associated with greater welfare
challenges in this unique system [2]. Our findings supported the hypothesis that the blood
collection procedure, particularly during more invasive handling phases, would be asso-
ciated with increased fear- and stress-related behavioural responses, and that prolonged
waiting times and higher pen crowding during the pre-collection period would be associ-
ated with increased aggressive behaviours among mares. As expected, the pasture-based
management showed satisfactory overall behavioural and health outcomes. However, our
findings should be interpreted in light of the limitations of the study material. The analysis
relied exclusively on publicly available footage published by an animal welfare organisa-
tion, which may have introduced selection bias if recordings were selected to document
particular management practices or situations of animal welfare concern. Although the
videos appeared to be minimally edited, the selection criteria used by the organisation and
the circumstances in which the recordings were made could not be independently verified.
Furthermore, the study covered only six farms, and the findings should be considered
preliminary and require confirmation. However, this is the first study documenting the
procedures, giving simple descriptive data, including their average duration and mares’
behavioural responses, thereby increasing our knowledge of this debated topic.
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From the small number of analysed videos, the mares observed on pasture gener-
ally presented favourable welfare indicators. The majority of the mares indeed showed
appropriate body condition, good coat quality, and displayed positive behavioural indica-
tors, including synchronised grazing and resting behaviours, as well as affiliative social
interactions with conspecifics, which may reflect positive social functioning and welfare
conditions [40,62-64]. No widespread evidence of serious health problems was observed,
further supporting the view that pasture-based systems may promote good welfare when
appropriate husbandry practices are implemented [22,23,26,65]. Indeed, such systems
require careful and proactive management, including the provision of adequate shelter and
nutrition, access to essential resources, and routine health monitoring [2,23]. However, wel-
fare conditions can vary considerably among eCG production facilities and should therefore
be assessed on a farm-by-farm basis using trained assessors [2]. In our video-based obser-
vations, water points and shelter structures were not visible in any of the recorded footage.
However, given the restricted field of view inherent to this type of video-based assessment,
the absence of visible water points and shelter structures should not be interpreted as
evidence that these resources were absent from the pasture. Nevertheless, reliable access
to shelter from adverse weather conditions is a recognised welfare requirement for horses
kept outdoors [26,66], and notably, no shelter structures were visible in the proximity of
the mares during two pasture scenarios characterised by active rainfall and strong wind. In
the absence of accessible shelter, horses may rely partly on behavioural buffering strategies,
such as forming tightly clustered groups, which could contribute to mitigating thermal
discomfort [27,67]. Fencing represented a more tangible concern, with one pasture directly
bordering a road, posing a potential safety risk [20]. More localised findings included
cases of pronounced mane and tail matting and sporadic hoof neglect. This may reflect the
practical challenges of monitoring individual animals within large, extensively managed
groups [68], highlighting the importance of regular supervision, as also recommended in
Icelandic welfare guidelines [32]. Mild lameness was also observed in the same individual
showing hoof neglect. However, it could not be determined whether this was indicative of
an underlying problem or a consequence of excessively long hooves. These findings should
be interpreted with caution, as video-based observations cannot replace a comprehensive
on-farm welfare assessment and pasture conditions could only be evaluated during a sin-
gle season (August). Furthermore, as the footage was produced by animal welfare NGO,
close-up views may have focused on situations perceived as welfare concerns. Despite
these limitations, the overall findings suggest that pasture-based management appears to
represent a comparatively lower-risk stage of the production cycle in Iceland than the blood
collection procedures [2].

From the videos of the waiting time before blood collection, some welfare concerns
were also identified. Potential hazards of varying types and severity were observed in the
areas where mares and foals are temporarily kept prior to blood collection (i.e., holding
pens and raceways), including sharp edges, tortuous raceway layouts, and slippery flooring,
which may result in an increased risk of injury [69]. Conversely, some facilities were found
to be in excellent condition, with safe design features aimed at minimising potential risks.
However, only one facility provided indoor waiting areas, whereas all others kept mares
outdoors without access to shelters during the waiting period before blood collection.
Although heat stress is unlikely to represent a major concern under the Icelandic climatic
conditions, shelter provision may still be beneficial to protect mares from adverse weather,
such as strong winds and heavy precipitation [70]. In warmer eCG production systems,
such as those located in South America [29], shade and shelter may also be important to
mitigate heat stress risk [69].
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Mares waited an average of more than an hour and a half from entering the holding
pen until blood collection began, and up to nearly four hours in the slowest farm. During
this period, feed was not visible in the recorded footage, and access to water could only be
confirmed on one farm; however, it should be considered that these resources may have been
available outside the camera field of view. Prolonged confinement with potentially limited
access to feed and water may lead to welfare consequences which may exacerbate the acute
stress associated with blood collection [2,21,69]. This consideration may be particularly
relevant for donor mares, as repeated handling procedures occur throughout pregnancy
and lactation, a physiologically demanding period during which cumulative exposure to
multiple stressors may represent an additional welfare challenge [2,71]. Although in our
study elapsed waiting time itself was not statistically associated with negative horse-horse
interactions, descriptive patterns show peaks after prolonged waiting, despite the small
number of horses remaining in the group by that stage. This may also be related to the
progressive removal of mares for blood collection, which may alter group social dynamics,
as changes in group composition have been associated with increased aggressive behaviours
in managed horses [72]. Nevertheless, pen crowding was significantly associated with ag-
gressive behaviours among horses as reported in previous studies [72-74]. Notably, peaks
in aggressive interactions also occurred early in the waiting period, when group size was
largest. Management strategies should focus on optimizing pen design, minimising unnec-
essary waiting times, maintaining appropriate stocking densities during the pre-collection
period and avoiding mixing unfamiliar animals [69]. Managing group size and composition
may help avoid excessive pen crowding and contribute to reducing waiting times, ultimately
reducing group stress and episodes of aggression [69,72]. Currently, Icelandic guidelines
recommend limiting the number of mares gathered at any one time, with a maximum of
75 mares (with foals) per blood-collection group [32]. Providing suitable protection from
adverse weather conditions and ensuring access to essential resources, such as water and
feed, is crucial to further support mare welfare during the pre-collection period [69,75].

Moving large groups of mares between holding areas was associated with a threefold
higher rate of negative interactions than driving individual mares to the restraint box, sup-
porting the recommendation that handling animals in smaller groups facilitates movement
and reduces the need for aversive handling methods [76]. However, this finding should be
interpreted with caution, as the number of observations available for transfer procedures
was low compared with other handling practices. Furthermore, differences in group size
may have contributed to the observed pattern, and the relative contribution of these factors
could not be distinguished in our analysis. Inappropriate handling was also frequently
observed when separating mares and foals and during sorting procedures within the race-
way, including pushing mares into corners, chasing animals, and, in some cases, more
forceful handling, although considerable variability among farms was observed. Aggres-
sive responses towards handlers were never observed, consistent with horses’ prey-animal
behaviour, which relies primarily on avoidance and flight rather than aggression [77]. These
practices were instead positively correlated with mares’ avoidance responses, although cau-
sation cannot be established from our analysis. According to low-stress handling principles,
when animals become crowded, handlers should facilitate movement by encouraging the
lead animals to move rather than applying pressure from behind, while avoiding chasing
behaviours [76,78]. Ensuring adequate staff training and competence is therefore essential
to promote appropriate handling practices and minimise negative human-horse interac-
tions [19,21]. Positive interactions were rare throughout the observations, consistent with
previous findings that maintaining positive human—animal interactions becomes more
challenging as the number of animals per stockperson increases [79]. However, this may
underestimate the quality of handling to some extent, as only clear affiliative behaviours
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(e.g., patting or scratching) were recorded as positive. Other signs of appropriate handling,
such as calm pacing, correct positioning, and release of the pressure following the desired
behaviour [76,78], were not classified as positive interactions and may therefore have been
underestimated.

Regarding the blood collection phase, overall compliance with SOPs for equine blood
collection [4,33,43] was moderate. However, it may have been underestimated to some
extent, as a score of zero was assigned both to procedures that were not performed and
to those that were not visible in the recordings. In particular, compliance with aseptic
procedures and the use of sterile equipment could not always be reliably assessed from
the videos and therefore requires further verification through on-site assessments. Among
the main concerns identified, restraint facilities did not meet the recommended safety
standards, sterile gauze and post-venipuncture pressure to minimise bleeding were never
used, and blood collection was not interrupted when mares showed severe signs of FAS.
Failure to adapt the procedure to mares’ behavioural responses may increase the likelihood
of injury to both the animals and the handlers [44], particularly in inadequately designed
restraint facilities [2], while the lack of post-venipuncture pressure may increase the risk of
prolonged bleeding and local vascular complications such as thrombophlebitis [80]. It is
also worth noting that handling practices during the blood collection varied considerably
among farms. Negative interactions were observed particularly during halter positioning
and head restraint, including some mares being tied very short and high, maintaining
their heads in an elevated position for prolonged periods. Such restrictive restraint may
limit natural head and neck movements and increase physical and psychological stress,
particularly when prolonged [81]. However, contrary to our initial hypothesis, handling
practices were not associated with FAS scores in our study. This may partly reflect the fact
that we considered interactions such as facial scratching and petting as positive, which—
although well-intended—may not always be perceived positively by unbroken or lightly
trained mares [2] unaccustomed to close human contact, potentially eliciting increased
avoidance or stress responses [54,82]. Further studies specifically assessing the relationship
between handling practices and behavioural and stress responses during blood collection
are therefore warranted.

Although the blood collection procedure was relatively brief (approximately 8 min
from entering the restraint box to release), most mares exhibited moderate to severe signs of
fear, anxiety, and stress, with some individuals also displaying overt aggressive behaviours.
As expected, no mares were classified as relaxed or showing minimal stress responses
(FAS = 1) across the entire blood collection, consistent with the veterinary nature of the
procedure [83] and the limited-handling status of the mares [54,84,85]. Notably, consid-
erable variation in the duration of specific procedural phases was observed among farms,
with prolonged waiting and head-restraint phases potentially extending mares” exposure
to stressful conditions. Ensuring that personnel and materials are prepared before mares
enter the restraint box may reduce unnecessary delays and minimise stress associated with
prolonged restraint and handling [69,75,86]. FAS scores increased significantly during every
active phase compared with the waiting period. The blood draw itself was the longest phase
and was associated with the highest FAS scores, as expected. However, this association
may relate more closely to how the procedure is performed—including the method of
head restraint, the equipment used, and the veterinarians’ handling skills—rather than to
blood collection itself. As feed was never provided during the observed procedures, and
positive-reinforcement and preparatory training can reduce fear and stress associated with
veterinary procedures, further research should investigate whether offering feed during
blood collection and training mares to cooperate through positive reinforcement could
reduce their stress responses [44,87].
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Notably, in no case was the procedure interrupted even when mares exhibited se-
vere signs of FAS, including a depressed-like demeanour, despite Icelandic guidelines
recommending discontinuation if blood collection causes the mare distress or compromises
her welfare [32]. A subdued demeanour and reduced responsiveness to environmental
stimuli were considered potential indicators of compromised welfare. Previous research
has described withdrawn behaviour and reduced environmental responsiveness in horses
exhibiting a depression-like behavioural profile using behavioural observation [88]. Subtle
stress- and fear-related behaviours, such as sclera exposure and mouth and lip move-
ments [45,89], were frequently recorded during the blood collection procedure, and their
occurrence was positively correlated with FAS scores. Although less overt than behaviours
such as avoidance movements or escape attempts, they may provide valuable additional
information about the mare’s behavioural state and should therefore be considered when
monitoring responses to blood collection. Our findings represent a preliminary step towards
identifying observable behavioural indicators that could contribute to the development of
more objective criteria for interrupting blood collection. This is particularly relevant because
current Icelandic guidelines do not specify precise behavioural or physiological thresholds
for determining when interruption is warranted [32]. Future research could therefore
investigate whether the frequency or recurrence of specific behaviours, including more
subtle behavioural signs and FAS score, could be used to establish practical thresholds to
guide veterinarians in deciding when a procedure should be discontinued. Further studies
are needed to explore these associations in greater depth, identify appropriate behavioural
thresholds, and validate their usefulness in clinical practice.

In line with this precautionary approach, Icelandic guidelines also limit each veterinar-
ian to a maximum of three mares undergoing blood collection simultaneously and require
a person to be present next to each mare at all times, ready to intervene if assistance is
needed [32]. Compliance with this limit could not be assessed in our analysis, as each video
focused on a single individual. However, in some cases, no personnel were visible next to
the mare during blood collection; nevertheless, due to the framing of the videos, it could
not be determined whether a person was present nearby but outside the camera’s field of
view. Cannula insertion was generally quick (less than 1 min). Although blood collection
in Iceland can only be performed by veterinarians [32], insertion was prolonged and dif-
ficult in some cases, with frequent expressions of stress-related behaviours and repeated
avoidance attempts by the mares requiring repeated approaches. These may contribute to
generating an “avoidance cycle”, potentially prolonging handling and increasing overall
stress [90], further highlighting the need for trained and experienced personnel [2], as well
as effective oversight to ensure that appropriate handling practices are consistently followed.
This difficulty may also reflect reduced venous accessibility or local vascular changes as-
sociated with repeated catheterisation, including inflammation or phlebitis, which may
impair venous flow and make subsequent catheterisation more difficult [80]. Although
these conditions could not be confirmed in the present study, their possible occurrence
highlights the value of assessing jugular vein condition before blood collection (e.g., via
ultrasound [85]), potentially reducing the need for repeated attempts.

The occurrence of a depressed-like, non-responsive demeanour increased significantly
after the head restraint. This response, also previously reported by NGOs [28,29], typi-
cally emerged between the cannula insertion and the blood draw phases. In the literature,
such behaviour has been reported as a reactive coping strategy, characterised by reduced
behavioural responsiveness, shutdown or freezing, but potentially more pronounced physi-
ological stress responses [91,92]. Fatigue associated with blood collections, as reported in
previous studies, may also explain these responses in some individuals [93]. However, in
our case, some mares showed these responses shortly after the procedure began. This early

https://doi.org/10.3390/vetscil3111161


https://doi.org/10.3390/vetsci13111161

Vet. Sci. 2026, 13, 1161

24 of 29

onset might also be interpreted as a sign of learned helplessness, whereby repeated expo-
sure to an unavoidable stressful procedure may reduce active resistance despite continued
distress [94,95]. In our opinion, non-responsive horses should not be confused with a calm
animal used to the procedure.

As mentioned above, our findings should be considered preliminary and interpreted
with caution as the study has several limitations. One of the most important limitations
is that our study relied exclusively on a small number of videos published by an animal
welfare organisation, covering procedures conducted on six farms, with a possible selection
bias. Therefore, the findings should not be generalised until further confirmation. Moreover,
the use of video recordings represents another important limitation [96]. Some welfare
indicators could not be assessed reliably from video footage, such as BCS, which in horses
requires physical palpation [40]. In addition, some relevant procedural details could also
not be verified due to poor visibility or because they occurred outside the camera’s field of
view, potentially leading to an underestimation of compliance with SOPs. Despite these
limitations, this study provides an objective and quantitative description of blood collection
procedures and associated management practices in the recorded Icelandic mares, including
the first numerical evidence on procedure duration, behavioural responses, and stress-
related indicators during the procedure. These preliminary findings provide a basis for
evaluating current practices and identifying areas of concern, and guiding future research.
Further studies involving direct on-farm assessments performed by trained assessors and
long-term monitoring of mares across repeated collection cycles are needed to confirm our
findings and assess the consistency of these observations across a broader range of farms
and procedures.

5. Conclusions

Our preliminary findings indicate that potential welfare challenges in the sample of
analysed eCG farms in Iceland are not uniformly distributed across the different phases.
Despite the limited number of videos available and the possible selection bias, mares
generally exhibited favourable welfare indicators while on pasture and more stress-related
indicators during the blood collection. In the observed videos, the main challenges emerged
during the management procedures associated with blood collection, including prolonged
waiting, overcrowding, restraint, and blood draw. Mares waited over 1.5 h on average in
the raceway or holding pen before blood collection, with waiting times reaching nearly
4 h on the slowest farm, and pen crowding was associated with increased aggressive
behaviour among horses. Despite Icelandic guidelines recommending discontinuation
if blood collection causes the mare distress or compromises her welfare, the procedures
were never stopped when mares showed severe signs of FAS. Specific training must be
provided to enable the early recognition of such signs, and further studies are needed to
identify and validate the stop criteria. Other widespread shortcomings across the analysed
farms included restraint facilities that posed potential risks of injury and the absence of
sterile gauze and post-venipuncture pressure immediately after the blood draw to minimise
bleeding. Additionally, to avoid delays and minimise prolonged confinement, personnel and
equipment should be fully prepared before the mare enters the restraint box. In particular,
prolonged and unnecessary periods of waiting with the head restrained must be avoided.

Even though related to a small sample of Icelandic farms, our preliminary data em-
phasise the need to assess donor mare welfare throughout the eCG production cycle. The
development of a comprehensive welfare assessment protocol, encompassing both pasture-
based management and blood collection procedures, is therefore recommended to enable
systematic data collection and provide a more objective and integrated understanding of
welfare variation across management conditions in donor mares.
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PMSG  Pregnant Mare Serum Gonadotropin

eCG Equine Chorionic Gonadotropin
FAS Fear, Anxiety and Stress
NGO Non-Governmental Organisation

MAST  Icelandic Food and Veterinary Authority
EFSA European Food Safety Authority

ABM Animal-Based Measure

RBM Resource-Based Measure

BCS Body Condition Score

SOP Standard Operating Procedure

cSs Compliance Score

CLMM  Cumulative Link Mixed Model

GLMM  Generalised Linear Mixed Model

CI Confidence Interval
CR Count Ratio
RR Rate Ratio

LRT Likelihood Ratio Test
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