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Abstract 
Many New Zealand equine owners/stud managers rely on body condition to adjust feed supply for weight management, rather 
than objective weigh scales. This cohort observational study examined the inter-relationship of pasture supply with monthly BCS 
and live weight (LW) in three groups (n = 7, 8, 9) of grazing-horses of median 6/9 BCS (range 4-8). Dry-matter (DM) intake was 
estimated from weekly pasture mass (using rising-plate meter), monthly pasture cuts, and fortnightly LW records. Total pasture 
DM at the start of grazing ranged from 559 to 3511 kg DM/ha, and grazed lawns (nutritive areas) ranged from 364 to 2601 kg DM/
ha.  Total estimated DM offered (including hay when offered) ranged from 1.46 to 26.37 kg DM/horse/day (0.3% to 5.3% of horses 
LW). Within-horse maximum monthly gains and losses were 8% LW and -13% LW respectively. Median monthly BCS change 
was 0/9 (range -2/9 to 1/9). There was no significant association between monthly changes in LW and BCS, indicating BCS may 
lack the sensitivity to manage weight. During periods of reduced DMI (below estimated maintenance) there were no significant 
decreases in LW or BCS. These data implied that the horses may have altered transit time to improve the relative digestibility of 
the limited feed on offer. 
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Introduction
In New Zealand, horses are predominately maintained 

at pasture year-round which often makes it difficult to 
precisely quantify feed supply and feed demand.  Both 
managers of commercial properties and recreational owners 
tend to assess nutritional requirements using body condition 
score (BCS) rather than live weight (LW) (Fernandes et al. 
2014; Goh et al. 2020; Rogers et al. 2017b). However, there 
may be a lack of sensitivity to weight loss when using BCS 
as it is only an estimate of subcutaneous fat stores. Studies 
have shown some BCS assessment areas may have a better 
representation of overall weight changes compared with 
other areas, and short-term changes in weight may not be 
reflected in a change in BCS as visceral fat may be mobilised 
more rapidly than subcutaneous fat (Dugdale et al. 2010; 
Dugdale et al. 2012; Suagee et al. 2008). Owners can also be 
subjective, and lack precision in their estimation of weight 
loss and BCS, with 37% of owners of obese horses (as 
judged by researchers) reporting they were not overweight 
(Wyse et al. 2008), and only 11% of professional and non-
professional horse owners able to recognise overweight 
horses from photos (Morrison et al. 2017).  

Catalano et al. (2019) reported that Thoroughbred 
horses had an average difference of 26 kg (4.9% LW) 
between BCS when using the Henneke et al. (1983) nine-
point scale (1/9 = emaciated, 9/9 = obese), compared to 8 
kg (6.8% LW) for miniature-type and 15 kg (3.2% LW) for 
saddle-type horses.  Other authors have reported a similar 
range of 2.8-4.6% LW difference between BCS amongst 
various horse-types, equating to 10-39 kg LW (Martinson 
et al. 2014; Catalano et al. 2016). Using a 0-5 BCS scale 
Carroll & Huntington (1988) estimated a similar 25-30 kg 
LW difference between 0.5 BCS (equating to 1 BCS in the 
scale of Henneke et al. (1983)) for horse-types.

New Zealand Thoroughbred and Standardbred 
broodmares are frequently maintained on pasture and 
conserved forage alone, with minimal concentrate-feed 
supplementation (Rogers et al. 2007). For these type of 
horses (500-600 kg LW) maintenance requirements should 
be met with a daily dry matter intake (DMI) of 1.5-2% 
LW, and DE of 69-84 MJ/day (NRC 2007). Voluntary 
DMI can be increased in individuals and in response to 
environmental conditions but is usually within the range of 
2-3% LW (Chavez et al. 2014; Grace et al. 2002; Ringmark 
et al. 2013). Standardbred horses are able to maintain body 
condition under restricted pasture levels with minimal 
supplementation, implying higher feed conversion 
efficiency (Rogers et al. 2017a; Rogers et al. 2020), and 
may be termed a thrifty phenotype.  Even under commercial 
management conditions horses exhibit selective grazing 
behaviour, establishing lawns (nutritive areas) and avoiding 
roughs (eliminative or latrine areas with high density of 
faeces).  On New Zealand commercial farms, establishment 
of lawns and roughs has been reported, with Standardbred 
mares having lawns with post-grazing mass of 1000 kg DM/
ha.  Thoroughbred farms typically do not graze the pasture 
as low as Standardbred farms with lawns of 1300-1800 kg 
DM/ha (Bengtsson et al. 2018; Rogers et al. 2007; Rogers 
et al. 2020).  Once the pasture mass of the lawns drops 
under 1500 kg DM/ha there appears to be less reluctance 
from weanling horses to consume some areas in the roughs 
(Rogers et al. 2018).  Under higher stocking densities (5.2-
5.6 horses/ha) Standardbreds have been observed to graze 
these areas equally despite hay offered ad lib., thereby 
maintaining a low, even pasture (Medica et al. 1996).

This two-year observational study aimed to examine if 
there was a significant relationship between BCS, LW and 
estimated DM intake in a cohort of non-commercial horses 
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kept intensively at pasture, observing and accounting for 
their selective grazing behaviour. 

Materials and methods
This observational study was conducted from August 

2017 until August 2019 at the Massey University Veterinary 
Large Animal Teaching Unit, a farm comprising 57.92 ha 
(effective 42.1 ha) of flat to rolling river terrace utilised 
for keeping herds of grazing animals for the purposes of 
teaching. The soil type of the farm was predominately 
Tokomaru silt loam. The paddocks utilised by horses were 
a mix of grass species (predominately perennial ryegrass 
(Lolium perenne), but also cocksfoot (Dactylis glomerate), 
fescue (Festuca arundinacea), browntop (Agrostis 
tenuis), meadow grass (Poa trivialis)), white clover 
(Trifolium repens), red clover (Trifolium pratense) and 
weeds (typically dock (Rumex obtusifolius) and buttercup 
(Ranunculus repens)). There was a standard annual fertiliser 
application to all accessible paddocks (30% potash super, 
Ravensdown) applied at a rate of 450 kg/ha in April 2018 
and January 2019. 

Twenty-four horses (19 Standardbred, three 
Thoroughbred, one Kaimanawa, and one Stationbred), 
comprising of 14 mares and 10 geldings, were managed 
in three consistent groups based on their routine use for 
different teaching activities (n=7, 8, and 9 for G1, G2 and 
G3 respectively) (Guinnefollau et al. 2020). The horses 
were 13±4 years at the start of observation, kept at pasture 
all year, and had been on the farm for >4 years. Movement 
of stock and supplementary feeding was determined by 
farm management based on a number of criteria including 
body condition/weight, visual assessment of pasture levels 
and availability of paddocks.

BCS and weight
Body condition was monitored by the same technician 

monthly using the Henneke (1983) nine-point scale, and 
live weight (LW) in kilograms (kg) recorded approximately 
fortnightly using a Tru-Test weighing system (MP 800 
load bars, XRP2 chip panel reader, XR5000 weigh scale 
indicator). One horse was not consistently assessed for 
BCS and was removed from analysis. Use and care of the 
horses was monitored by the Massey University Animal 
Ethics Committee (protocols 17/94, 18/97, 19/76).

Intake
Farm and paddock pasture growth (DM kg/ha) 

was estimated using protected (caged) areas of pasture 
representative of total pasture cover, at two locations on-
farm (Year 1) or within paddocks during each set-stocked 
period (SSP) per horse-group (Year 2). Each cage was 
placed in areas representative of average pasture cover, with 
a 30 x 60 cm quadrat sample of pasture collected monthly 
from each cage, cut to ground level to mimic grazing 
which created lawns, and dried in an oven to estimate 
pasture growth (kg DM/ha). Mass of total pasture, lawns 
and roughs of horse-grazed paddocks was estimated using 
a rising-plate meter (RPM) weekly by the same technician 

using an L- or W-shaped transect, and converted into kg 
DM/ha using the equation below (Jenquip 2017).

Average rising-plate meter reading x 158 + 200 = 
pasture cover (kg DM/ha)

The daily pasture DMI for each SSP was estimated 
using the difference between pre- and post-grazing total 
pasture mass, divided by days grazed, with the addition 
of average daily pasture growth rate for that period, 
and multiplying by 0.7 (utilisation factor based on the 
companion paper Adams et al. (2021) and Rogers et al. 
(2017a)).  Typical pasture energy content during the year 
was based on average pasture ME of 10 MJ/kg DM found 
in similar pasture (Rogers et al. 2020).

Horses were supplemented with hay from May to 
October each year, with an estimated quantity offered 
recorded as part-bale/horse/day with a 20% wastage factor 
(due to being fed on the ground) and average ME of 9 MJ/
kg DM (Fernandes 2016). Random bales were weighed 
each year to generate an estimated average bale weight and 
core samples were collected for DM calculation. 

To compare these estimated feed-on-offer (pasture ± 
hay) data with required intake for maintenance, average 
monthly group LW was inserted into the maintenance 
equation 0.6 MJ × kgLW0.75 (NRC 2007).

This was then divided by number of days in the month, 
to estimate daily DM required for maintenance.

Statistical analysis 
Data were analysed for normality using density plots 

and histograms. Simple descriptive statistics are presented 
as mean ± standard deviation for parametric and median 
and inter-quartile range for non-parametric data. Maximum 
and minimum values are reported when emphasis is on the 
spread of the data. Relationship between intake and weight 
change was examined using linear regression. Analysis was 
conducted using R version 4.0.3.

Results
Pasture management

During the two-year observation period, the horses 
grazed 21 different paddocks (0.046 ha to 2.9 ha in size) in 
a semi-set-stocked pattern. Occasionally farm management 
split groups into smaller groups for limited periods of time. 
The total area utilised by the horses was 26.67 ha (63% 
of effective farm area). Within individual paddocks, there 
was considerable variation in stocking density ranging 
from 1.9-43.5 horses/ha (1,016.5-23,272.5 kg LW/ha) due 
to variation in paddock sizes. The median SSP was 15 days 
(IQR 8-28.5 days) with considerable range of 2-123 days.  
The paddock with the longest set-stock period of 123 days 
(October 2017-February 2018) was grazed by horses most 
frequently (480/730 days of the study), as presented in the 
companion paper Adams et al. (2021). 

Intake
Estimated paddock pasture growth ranged from 3.1 kg 

DM/ha/day to 131.8 kg DM/ha/day, with the monthly farm 
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average ranging from 6.5 kg DM/ha/day to 84.7 kg DM/ha/
day. Year one (Y1) and year two (Y2) had similar average 
monthly pasture growth rates from March to August.  In 
Y1, there was a drought during the summer which resulted 
in lower-than-average pasture growth. Total annual pasture 
growth (DM/ha) was 11.6 t in Y1 and 12.8 t in Y2.

The median total pasture pre-grazing mass was 
1,472 (range 582-3,512) kg DM/ha.  Grazed lawns were 
a median 729 (IQR 542-1,047), 756 (IQR 590-1,340), 
and 850 (IQR 657-996) kg DM/ha for G1, G2 and G3 
respectively. Total pasture post-grazing mass was median 
890 (range 427 to 2367) kg DM/ha across all groups. The 
estimated daily pasture DMI ranged from 1.46 to 26.37 kg/
horse (approximately 2.72-49.11 g/kg LW) and total DMI 
including hay when offered ranged from 1.8 to 26.37 kg 
DM/horse/day (3.35-49.11 g/kg LW or 0.3% to 5.3% LW) 
per SSP. 

Based on average group LW at the beginning and end 
of each month, the required pasture DMI for maintenance 
ranged from 1.2% to 1.3% kg LW.   The horses had an 
estimated DMI at or above that required for maintenance 
for 79%, 64% and 89% of observation days for G1, G2 and 

G3 respectively. The maximum consecutive period when 
estimated DMI was below maintenance was 61 days for G1 
(five SSP during autumn 2019), 65 days for G2 (during two 
SSP in summer 2018-2019), and 35 days for G3 (one SSP 
during summer 2017-2018). 

BCS and weight
The mean horse LW was 537±56 kg and the mean 

group LW was 3,818±94 kg, 4,511±102 kg, 4,444±179 
kg for G1, G2, and G3 respectively.  Each group gained 
weight from their first to their final monthly average weight 
(P<0.05, Table 1). Two horses lost weight (< 4% of LW), 
one as a result of a period of illness towards the end of 
the 2-year period (the weight previous to illness was used 
for group weight); the remaining horses gained between 
2% and 10% LW. Individual horse’s maximum monthly 
LW gain and loss was 8% and -13% of average monthly 
LW (median 0%, IQR -2%-2%).  Despite the variation in 
DMI and periods of estimated DMI below maintenance, 
there was no clear association of this variation in estimated 
DMI with recorded weight change during each SSP (R2 = 
0.0367, P>0.05, Fig. 1).

Figure 1 The estimated dry-matter intake presented as the difference between available feed and estimated maintenance 
requirements (as percentage of live weight) vs. weight changes (percentage live weight) during each set-stocked period of 
grazing for three horse groups kept at pasture over two years.
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(percentage live weight) during each set-stocked period of grazing for three horse groups kept 

at pasture over two years. 

 

 

 

 

  

Table 1 Live weight (LW) and body condition score (BCS, nine-point scale) figures comparing initial and final monthly 
measures of three horse groups (G1, G2, G3) kept at pasture for two years. Also represented is the mean (± SD) of the 
individual changes in LW over the study period.

First measure Final measure Individual change
LW kg (mean±SD) BCS (median (IQR)) LW kg (mean ± SD) BCS (median (IQR)) LW kg (mean ± SD)

G1   3589±48a 6 (5-6)   3778±42b 6 (5-7) 42±13
G21   4360±71a 5 (5-6)   4547±61b 5 (5-6) 26±18
G3   4174±34a 5 (4-6)   4383±40b 6 (5-6) 25±16
All horses 11991±60a 5 (5-6) 12679±55b 6 (5-7) 29±20

Different superscript within a row are significantly different P<0.05, 123 horses assessed for BCS (G2 had one horse removed from 
analysis).
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From initial to final observation, the median BCS 
of all horses increased from 5/9 to 6/9.  Examination of 
BCS within groups identified that for G3 the median BCS 
increased from 5/9 to 6/9.  There was no change in the 
median BCS of the horses in G1 (6/9) or G2 (5/9).

Median monthly change in BCS per horse was 0/9 
(range -2 to 2).  When all horses were categorized by their 
median BCS during observations, five horses had a median 
BCS of 5/9 (IQR 5-7), fourteen horses a median of 6/9 
(IQR 5-6), and four horses a median 7/9 (IQR 6-8). Within 
each median BCS category, there was little variability 
in monthly weight, with the majority of monthly weight 
changes falling within ± 4% LW (93%, 93%, and 95% 
for median BCS 5/9, 6/9, and 7/9 respectively). Based on 
the mean LW of 537 kg, a 4% change in LW represented 
approximately 21 kg.  For individuals with no change in 
monthly BCS there was a median weight fluctuation of 0% 
(IQR -2%-1%) and 99% of monthly changes in BCS varied 
by a single BCS or less (Fig.2).

Deterministic modeling of the periods of below 
maintenance, and the cumulative negative deficit and 
weight loss calculated using estimated 30 MJ of ME for 
every 1 kg of body fat mobilised (Nicol & Brookes 2017) 
indicated a disparity between the theoretical loss (expected 
over 200 kg LW/group) and the observed estimated gain in 
LW (38-74 kg LW/group, Table 2).

Discussion
New Zealand’s temperate climate allows the majority 

of horses to be maintained at pasture all year, often only 

supplemented with conserved forage to offset the seasonal 
pasture growth. The horses in this study had similar or 
lower available total pasture mass on offer as previously 
reported for horses kept for recreation, and lower than 
empty broodmares on Standardbred and Thoroughbred 
farms (Rogers et al. 2020, Rogers et al. 2007). The latrine 
behaviour of horses effectively means that 70% of the 
pasture, identified as lawns (grazing area), is available for 
grazing and influences the estimated DM on offer (Adams 
et al. 2021, Rogers et al. 2017a).  The RPM measurements 
identified limited pasture mass on offer, resulting in horses 
consuming the new pasture growth as the daily DMI, thus, 
utilisation of pasture was high. This management system did 
provide the ability to have relatively good precision when 
estimating the daily DMI.  Based on the data collected, it 
was estimated that for these cohorts of horses, maintenance 
requirements were achieved when they were consuming 
~1.3% of LW as pasture and/or conserved forage DM.  
Despite the low level of pasture mass on offer in the lawns, 
for many of the estimated DMI recordings the horses were 
above maintenance (64-89% of the observation period) due 
to daily pasture growth and hay supplementation. It should 
be noted that RPM estimates do not separate out desired 
and non-palatable species and as such these periods of 
above maintenance may be over-estimated.  

There were periods of sustained limited feed supply 
when the DMI was estimated to be below maintenance.  
The expectation was that these periods would have been 
associated with fluctuations in either LW and/or BCS.  

Table 2 Deterministic modelling of periods of negative energy balance (MJ) in grazing horses and the expected weight loss 
(kg adipose tissue) and actual LW change (kg gained) seen in horses associated with this.   
Group n= Period 

(days)
Energy deficit per horse 

(MJ ME)
Expected adipose loss 

(kg) per horse
Expected group weight 

loss (kg)
Actual estimated group 

weight gain (kg)
G1 7 61 1101.19 34.41 240.88 59
G2 8 65 1032.53 32.27 258.13 38
G3 9 35   826.48 25.83 232.45 74
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Figure 2 Monthly body condition score (BCS) change and associated change in live weight 

(LW) of 23 grazing horses as a percentage (%) of initial LW each month. The width of the 

box represents the number of observations for each BCS category. 

 

 

  

Figure 2 Monthly body condition score (BCS) change and associated change in live weight (LW) of 23 grazing horses as a 
percentage (%) of initial LW each month. The width of the box represents the number of observations for each BCS category.
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The variations in LW and BCS recorded with these horses 
indicated that low intakes were not sufficient to stimulate 
significant mobilisation of subcutaneous fat and/or loss of 
weight.  It is estimated that mobilisation of 1 kg of body fat 
yields ~30 MJ of ME in grazing animals (Nicol & Brookes 
2017).  When these data were used to deterministically 
model changes in LW, it implied an over-estimation of 
fluctuations, with groups appearing to maintain or gain 
weight during these periods.  This highlights that the limited 
changes in BCS observed in this study were not solely 
due to lack of sensitivity in the scoring system related to 
mobilisation of visceral fat over subcutaneous fat. 

The lack of change in either LW or BCS within the 
sustained periods of mild energy-supply deficit implies 
that the horses may have some compensatory mechanism 
to alter the relative feed value of the limited feed supply.  
Horses, as monogastric hindgut fermenters, can respond 
to reduced DMI by decreasing the transit time of feed 
(Clauss et al. 2014; Edouard et al. 2008) along with subtle 
differences in the hindgut microbiota (Fernandes 2016). 
Within a multiple regression analysis there was an increase 
in the digestibility coefficient for DE with a reduction in 
transit time (Morel 2010). This provides some insight into 
how these variables may contribute to provide an apparent 
increase in feed value.

Much of the LW change recorded each month 
were below the 5% LW threshold for normal variation 
associated with intake (feed and water) and output (faeces 
and urine) (Webb & Weaver 1979), and generally below 
those reported in the literature associated with a change 
in BCS (Catalano et al. 2019; Martinson et al. 2014).  As 
this was an observational study and data was captured 
opportunistically when the horses were in the central yards 
for teaching purposes, there is some inherent variability 
in the weight measurements.  However, the length of the 
observation period (two years) and the high frequency of 
recording should, to a certain extent, have minimised the 
error associated with such an experimental design.  There 
was also limited variation in LW during periods of very 
high estimated DMI (up to 5.3% LW). Others have reported 
high pasture DMI (Longland et al. 2011) and concentrate 
feed DMI (Argo et al. 2002) but this was associated with 
increased LW. A high percentage of weeds in the botanical 
composition of the pasture may have elevated the estimate 
of pasture mass (companion paper Adams et al. (2021)). 

These data collected during the observational study 
support the hypothesis that Standardbred horses, which 
provided the major breed composition of the herds 
observed, appear to be efficient feed converters. Estimation 
of DMI and true feed value for horses at pasture is difficult, 
however, these data indicate that reduced DMI may 
be associated with compensatory mechanisms such as 
increased transit time and changes in hindgut microbiota, 
potentially increasing the apparent feed value of the 
restricted pasture available. 
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