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Pasture rearing is an increasingly common option for small farms to produce humanely

raised poultry products for an expanding market, however profit margins tend to be

much lower for pastured poultry producers than for those that opt for conventional

indoor rearing. Research into simple methods to optimize the growth and health of

pasture-raised poultry can help small farmers maximize meat yields and decrease the

morbidity and mortality of their flock, ultimately leading to higher profit margins and

improved animal welfare. The objective of this study was to measure how the inclusion of

mature, native foliage into pastures can impact the production performance and overall

health status of two different popular breeds of commercial broiler chickens; fast-growing

Cornish cross and slower growing Red rangers. During the finisher phase (30–78 days

old), pastured chickens were separated by breed into either a treatment population with

access to a mature bordering hedgerow, or a control population without access to a

hedgerow. Weekly weight gain, daily feed intake and basic hematologic values were used

to evaluate differences in the production performance and health status between each

population. We found that hedge access led to a significant improvement in the rate

of gain of the Cornish cross without an associated increase in feed intake, suggesting

that the addition of hedges can increase meat yields in fast-growing broilers without

increasing feed costs. Red rangers with hedge access demonstrated an improved ability

to neutralize bacterial pathogens in whole blood and a lesser degree of hemodilution

compared to control populations, suggesting improved immune function and a lower

degree of heat stress in these populations. We conclude that the addition of natural

environmental enrichment such as mature foliage to grass pastures can lead to improved

production performance in fast-growing broilers and improvements in the health and

immune function of slower growing broiler chickens.
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INTRODUCTION

Pastured poultry, according to the American Pastured Poultry
Producers Association (APPPA), is defined by low-density
stocked flocks that live a significant portion of their lives
outside on rotated pasture with 90–100% vegetative cover1.
Most pastured poultry for commercial sale are raised on
small, diversified farms (Sossidou et al., 2011; Dasgupta and
Bryant, 2016). Small farms, defined by < $250,000 in annual
sales, make up nearly 99% of the farming industry in the
United States (Perdue, 2019). The profit margins for small
farms, however, can be prohibitively low (Hoppe, 2015) so it
is of vital importance that small farmers be able to maximize
the value of their products for effective marketing and sales.
In particular, small farmers who opt for an alternative rearing
system may be especially disadvantaged because meat yields
per bird tend to be lower than for conventionally-raised birds
(Wang et al., 2009; Sossidou et al., 2011; Stadig et al., 2016).
A survey distributed to pasture-raised poultry farms by the
APPPA indicated respondents were most interested in receiving
education on improving feed conversion, followed by how
to improve pasture condition via optimum vegetative cover.
Additionally, the most commonly cited challenge was providing
adequate feed at a reasonable cost (Elkhoraibi et al., 2017). If
small farmers can make low-cost adjustments to their methods
that result in improved feed efficiency, health of their birds,
and/or nutritional content of their poultry meat, this could help
improve profit margins and provide economic opportunities
for small farmers. Utilization of pre-existing vegetative borders
(hedgerows) for chicken runs could be a low-cost, low effort way
to improve pasture conditions and feed efficiency for pasture-
raised poultry operations especially for small farms, because the
perimeters of small farms are greater relative to their total area
than for large production systems.

Although outdoor access has a demonstrated beneficial
effect on both stress-related parameters and improved immune
function in poultry compared to strictly indoor operations
(Mugnai et al., 2011; Bari et al., 2020), pasture-based broiler
producers must contend with uncontrolled environmental
conditions that can significantly impact the production output of
their flock (Sossidou et al., 2011). Stressful events such as extreme
temperature fluctuations, the presence of predators and exposure
to parasites or disease may lead to decreased rate of gain and
depressed immune function (Donkoh, 1989; Franciosini et al.,
2011; Johnstone et al., 2012). These effects may be mitigated
by the addition of hedgerows, which provide shade and shelter
to help counteract the detrimental effects of heat stress on
production (Borges et al., 2004; Shakeri et al., 2019), reduce
predation losses (Bosco et al., 2014) and encourage the utilization

of available range space (Grigor et al., 1995; Dawkins et al.,

2003; Fanatico et al., 2016; Larsen et al., 2017), which in turn
helps decrease population density and forage exhaustion around
the henhouse. Providing environmental enrichment can also
improve broiler welfare parameters and tolerance for stressors
(Grigor et al., 1995; Riber et al., 2018; BenSassi et al., 2019).

1https://apppa.org/news/5020618

Hedgerows have been shown to enhance the number of beneficial
insects in agricultural landscapes (Morandin et al., 2014), and
the type of forage available (i.e., insects, seeds, grass, plants)
plays a significant role in various parameters associated with
production and meat quality for pasture-raised chickens (Amaka
Lomu et al., 2004; Horsted et al., 2007; Mourão et al., 2008;
Ponte et al., 2008; Sun et al., 2013). Parasite burden too has been
negatively correlated with range use and positively correlated
with fearfulness behavior on the range (Sherwin et al., 2013),
suggesting that factors which increase utilization of available
range space and decrease stressful environmental conditions
can decrease a flock’s parasite burden. On a more global scale,
vegetative buffers have been shown to reduce environmental
contamination in waterways due to run-off from pastured
livestock and poultry litter (Pilon et al., 2017; Rothrock et al.,
2019), although research of these effects on pastured poultry
operations specifically is lacking.

The usefulness of hedgerows in pastured operations is likely
dependent on the breed of chicken being used, as genetics
heavily influence foraging behavior, feed intake and adaptability
of chickens to the range (Sossidou et al., 2011; Almeida et al.,
2012; Castellini et al., 2016; Riber et al., 2018). According to The
Livestock Conservancy, heritage breeds are well-known for their
hardiness and suitability for life on the pasture2. However, due
the slower growth rates (16 g/day) and moderate feed efficiency
of heritage broiler breeds, the commercial broiler industry in the
US primarily utilizes specific hybrid strains of chicken (Fisher,
2016). Broiler chicken strains are generally classified into two
categories: fast-growing and slow-growing, defined by growth
rates above and below 50 g/day, respectively (Super, 2017).
Today’s commercial broiler industry is dominated by the Cornish
cross, a hybrid strain bred selectively for fast growth (96 g/day)
and heavy breast mass at the expense of feather coverage and
leg musculature (Fisher, 2016; Tallentire et al., 2016; Aviagen,
2018). Though well-suited to the low cost, high production
method of conventional indoor rearing that dominates the US
poultry market, Cornish cross are generally considered ill-suited
for alternative rearing systems due to lack of feathering and
poor mobility (Dasgupta and Bryant, 2016; Riber et al., 2018).
Despite this, most pastured poultry operations still rely mainly
on Cornish cross strains due to their high yield and short time
to market weight (Sustainable Agriculture Research Education,
2012). In the EU, where relatively strict animal welfare laws have
bolstered the pastured and free-range poultry industry, slow-
growing breeds are estimated to make up 2–5% of commercial
broiler chickens (ADAS UK Ltd and The University of Arkansas,
2016; Augère-Granier, 2019). Despite a growing awareness and
demand for farm animal welfare on the part of the consumer
(Spain et al., 2018), however, the US poultry industry has pushed
back on the use of slow-growing strains (Super, 2017), and very
few of these genotypes are available outside of Europe (Fisher,
2016). One of the only slower-growing strains available in the
US is the Red ranger, a hybrid cross of New Hampshire Reds,
which exhibits a moderate growth rate (40 g/day) and more

2https://livestockconservancy.org/index.php/heritage/internal/heritage-chicken
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generous feathering, making them better suited to alternative-
rearing systems than Cornish cross (Sossidou et al., 2011; Fisher,
2016). Although much of the research for pastured poultry
operations has focused on slow-growing strains of broilers
popular in Europe, demand for chicken products in the US far
outpaces that of the EU3, and more work needs to be done to
clarify how the differences in breedmightmanifest in commercial
alternative-rearing systems.

Rate of gain is an important measurement of production
value for broiler producers (Tallentire et al., 2016), however
there are several hematological methods that can also be useful
for assessing the overall health of a poultry flock. Two of
the quickest and most practical clinical tools for evaluating
physiologic health status include packed cell volume (PCV) and
total solids (TS) from whole blood (Thrall et al., 2012). PCV,
which is a measure of red blood cell mass in relation to plasma
volume, can be affected by many important conditions such as
dehydration, hypothermia, nutritional deficiency, and parasite
infection. Similarly, changes in serumTS can be a useful indicator
of inflammation, parasite infection, heart failure, dehydration,
and nutrition imbalances. Immune function is another important
indicator of flock health, particularly for pasture-raised birds
who are more likely to encounter environmental pathogens than
conventionally raised indoor flocks (Ricke and Rothrock, 2020).
An individual’s immune status can be evaluated with functional
tests, such as a bacterial killing assay (BKA), or enumerative
tests like differential leukocyte counts (Shini et al., 2010; Demas
et al., 2011). BKAs are an in vitro method of evaluating an
individual’s innate ability to recognize and neutralize common
environmental pathogens in the blood (Mugnai et al., 2011).
Differential leukocyte counts are useful for determining the
presence and nature of inflammatory responses, which may be
associated with infectious or non-infectious processes (Thrall
et al., 2012). Leukocyte differentials can also be used to determine
an individual’s H:L ratio, which is a widely used indicator of
chronic or environmental stress in poultry (Gross and Siegel,
1983; Shini et al., 2010; Müller et al., 2011; Johnstone et al., 2012;
Minias, 2019). We hypothesize that access to the hedgerow will
reduce the feed cost to raise broilers andwill improve weight gain.
We expect to see improved hematological indicators of health
and more immunologic competence in chickens raised with
hedgerows, because of improved environmental enrichment and
decreased stress. We hypothesize that both strains of commercial
broiler chicken will benefit from the addition of hedgerows to
their pastures.

MATERIALS AND METHODS

Environment and Housing
The study was conducted on an irrigated 3-acre plot of pasture
roughly 580 meters from the banks of the Willamette River in
Corvallis, Oregon USA (44◦34′ N, 123◦17′ W, 70m above sea
level). The experiment lasted for the duration of the summer
season (June to September) with a total average temperature
range and average precipitation of 10–25.5◦C and 2.3 cm,

3https://apps.fas.usda.gov/psdonline/circulars/livestock_poultry.pdf

respectively4. This plot was covered with mixed native grasses
and bordered by well-established hedgerows consisting mainly
of Salix fluviatilis, Fraxinus iatifolia, Pseudotsuga menziesii, Ficus
macrophylla, and Catalpa speciosa. Eight enclosures measuring
6.1 × 33.5m were partitioned off using portable electric poultry
netting; four enclosures encompassed part of the hedgerow at the
end of the pasture and four were situated well away from the
hedgerow (Figure 1). Within the enclosures, four 2.4 × 2.4m
coops were built out of chicken wire and wood, divided in half
by a chicken wire partition and covered in tarps, providing ∼2.9
m2 of sheltered coop space for each population. With a starting
population of 20 individuals each, this set-up provided slightly
more than the 10 m2/bird required by Humane Farm Animal
Care guidelines for “pasture raised” poultry5.

Animal Care and Use
One hundred and sixty unsexed chicks were purchased from
Dunlap Hatchery in Idaho, 80 Red rangers, a slower-growing
New Hampshire Red hybrid breed, and 80 Cornish cross, a fast-
growing Ross 308 genotype. The experimental period was divided
into three phases: a starter phase (2–15 days of age), a grower
phase (16–29 days of age), and a finisher phase (30–78 days
of age). At the beginning of the starter phase (2 d) the chicks
were divided by breed and then randomly assorted into four
populations, two Red ranger populations, and two Cornish cross
populations, of 40 chicks each. During this phase the chicks
were confined to separate brooder boxes that were made from
378 L galvanized steel stock water troughs (stocking density 54
bird/m2). These troughs were kept outdoors in a sheltered area
enclosed by chicken wire, and the tops were left open to provide
adequate ventilation and natural ambient lighting. The brooding
boxes were lined with pine shavings and cleaned daily, and a heat
lamp was placed at one end of each brooding box to provide a
focal heat source. The temperature at each end of the box was
monitored at least twice daily and the heat lamps were adjusted
to maintain a temperature gradient ranging from an average of
21◦C at the unheated end to 33◦C under the lamps. Chicks in the
starter phase were given free access to Purina R© Start & Grow R©

chicken feed in covered trough feeders and a separate plate of grit,
and each brooder box was provided with a 3.8 L gravity waterer,
which was cleaned and refilled as needed.

At the start of the grower phase (16 d) the chicks were
removed from the brooding boxes, sorted into their final
populations, and transferred to their respective enclosures. To
randomize treatment effects, the two starter populations within
each breed were combined first and then the individuals were
randomly assigned to either a treatment (pasture with hedges)
or a control (pasture without hedges) group. These treatment
groups were breed specific and repeated once, for a total of eight
final populations of 20 individuals each (see Figure 1). During
the grower phase, the chicks were confined to their coops without
access to the pasture or hedges (stocking density 7.7 birds/m2).
The coops were bedded with pine shavings and cleaned daily,

4https://www.usclimatedata.com/climate/corvallis/oregon/united-states/

usor0076
5https://certifiedhumane.org/free-range-and-pasture-raised-officially-defined-

by-hfac-for-certified-humane-label/
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FIGURE 1 | Experimental layout. At 16 days of age, the chickens were sorted by breed (Cornish cross or Red ranger) into repeated groups of either treatment

(pasture with hedges) or control (pasture without hedges), for a total of eight populations of 20 chickens each. Each chicken was banded for individual identification

and sex was randomly assorted across the populations.

TABLE 1 | Starting at 16 days of age, the chickens were fed Mosaic Oregon

Non-GMO Grower/Broiler Formula chicken feed, a balanced commercial pelleted

feed.

Nutrient DMB (%)

Crude protein (min) 19.06

Lysine (min) 1.13

Methionine (min) 0.51

Crude fat (min) 5.51

Crude fiber (min) 4.74

Calcium (min-max) 0.68–1.68

Phosphorus (min) 0.80

Salt (min-max) 0.14–0.40

The guaranteed analysis of this feed is as follows (DMB: dry matter basis). Red rangers

in all populations were given access to this feed ad libitum 24 h a day. Cornish cross in

all populations were given access to this feed ad libitum 12 h a day, with their feeders

removed at night.

and each coop was provided with an 11.4 L gravity waterer that
was cleaned and refilled as needed. Chickens in both the grower
and finisher phases were fed a diet of Mosaic Oregon Non-
GMO Grower/Broiler Formula chicken feed (Table 1). All Red
rangers were fed ad libitum 24 h a day and all Cornish cross
were fed ad libitum for 12 h a day, with their feeders removed
at night. This was done to alleviate some of the known health
problems associated with the rapid growth pattern inherent to the
Ross breed (Mohammadalipour et al., 2017). A separate plate of
commercial grit was provided to all populations and was available
at all times.

At the start of the finisher phase (30 d), the animals were
banded to facilitate individual identification. During this phase
until slaughter (78 d), the chickens were allowed to move freely
between their own population’s coop and pasture during the day,
and confined to their coops again at night. The stocking density
of the entire enclosure was 0.1 bird/m2 (0.22–0.37 kg/m2). Each

population was provided with a 5.1 kg hanging feeder and an
11.4 L gravity waterer in their coop, with an additional reel-top
range feeder and 3.8 L gravity waterer at the far end of each
pasture. Twice daily, the leftover food from all available feeders
was weighed and new food was provided, along with fresh water.
The average daily feed intake for each population was calculated
by weighing the amount of food left in their feeders every day and
subtracting it from the amount of food provided. The weight of
each individual chicken was recorded weekly (starting from day
30), and weekly blood draws were performed on 5 individuals
per coop (40 individuals total). A lottery system was designed
to ensure that every animal had their blood drawn at least once
during the study, but no animal was used more than once every 3
weeks. At the conclusion of the study, all animals were humanely
slaughtered at 78 days old via exsanguination at a commercial
poultry processing facility.

Laboratory Methods
PCV and TS readings were used to evaluate the physiologic
health status of each population on a weekly basis. PCV was
measured by filling a microhematocrit capillary tube with fresh
(<8 h old) whole blood and centrifuging it at 2000g for 3min,
and then comparing the centrifuged samples to a PCV chart to
determine the percentage composition of red blood cells (Thrall
et al., 2012). Next, to evaluate TS, a refractometer was used to
record the specific gravity of the plasma from each separated
sample. At this time, each whole blood sample was also used to
make a blood smear, which was then air dried and stained using
DiffQuick stain. A differential leukocyte count was performed on
each stained smear by using the oil immersion (100x) objective to
systematically scan the monolayer until 100 leukocytes had been
counted (Thrall et al., 2012). Leukocytes were characterized as
heterophils, lymphocytes, eosinophils, monocytes or basophils,
and a relative count of each type was recorded for every sample.
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In addition to differential leukocyte counts, immunologic
function was evaluated at the population level by conducting
bacterial killing assays (BKA) on fresh whole blood from
each population. The BKA was performed following methods
from French & Neuman-Lee (French and Neuman-Lee, 2012),
optimized for use with chicken whole blood. To prepare the
whole blood BKA, a solution of PBS with 105 bacteria/ml
Escherichia coli (laboratory strain ATCC 8739) was incubated at
37◦C for 30min. Each sample of whole blood was vortexed for
10 s and then diluted on plates to 1:100 and 1:200 using sterile
PBS, to which 10 µl of the bacteria solution was added with
additional solution added to control wells containing 40 µl PBS
only. The prepared plates were incubated for 1 h at 37◦C before
being run through a spectrophotometer to obtain a baseline
absorbance reading, and then 125µl of 3% Tryptic Soy Broth was
added to all wells and the samples returned to the incubator. After
an additional 12 h at 37◦C, the samples were placed on a shaking
plate for 1min and run again to obtain a final absorbance reading.

Parasite burden and diversity were assessed from pooled
fecal samples using a modified McMaster test, and five random
individuals from each population were sampled for Salmonella
and Campylobacter at the time of slaughter. However, these
variables were ultimately determined to be unimportant and
so were not included in this report. Methods and results of
the fecal egg counts can be found in Supplementary Table 13,
and the results of the bacterial cultures are summarized in
Supplementary Table 14.

Statistical Analysis
We ran analyses using R (v. 4.0.2). We used linear mixed effects
models for all analyses. Sex was controlled for by adding it as
a covariate in all models, with additional covariates added as
needed. For each analysis outlined below, as Red rangers and
Cornish cross exhibit different physiology and behavior, we ran
separate models for each breed. Means and standard deviations
for all response variables by treatment and week are reported
in Table 2.

We first analyzed the effect of treatment (hedge vs. pasture)
on average bird weight and rate of weight gain. Individual
weight at each time point was our dependent variable; treatment
(pasture vs. hedge row), estimating the average difference
in weight per treatment, as well as week and a week by
treatment interaction, estimating the average difference in rate
of weight gain per treatment, were the explanatory variables.
Covariates included sex, weight of the bird at the start of
the experiment (7/25/2019), and average per bird feed intake
(per week). We accounted for our nested repeated study
designs by including animal ID, nested in population, nested
in block as a random intercept [i.e., (1|Block:Population:Bird
ID)]. Next, we analyzed the effect of treatment (hedge vs.
pasture) on average feed intake per bird within a population.
Average feed intake was included as our dependent variable
and treatment, estimating the average difference in feed intake
per treatment, as well as week and a week by treatment
interaction, estimating the average difference in rate of change
in feed intake per treatment, were included as explanatory
variables. Covariates included sex and average weight per

population. We minimized feed loss with the use of covered
feeders, however minor variation in the data precluded us
from confidently calculating feed intake at the individual level.
Therefore, we accounted for our nested repeated study design
by including population nested in block as a random intercept
[i.e., (1|Block:Population)].

To evaluate the effect of treatment on host hematology, we
analyzed the effect of treatment (hedge vs. pasture) on PCV
and serum TS. In two separate sets of models, individual PCV
or TS was our dependent variable and treatment, estimating
the average difference in the dependent variable per treatment,
was included as explanatory variables. To evaluate the effect
of treatment on host immunology, we analyzed the effect
of treatment (hedge vs. pasture) on bacterial killing ability.
Proportion of bacteria (1:200 dilution) killed was our dependent
variable and treatment, estimating the average difference in
bacterial killing ability per treatment, was included as explanatory
variables. Our assay failed in week 3 and thus we did
not include this data in our model. Additionally, to further
evaluate the effect of treatment on host immunology and to
characterize stress levels, we analyzed the effect of treatment
(hedge vs. pasture) on leukocyte counts. As proportions of
each cell represent compositional data, we performed a PCA
to reduce the statistically dependent proportions of each
cell into a single axis (Matson et al., 2006; Buehler et al.,
2012). The first PC (leukocyte PC1) explained (60.81% of
cellular variation) and thus was the only axis used in our
analysis. Leukocyte PC1 loaded positively by basophils (0.03)
and lymphocytes (0.89) and negatively by eosinophils (−0.04),
monocytes (−0.07), and heterophils (−0.44). Coordinate along
leukocyte PC1 was our dependent variable and treatment,
estimating the average difference in leukocyte composition
per treatment, was included as explanatory variables. For
all hematologic models, we controlled for sex and week by
including them as model covariates, and we accounted for
our nested repeated study design by including animal ID,
nested in population, nested in block as a random intercept
[i.e., (1|Block:Population:Bird ID)]. Initially, we hypothesized
that the rate of change in each of these hematologic values
would be dependent on treatment. Thus, we first included a
week by treatment interaction and tested for inclusion of this
interaction term using a likelihood ratio test. However, we found
that our likelihood ratio test did not support inclusion of a
week by treatment interaction term for any hematologic model
(Supplementary Table 15).

For each linear mixed model outlined above, normality
of model residuals and heteroskedasticity were evaluated
using normal probability and scale-location plots, respectively.
Influential data we evaluated using cook’s distance, categorizing
a data point as an outlier if the cook’s distance was >4/sample
size. We removed one outlier from our Red ranger model weight
model and one influential data point from our Cornish cross
PCV model. We ran generalized linear mixed models using lme4
(Bates et al., 2015), with p-values calculated via the Satterthwaite’s
degrees of freedom method in lmerTest (Kuznetsova et al.,
2017). We conducted our likelihood ratio test using lmtest
(Buse, 1982).
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TABLE 2 | Means and standard deviations for all response variables by treatment during each week of the finisher phase (30–76 days of age) for both the Cornish cross (A) and the Red ranger (B).

Week Average daily gaina (g/bird/day) Average daily feed intakeb (g/bird/day) Serum bactericidal activityc (%) Heterocyte/lymphocyte ratioc Packed cell volumec (%) Total solidsc (g/dL)

Hedge Pasture Hedge Pasture Hedge Pasture Hedge Pasture Hedge Pasture Hedge Pasture

a. Cornish cross

1 118 111 50 47 19.7 38.9 0.63 0.38 27.3 30.4 3.3 3.4

2 141 136 68 63 55.1 48.0 0.60 0.70 30.4 26.9 3.4 3.5

3 130 131 64 64 49.5 20.3 0.76 0.86 31.2 28.3 3.4 3.3

4 168 160 77 74 84.8 57.2 0.71 1.04 26.6 24.6 3.6 3.6

5 177 169 76 65 86.7 77.7 0.48 0.45 27.1 28.4 3.6 3.6

6 202 193 77 71 66.6 71.2 0.54 0.51 24.8 23.9 3.5 3.6

7 222 207 29 59 63.5 33.4 0.59 0.86 29.2 25.3 3.8 3.7

Mean 165 158 63 63 60.9 49.5 0.62 0.68 28.1 26.8 3.5 3.5

SD 36 32 16 8 21.2 19.1 0.09 0.23 2.1 2.2 0.2 0.1

b. Red ranger

1 33 38 87 90 25.1 28.5 0.30 0.35 27.0 28.2 3.8 3.8

2 44 41 97 104 57.1 36.9 0.42 0.32 29.8 28.7 3.9 3.7

3 45 47 107 112 30.4 21.5 0.66 0.36 29.0 26.1 3.7 3.5

4 48 48 126 127 28.0 43.5 0.50 0.65 23.6 23.8 3.8 3.6

5 44 42 133 137 53.6 49.4 0.36 0.22 26.3 26.3 3.9 3.9

6 30 40 139 145 50.7 70.1 0.37 0.31 26.3 24.1 4.1 3.8

7 30 37 153 161 83.4 78.8 0.47 0.34 28.8 25.9 4.1 4.0

Mean 39 42 120 125 46.9 47.0 0.44 0.36 27.3 26.2 3.9 3.8

SD 7 4 22 23 19.3 19.5 0.11 0.13 2.0 1.7 0.1 0.1

“Hedge” denotes the treatment groups in pastures with hedge access, and “Pasture” denotes the control groups in pasture without hedges.
aBased on weekly measurements from each individual (160 samples per week).
bBased on daily measurements from each population (eight samples per day).
cBased on weekly measurements from five individuals per population (40 samples per week).
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FIGURE 2 | Effect of treatment (hedge access) on weight gain of both breeds (A,B). Cornish cross with access to the hedge gain weight faster than Cornish cross in

bare pasture (A). Hedge access had no significant effect on Red ranger weight gain (B). LMEM Weight ∼ treatment + week + treatment * week + sex + per bird

intake + start weight + (1|Block: Pop:ID).

RESULTS

Production Values
After controlling for sex, per bird weekly intake, and starting
weight, Cornish cross with access to the hedge, on average,
gained weight faster than Cornish cross in the bare pasture (β =

−31.29, p-value = 0.002, Figures 2, 3; Supplementary Table 1),
however access to the hedge had no significant effect on
feed intake (Figure 4; Supplementary Table 2). In other words,
Cornish cross raised in the hedge gained weight faster despite
consuming the same amount of provided commercial feed as
Cornish cross raised in bare pasture. We found no significant
effect of hedge access on the total weight gain of either
breed (Figures 2, 3; Supplementary Tables 1, 3). Additionally,
we found no significant effect of hedge access on Red ranger
growth rate (Supplementary Table 4). The Cornish cross appear
to exhibit a greater degree of variation in weight gain compared
to the Red rangers (Table 2a), however this difference is not
significant according to a variance ratio test (p-value 0.25).

Hematology
After controlling for week and sex, we found that, on average,
access to the hedge had a significant effect on Red ranger PCV
(β = −0.02, p-value = 0.01, Figure 5; Supplementary Table 9)

and TS (β = −0.16, p-value = 0.02, Supplementary Table 10).
Animals raised on the pasture had, on average, lower values
for both (Figure 5). We found that access to the hedge had a
moderate effect on Cornish cross PCV (β = −0.01, p-value =

0.08, Supplementary Table 11), but no significant effect on TS
(Supplementary Table 12).

Immunocompetence
We found a small but significant difference in the BKA results
of Red rangers with access to the hedge vs. Red rangers
raised in bare pasture; on average, after controlling for sex and
week, Red rangers raised in the hedge had a greater ability
to neutralize E. coli in whole blood (β = −8.46, p-value =

0.004, Figure 6; Supplementary Table 5). We did not find any
significant effects of hedge access on the BKA of the Cornish cross
(Supplementary Table 6). We did not find an effect of treatment
on leukocyte counts or H:L ratio for either breed (Figure 7;
Table 2; Supplementary Tables 7, 8).

DISCUSSION

We hypothesized that access to the hedgerow would reduce
the feed cost to raise broilers and improve weight gain. Our
results suggest that providing access to a hedge can improve
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FIGURE 3 | Delineated effect of treatment on weight gain per week for each of the 8 populations, separated by breed. (A) CCAH, CCBH represent Cornish cross

treatment groups. CCAP, CCBP represent Cornish cross control groups. (B) RRAH, RRBH represent Red ranger treatment groups. RRAP, RRBP represent Red

ranger control groups.

FIGURE 4 | Effect of treatment (hedge access) on Cornish cross feed intake.

There was no significant difference in the feed intake of Cornish cross raised

with hedges compared to Cornish cross raised in bare pasture. LMEM

Average feed intake per bird ∼ treatment + week + treatment * week +

average bird weight + (1|Block:Pop).

the rate of weight gain for pasture-raised Cornish cross broilers
without incurring extra feed costs (Figures 2–4), which in turn
could help optimize the economic gain of small farms. While

this effect was initially thought to result from the addition of
extra forage material available to the hedge populations, fast
growing broilers are widely regarded as poor foragers with
an inability to sufficiently utilize non-commercial diets for
effective weight gain (Almeida et al., 2012; Pauwels et al., 2015;
Castellini et al., 2016). Instead, this result is most likely due
to decreased heat stress in the chickens with hedge access, as
heat stress is a well-documented cause of decreased production
performance in chickens (Patra et al., 2002; Borges et al., 2004;
Azad et al., 2010; Al-Fataftah and Abdelqader, 2013; Duangjinda
et al., 2017; Shakeri et al., 2019). By sheltering in the hedge
during the heat of the summer, Cornish cross broilers were
likely able to mitigate the detrimental effects of heat stress
and retain a greater proportion of their genetic potential for
growth performance. While providing shade-cloths may seem
like a simpler option for combatting heat stress in pasture-
raised broiler chickens, several studies have suggested that
chickens will not utilize artificial shade the same way they
would natural cover. Nagle and Glatz (2012) determined that
hens were far more likely to utilize the shade from potted
shrubbery than from shade cloths, while Zeltner and Hirt
(2008) determined that hens utilized more varied structures in
preference to structures providing greater shade. Stadig et al.
confirmed that broilers utilized significantly more range space
when provided with natural shelter from willow trees compared

to those provided with simple artificial shelter (Stadig et al.,

2016) or unshaded grass pasture (Stadig et al., 2019). In a
recent (2018) review article on broiler enrichment strategies,
Riber et al. concluded that chickens overall preferentially
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FIGURE 5 | Effect of treatment (hedge access) on packed cell volume (A,C) and total solids (B,D) for both breeds. Red rangers raised with a hedgerow show a lower

degree of hemodilution compared to Red rangers raised in bare pasture (C,D). Hedge access had no significant effect on hemodilution of Cornish cross (A,B). LMEM

PCV ∼ treatment + week + sex + (1|Block:Pop:ID). LMEM total solids ∼ treatment + week + sex + (1|Block:Pop:ID).

utilize range space populated by mature trees, combined with
a mixture of grass, lower vegetation, and nutritious plants.
Therefore, by both providing and encouraging the use of
shaded range, hedges can help mitigate the detrimental effects
of heat stress and improve growth rates in pasture-raised
Cornish cross.

We expected to see improved hematological indicators of
health and more immunologic competence in chickens raised
with hedgerows because of improved environmental enrichment
and decreased stress. The average PCV and TS across all
populations generally fell within the published normal range for
healthy chickens of 23–55% and 2.5–4.5g/dL, respectively (Thrall
et al., 2012), so there was no indication of widespread medical
conditions such as dehydration, nutritional imbalance, traumatic
injuries or inflammatory disease regardless of treatment. Between
populations, however, the average PCV and TS were lower in our
pasture groups overall, although this difference only reached the
level of significance (p< 0.05) in the Red rangers. In an otherwise
healthy bird, a concurrent decrease in PCV and TS is commonly a
marker of volume expansion secondary to water retention, which
amplifies evaporative cooling by increasing blood flow to the
respiratory tract (Donkoh, 1989; Wideman et al., 1994; Thrall
et al., 2012). Although more work is needed before definitive

conclusions can be drawn about this disparity, it may be further
evidence that our control populations were suffering from mild
heat stress compared to the treatment groups. The results of our
BKAs suggest that Red rangers with access to the hedge were
more likely to mount an immune response against some bacterial
infections than Red rangers raised without hedges. We did not
observe any changes in the H:L ratio of our chickens (Figure 7),
which could indicate that stress was not a factor in the observed
changes in immune function, or it could mean that the H:L ratios
were affected by other, unmeasured variables (de Jong et al., 2002;
Wein et al., 2017). An alternative explanation for the improved
immune responses could be ingestion of immunomodulatory
agents from the hedge itself; chickens are omnivorous and
naturally explorative foragers (Brunberg et al., 2016), and it has
been suggested that relatively modest changes in the nutrient
composition of the diet can markedly affect the development of
immune mechanisms (Williams et al., 2020). While detailing the
exact composition of all the flora and fauna available in our hedge
was beyond the scope of this study, some potential examples of
immune-modulatory agents that may have contributed to this
effect include willow leaf (Al-Fataftah and Abdelqader, 2013),
phytochemicals, which are natural bioactive compounds that
are derived from plants and incorporated into animal feed
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FIGURE 6 | Effect of treatment (hedge access) on bacterial killing ability (BKA)

of Red rangers. Red rangers raised with a hedgerow show greater immune

function compared to Red rangers raised in bare pasture. Hedge access had

no significant effect on Cornish cross BKA. LMEM proportion E. coli killed

(1:200) ∼ treatment + week + sex + (1|Block:Pop:ID).

to enhance productivity (Lillehoj et al., 2018; Williams et al.,
2020), polyunsaturated fatty-acids (Liu et al., 2017), and insects
(Biasato et al., 2018; Benzertiha et al., 2020; Józefiak et al.,
2020).

We hypothesized that both strains of commercial broiler
chicken would benefit from the addition of hedgerows to
their pastures. While our experimental design precludes us
from drawing direct comparisons between the breeds, we did
find that access to a hedgerow had beneficial (albeit different)
effects on both strains of broiler chicken. Whatever benefit
was conferred by the access to the hedgerow appeared to
be preferentially allocated to production performance in the
Cornish cross and immune function in the Red rangers.
This is makes sense when considering the intended use for
each genotype; fast growing Cornish cross were developed to
achieve maximum growth rates in the sterile, tightly regulated
environment of conventional indoor poultry-houses (Aviagen,
2018), whereas slower growing Red rangers retain the ancestral
ability to allocate resources into the development of energetically
expensive adaptive mechanisms such as hemodynamic cooling
and immune surveillance (Donkoh, 1989; Wideman et al.,
1994; Sugiharto et al., 2018). These findings are consistent
with a phenomenon that has been well-documented in broiler
chickens, in which there exists a genetic trade-off between
maximum production performance and the ability to adapt
to environmental challenges (Cahaner and Leenstra, 1992;
Deeb and Cahaner, 2002; Ask et al., 2006; Azad et al., 2010;
Castellini et al., 2016; Duangjinda et al., 2017). Studies on

FIGURE 7 | Differential leukocyte counts of both breeds based off a Principle

Component Analysis. Based on analysis using PCA1 [PCA1 ∼ treatment +

sex + week + (1|Block:Population:Bird ID)], treatment (hedge access) had no

significant effect on circulating leukocytes of either breed. The first PC was the

only axis used in our analysis and based on loadings was driven mainly by

heterophils (−0.44) and lymphocytes (0.89). Other loadings include basophils

(0.03), eosinophils (−0.04), and monocytes (−0.07).

improvements to pasture conditions for commercial poultry
operations have traditionally relied mainly on slow-growing
and heritage breeds, and this trade-off might explain why
other studies have failed to find a significant effect of
range enrichment on production performance (Rivera-Ferre
et al., 2007; Bosco et al., 2014; Stadig et al., 2016). This
demonstrates one potential area of improvement for future
research on alternative-rearing methods which could make
the results more applicable to a wider range of commercial
poultry producers.

Our work contributes to the body of knowledge on how to
improve pasture conditions by utilizing natural environmental
enrichment and illustrates the expected outcome on two very
different commercial strains of broiler chicken popular in the US.
With these results, it is our hope that commercial poultry farmers
can utilize existing landscape features to maximize the genetic
potential of their flock, thereby making pasture-rearing a more
profitable venture for small-farmers.
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