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Dry Bedding Provides Cost-Effective
Enrichment for Group-Housed Rhesus
Macaques (Macaca mulatta)

Cynthia J Doane,"t Kirk Andrews, Laura Jane Schaefer, Nathan Morelli, Shannon McAllister, and Kristine Coleman

Dry bedding has been shown to be an effective enrichment strategy for small groups of captive nonhuman primates housed
in cages or in small enclosures with concrete flooring. However, dry bedding is used infrequently for large groups because of
the perception that its use is time- and resource-intensive. We investigated the cost-effectiveness of this enrichment strategy
in large groups (30 to 50 subjects) of rhesus macaques. Macaques were housed under 3 comparison conditions for 4 wk: pine
shavings (n = 4), aspen and pine shaving mixture (n = 4), and nonbedded control (1 = 4). As measures of resource consump-
tion, husbandry tasks were documented by using time-in-motion methodology, and water usage was determined. In addition,
groups underwent behavioral observations to assess the effect of dry bedding. The time required to care for units did not
differ between bedded and nonbedded units. However, significantly less water was used for sanitization of bedded compared
with nonbedded units. Monkeys housed in bedded units showed more foraging (13.8% + 1.6% of time in bedded compared
with 4.0% + 0.3% of time in nonbedded units) and less aggression and self-grooming. Dry bedding benefited the macaques,
reduced water usage and costs, and did not affect human resources.

Abbreviations: NHP, nonhuman primate; SH, shelter housing.

In 1998 the National Research Council codified the require-
ment for providing for the psychologic wellbeing of nonhuman
primates used in biomedical research.!® This necessity was
strengthened by the performance standards outlined in the
eighth edition of the Guide for the Care and Use of Laboratory
Animals.'® One goal of enrichment programs is to improve and
refine practices that promote behavioral wellness and increase
the opportunities for animals to express natural behaviors.! The
environments of captive primates often do not have the types
of challenges that primates would find in the wild. Therefore,
providing opportunities for animals to express species-specific
behaviors in captivity is an important tool to improve their
quality of life.

Foraging is a behavior that is greatly reduced in captivity. In
the wild, nonhuman primates (NHP) spend as much as 70% of
their day foraging.!>%%%’ In contrast, in captivity, meals are pro-
vided at specific times and locations, and animals often spend
relatively little time foraging. This lack of foraging opportunities
has been posited as a potential cause of overgrooming behav-
ior.> An enrichment strategy that can help to promote foraging
is the use of dry bedding as a substrate. This strategy is par-
ticularly important for animals living in cages or in enclosures
with a concrete floor. Previous studies in many NHP species
have demonstrated the positive effects of providing bedding,
including decreased aggression and increased foraging,>7-1024
decreased overgrooming,* decreased labor, and decreased water
and chemical usage.!® Still, facilities often encounter obstacles
when trying to implement dry bedding. For example, despite
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the evidence that dry bedding is beneficial to captive primates,
its use is perceived as time-intensive and costly; therefore dry
bedding is used only infrequently.? Little information is avail-
able on the operational costs of a bedded substrate. One of few
studies on this topic examined the use of a bedding substrate in
indoor—-outdoor group-housed bonnet macaques and found the
bedding to be a cost-effective enrichment strategy.® Although
information on the benefits of dry bedding for NHP in cages
or in small (that is, fewer than 10 animals) groups is available,
few (if any) studies examine dry bedding use for large, outdoor-
housed groups. This paucity of information occurred because
many NHP facilities in the United State and elsewhere house
large groups of macaques in outdoor enclosures with grass or
gravel substrate. However, several environmental constraints
may direct facilities to house on artificial substrates. Solid
flooring provides an opportunity for radiant heating in colder
climates. Solid flooring also provides a structure for the control-
led disposal of waste through drain-to-sewer systems, thereby
decreasing run-off and ground water contamination.

Our facility houses approximately 4500 macaques in various
types of facilities and social configurations. The 2800 animals
of the SPF Indian-origin rhesus macaque breeding colony are
maintained in open-top 1-acre corrals and in smaller shelter-
housing (SH) units, which are the focus of the current study.
Management of breeding colony animals provides opportunity
to manipulate the environment to promote enrichment and
socialization for the benefit of the NHP health and productivity.
The enrichment program for the SH macaques includes social
housing; various play structures; seasonal water enrichment (ice
blocks, misters, and pools); forage devices that contain fruits,
vegetables, and seeds on a rotating schedule; and interaction
with caretakers. Prior to the start of the current study, dry bed-
ding was used sparingly as an intervention strategy for groups
with social unrest. During times of social stress (that is, group
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formation, removal or reintroduction of key animals, social in-
stability of unknown etiology), dry bedding was distributed as a
distraction to reduce fighting, injuries, and removal of animals.
Historic resistance to widespread implementation rested on
personnel concerns of increased work load, decreased cleanli-
ness, increased facility-related complications, and a general
perception that dry bedding may cause more harm than good
(contaminated wounds, eating of wood chips, and so forth). The
current study was designed to address these concerns.

Animal facilities frequently are designed for economic and
ergonomic simplicity.2® The SH units at our facility have con-
crete surfaces that are easily cleaned with high-pressure water.
The daily wash-down of 32 SH units requires substantial water
resources that is inconsistent with our facility’s philosophy
of environmental sustainability. Animal welfare and reduced
water usage were strong motivators at the management level
to evaluate dry bedding in the SH area. Other authors® correctly
identified the need to involve all stakeholders in the evaluation
of costs and benefits of dry bedding to ensure its adoption. With-
out acceptance by the various teams encountered at the facility,
change would be challenged. As is appropriate in assessments
of all novel enrichment strategies, addressing the concerns of
the participants was an explicit goal of the current study.>?

Here we examined the use of 2 kinds of wood shavings (pine
and pine-aspen mix) in large (30 to 60 animals) outdoor groups
of rhesus macaques over a 1-mo period. We focused our study
on behavior and operational aspects of management (water
use, time to maintain, and so forth). We hypothesized that the
presence of wood shavings would increase normal behaviors,
decrease abnormal behaviors, and decrease operational costs,
including labor.

Materials and Methods

Humane care guidelines. The study was conducted in compli-
ance with all federal regulations, including the IACUC of the
Oregon National Primate Research Center, and the Guide for
the Care and Use of Laboratory Animals.'® The Oregon National
Primate Research Center is AAALAC-accredited.

Subjects. Evaluation of the bedding substrates was conducted
in the SH complex of our facility. This complex holds approxi-
mately two thirds (approximately 1200 animals) of the facility’s
SPF Indian-origin rhesus macaque (Macaca mulatta) breeding
colony, ranging in age from infants to adults. SPF is defined as
negative viral status for SIV, simian T-cell lymphotrophic virus,
simian retrovirus, and Macacine herpesvirus 1. The SPF breeding
colony is surveilled annually via serologic assay and is main-
tained in housing areas separate from those for conventional,
nonSPF NHP. Procedures and practices are in place to ensure
biosecurity of the SPF breeding population, including desig-
nated staff, support areas, and personal protection equipment.
Macaques evaluated in the current study were housed in 12
social groups each consisting of 40 to 60 animals. Groups were
matched as closely as possible for density and demographic
distribution (for example, age of the group, male to female
ratio). Prior to the start of the study, 2 adult female macaques
(4 to 10 y of age) were selected randomly from each of the 12
social groups (1 = 24) as subjects for behavioral observations.
Female macaques selected were age-matched to the best of our
ability. Because social rank can affect behaviors in which we
were interested, including grooming and aggression, we also
matched female macaques for their dominance status.

Shelter housing units. Each unit was 1400 ft> and was divided
into 3 sections that were accessed via 2 guillotine doors to allow
animal movement between the rooms. Each unit had 2 exterior

bays enclosed in welded-wire mesh and a single center bay
consisting of 3 concrete masonry walls and a roll-down door.
Two units formed a complex that was 20 ft high, with gabled
roofs of clear corrugated polycarbonate. Each section contained
a play structure or swings (or both) as well as other toys and
enrichment devices. The units were outdoors and partially
environmentally controlled, with overhead heating and heated
floors for the winter months and water misters for summer
months. Each section contained a feeding bin and lixits for
water. Macaques were fed high-protein lab diet (Purina 5000
diet, Animal Specialties, Woodburn, OR) ad libitum twice daily
and received produce or other enrichment (for example, grains)
daily. Water was available ad libitum. All units received the
same enrichment on any given day.

Bedding. Prior to the start of the current study, we assessed
several types of bedding, including pine shavings, aspen shav-
ings, wood pellets, corncob bedding, and reclaimed pulp waste.
According to factors such as appearance, absorbance, cost, and
ease of use, we chose pine shavings and a mixture of pine and
aspen shavings as the 2 bedding types for further study. Bed-
ding was placed into the SH of 8 of the 12 groups. Half of the
bedded groups (1 = 4) received pine shavings (GEM Shavings,
Auburn, WA), and the other bedded groups (1 = 4) received
a combination of pine and aspen shavings (NEPCO, Caspian,
MI); the remaining 4 groups served as nonbedded controls. Bed-
ding covered the entire floor of the SH units and was used for 4
wk. Bedding was replaced every 2 wk and “spot-cleaned” once
weekly. Replacement of bedding consisted of shoveling out the
shavings, washing the enclosures with high-pressure water, and
restocking the enclosures with clean shavings. Enclosures for
the nonbedded (control) groups were washed daily with high-
pressure water according to the standard husbandry practices
for the facility. The drains in all bedded units were capped to
prevent bedding from entering the drainage system.

Behavioral observations. To assess behavior of the macaques,
10-min focal observations of the 24 subjects 2 or 3 times each
week. A single trained observer used instantaneous focal sam-
pling techniques,! in which the behavior of the subject was
recorded at 20-s intervals for 10 min. Behaviors scored included
foraging, self-grooming, and play (Figure 1 for ethogram). Be-
cause aggression has a relatively short duration, all occurrence
sampling was used to record this behavior (that is, the observer
recorded any instance of aggression that occurred during the 10-
min focal observation). Prior to taking observations in any given
group, the observer stood in front of the SH unit for 5 min to
acclimate the monkeys to his presence. Observations were taken
on all 12 SH units for 2 wk before bedding was added (baseline
phase) and throughout the 4 wk during which bedding was
present (bedded phase). Observations were taken during 2 time
periods, morning (0900 to 1200) and afternoon (1300 to 1600)
and were balanced so that each macaque was observed the same
number of times for each time period. Enrichment was provided
at random times, depending on the schedule of the animal care
technicians; therefore we were unable to balance observations
for the presence or absence of food. Observation periods were
scheduled to not coincide with morning or afternoon feeding
and took place at least 30 min before or after feeding activities.

Time in motion. To determine the human resource investment
in the various husbandry tasks, animal care staff recorded the
amount of time it took to complete each task for all 12 SH units
during the 4 wk of the study. Technicians documented the
time associated with the following tasks: filling out daily task
sheets, morning and evening feeding including enrichment and
produce distribution, performing health observations, washing
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Behavior Definition

Aggression Bite, hit, slap, threat, chase

Social groom  Subject picks at hair or skin of another macaque

Foraging Searches for food on substrate

Locomotion Common usage (for example, walk, run)

Proximity Subject is within an arm’s length of another
macaque without touching

Self-groom Subject picks through or slowly brushes aside
own fur with hands or mouth

Stationary Subject sits quietly, without being engaged in
another behavior

Toy play Subject manipulates object (for example, toy)

Figure 1. Behavioral ethogram.

the shelters, checking lixit function, picking through bedding,
changing bedding, and cleaning the outside of the enclosure
and walkways.

Cost calculations. The costs associated with water usage and
garbage disposal were determined. Water usage was determined
by measuring the flow of water (gallons per minute) and the
time used to wash the individual shelters. The average water
use over 2-wk time periods was compared between shelters with
and without bedding. There were additional costs associated
with disposing of the used bedding. The cost for additional
dumpsters on site was divided by the volume of used bedding
per shelter to find the approximate cost of bedding disposal
per shelter.

Data analysis. To determine the time investment associated
with cleaning bedded and nonbedded SH units, we summed
all variables involved in cleaning (wash, remove and add bed-
ding, pick through bedding, and clean outside of the pen) for
each 2-wk period, which corresponded to a single complete
cycle of bedding use. This time was averaged for each unit,
and the averages compared across the 3 treatments (pine,
pine-aspen mix, control). In addition, water use over a 2-wk
period was calculated for each unit and then compared across
the treatment groups. For behavioral data, we calculated the
average time each of the 24 focal subjects spent in various be-
haviors before (baseline) and after (bedded) the shavings were
added to the SH units. Assumptions of normality were tested
for all variables. Nonbehavioral data were analyzed by using
one-way ANOVA (or Kruskall-Wallis when data did not meet
the assumption of normality even after transformation) with
treatment (for example, pine, pine-aspen mix, or control) as the
grouping variable. Kruskall-Wallis is a nonparametric test that
does not make any assumptions about distributions; no power
analyses were performed because none of those available are
appropriate for this test type.?” Behavioral data were analyzed
by using 2-way mixed ANOVA, with before and after bedding
as the within-subject variable and treatment as the between-
subject variable. An exception was made for foraging data;
because so few animals forage when bedding is not present, we
categorized the groups as ‘showed foraging behavior’ or ‘did
not show foraging behavior” and looked for differences across
treatment by using %2 analysis. Data are presented as mean +
SEM; o values were set at 0.05. SyStat 11 (Systat Software, San
Jose, CA) was used for all analyses.

Results
The addition of dry bedding to SH units had no perceptible
negative effects on the macaques, personnel, or facility. Clinical
concerns regarding the bedding (increased wound contamina-
tion, impaired ability to perform health observations, excessive
eating of bedding) did not occur. Environmental temperature

Dry bedding for rhesus macaques

regulation was not affected by the bedding, although the ap-
plication of water (mist, swimming pools, ice blocks) as an
enrichment modality was excluded during the study in all
groups to avoid excessive soiling. Despite the perception of
increased physical effort for the staff, no occupational health
concerns (repetitive motion injury, dust irritation) were reported
during the study period.

Behavioral observations. There were no differences in behavior
between female macaques in the SH units bedded with pine or
the pine—aspen mix (data not shown). Therefore we combined
the 2 groups for further analyses. Animals in bedded units
showed less aggression and self-grooming compared with those
in control units (aggression: FL22 =10.10, P = 0.004, Figure 2 A;
self-grooming: sz =9.75, P = 0.005, Figure 2 B). There were no
differences in other behaviors including social grooming (F, ,,
=257, P = 0.12) and time spent in social behavior (proximity,
touch, and so forth; FL22 =0.044, P =0.52).

Macaques in bedded SH (1 = 16) were more likely to forage
than were subjects in control units (that is, nonbedded SH, n =
8; x2 =4.36,df =1, P = 0.037). Only 2 of the 8 macaques in the
control units showed any foraging behavior (overall average for
8 animals = 4.04% + 0.31% of time spent in foraging behavior).
In contrast, all 16 female macaques in bedded SH spent some
time foraging (average time, 13.83% + 1.60%). Macaques in the
bedded groups spent a small amount of time eating the bedding
(1.39% £ 0.19%), but this behavior did not result in any clinical
problems. Animals that ate shavings tended to do so right after
the bedding was placed in the SH units.

Time in motion. Data for the time-in-motion analysis did not
meet the assumptions of normality, even after transformation;
we therefore used nonparametric analyses. Husbandry time
needed to maintain units did not differ between SH with or
without bedding over a 2-wk period (Kruskall-Wallis H= 0.73,
P = 0.69, Figure 3 A). Control units required 375 * 11 min to
service, whereas units with mixed shavings took 386 + 32 min
and SH with pine shavings needed 496 + 89 min.

Operational costs. Units with shavings used significantly
(Kruskall-Wallis H="7.1, P = 0.03) less water over a 2-wk period
than did nonbedded control units. Control units used 6375+ 187
gallons whereas units bedded with mixed shavings used 1269
+ 69 gal and pine shavings used 1328 + 91 gallons (Figure 3 B).
Again, the difference in water usage between mixed and pine
shavings was not significant. The cost of water to wash down a
single nonbedded shelter every day for 2 wk was $44.75 (852 ft?
of water used)—this figure includes both the cost of the water
from the local water district and the sewage fees. The cost of
water to wash down after 2 wk of bedding with pine shavings
was $9.32 (178 ft%) and $8.17 (156 ft*) with mixed shavings. These
data demonstrate an 80% reduction in water use for bedded
shelters compared with nonbedded shelters.

There were additional costs associated with the disposal of
the used bedding. The cost to dispose of the bedding removed
by spot-cleaning after the first week was $6.14 per SH. The cost
to dispose of the used bedding every 2 wk was $24.56 per SH.
The total cost for water and waste removal for 2 wk of the pine-
shavings treatment was $40.02 (11% reduction compared with
those for controls). The total cost associated with the use of the
mixed-shavings treatment was $38.87 (13% reduction).

Discussion
Our 4-wk study revealed that the use of a bedding substrate
both increased normal behavior (foraging) and decreased
undesired behaviors (aggression and self-grooming), and is
therefore an important tool to improve wellbeing for captive
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Figure 2. (A) Frequency of aggression (threats, bites, and so forth)
for animals in control and bedded units during the baseline (black)
and treatment (white) portions of the study. Subjects in bedded units
showed less (F, ,, =10.1, P = 0.004) aggression than did those in control
units. (B) Percentage of time macaques in control and bedded units
engaged in self-grooming behavior during the baseline (black) and
treatment (white) portions of the study. Subjects in the bedded units
spent less (F ,, = 9.7, P = 0.005) time self-grooming than did those in
the control units.

NHP. This outcome supports our first and second hypotheses:
that dry bedding increases normal behavior and decreases ab-
normal or undesired behavior. Not surprisingly, the presence
of bedding promoted foraging behavior. All macaques were
given the same food and enrichment items, but the animals in
the control group tended to consume these foods rather quickly
and therefore showed little foraging behavior during the ob-
servation periods. In contrast, the bedded groups continued to
forage for food long after it was provided. Social aggression in
breeding groups incurs considerable costs. Approximately one
third of the clinical cases at our facility are due to conspecific
trauma. Reducing fighting injuries improves welfare, increases
the long-term stability of the breeding group, and thus increases
productivity.511-1416-17.20-222530 Other behaviors, such as social
grooming and eating, did not differ with the presence of sub-
strate. More work is needed to determine whether bedding
would affect behavior over the long-term. For example, will the
effect diminish with time of exposure as the monkeys habituate
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Figure 3. (A) Amount of personnel time (min) needed to clean (wash,
change bedding, spot-clean bedding, clean outside units) control units
and those with either pine or pine-aspen mix shavings over a 2-wk pe-
riod. There was no significant difference in technician time (H = 0.73,
P =0.69) among bedding types. (B) The amount of water used (gallons
per 2-wk period) in sanitization procedures for the nonbedded control
units and units bedded with pine or pine-aspen mix shavings. Units
with shavings used significantly (Kruskall-Wallis H = 7.1, P = 0.03)
less water than did nonbedded control units.

to the stimulus, or will the beneficial effect be sustained? Fur-
ther, although we noted a decrease in self-grooming, we do not
know whether that outcome resulted in a decrease in alopecia;
we were unable to assess alopecia due to the short duration of
our study. Furthermore, we were unable to determine whether
the bedding affected seasonal differences in behavior. We ended
our study right before the start of the breeding season, a time
known for increased aggression.?! These questions are being
addressed in a long-term study.

No clinical concerns (for example, contamination of wounds)
were raised in the units that contained bedding. Some monkeys
did eat the bedding, but none required clinical intervention as a
result. We did not evaluate the incidence of conspecific trauma,
but a next logical next step would be to determine whether less
aggressive behavior translates into fewer traumatic injuries and
less need for clinical and behavioral intervention.

Unlike others,® we did not see a decrease in personnel time
necessary to maintain the SH in this study. This result may

250



reflect our small sample size, which can lead to the lack of
sufficient statistical power to reveal differences among groups.
The amount of time necessary to clean the bedded SH varied
much more widely than did that for the nonbedded groups.
The SEM for the control groups was only 11 min, whereas the
SEM for the mixed-shavings group was 32 min and for the
pine-shaving group was 89 min. This variation is likely due,
at least in part, to the fact that although we tried to control for
demographic variables such as density and juvenile-to-adult
ratios across treatment groups, we were not unable to control
all factors completely. Density in particular seemed to have a
greater effect on the time needed to clean bedded SH compared
with nonbedded SH. The presence of urine made it difficult to
shovel out the shavings but had no effect on daily cleaning.
The amount of urine in the bedding was presumably related
to the number of macaques. One of the pine-bedded groups
comprised more than 50 macaques and that unit was the one
that took the longest to clean. Unfortunately, our small sample
size (4 groups per treatment) did not allow us to examine the
effect of treatment on density. More work with larger sample
sizes and longer study durations is needed to determine
whether the use of shavings differentially affects groups with
high or low densities.

In a modification from the current study, personnel cur-
rently are using a large vacuum to remove the bedding. It
now takes a single caregiver about 1 h to remove and dispose
of the bedding, whereas it took 2 or 3 people about 90 min to
remove the wood shavings without the vacuum. The finding
that dry bedding had a negligible effect on human resources
was exceedingly important psychologically for the husbandry
staff. The acceptance and adoption of dry bedding hinged on
this result in particular, and therefore this finding is crucial to
the change initiative.

The use of bedding decreased water use, as found previously.®
In fiscal year 2011, our facility spent approximately $335,000 on
water-related costs, including sewage fees, permits, and month-
ly payments toward service development charges. Switching
to consistent and regular use of dry bedding in 12 SH provides
direct annual water savings of about $11,000. If dry bedding
were implemented in all 32 SH units, savings approach $30,000.
This outcome supports our third hypothesis: that dry bedding
decreases operational expenses although labor is unchanged.
If the use of dry bedding becomes a consistent regular part of
our operations, alternate methods of disposal that may be more
cost effective and provide additional benefits can be explored.
For example, the soiled bedding might be used as an alternative
fuel source or for composting.

The current study indicates that for our facility, the benefits
of wood-shaving bedding substrate include financial savings
and water conservation. In addition, the labor associated with
maintaining bedded units is equivalent to that of nonbedded
units and, with the addition of the vacuum system, may even
be less. Overall, dry bedding proved to be a cost-effective en-
richment strategy for group-housed NHP and added value to
multiple systems.
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