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Handling procedures for macaques assigned to re search often involve two circumstances that trigger anxiety and fear in

the subjects: removal from the home environment and involuntary restraint. Common responses to this situation include a

variety of distress reactions [1,2] that not only affect the well-being of the macaque but also the validity of research data [3-

18].

Being a veterinarian and behavioral scientist, I recognized a need for refining the common blood collection procedure (Fig.

1). I thought that the intelligent nature of monkeys [19-23] should make it possible to condition them to cooperate during

blood collection in their home environment. Anecdotal reports of laboratory monkeys and apes presenting a limb for blood

collection [12,14,24-27] support the view that it is not necessary in all situations to restrain the animals during this common

procedure.

Figure 1. Anxiety and fear associated with involuntary blood collection away
from the familiar homecage may lead to substantial deviations of the
subject's normal physiological functions, and hence introduce a dependent
variable that is often overlooked by researchers [1].

METHODS

I worked with rhesus monkeys (Macaca mulatta) at the Wisconsin Regional Primate Research Center (WRPRC), and after

several years felt confident enough to start training the animals to present a leg for venipuncture in their familiar

homecage.

I conducted my first trial with the assistance of Russell Vertein, an experienced animal caretaker [28]. We worked with four

pairs of 5-16 year-old female rhesus monkeys who were all familiar with us and showed no fear reactions when either of us

approached their cages. Staff at the center previously habituated the monkeys to saphenous blood collection in a restraint

apparatus away from their homecages. Each pair was housed in a 85 x 85 x 85 cm cage equipped with a squeeze-back.



During days 1-5 of the training, Vertein and I habituated the animals to accepting raisins offered through the mesh of the

cage, while we reduced their cage space by about 75%. The monkeys had enough room to turn and move around. Some

took and ate raisins on the first day, while others accepted them only on day 5. On days 6 and 7, we partially restrained the

females as described above. Then, with my fingertips through the mesh of the cage front, I groomed the leg of each

female for at least one minute and gave raisins as rewards thereafter. On days 8-15, I partly opened the cage door and

cautiously reached for a leg of the female nearest to me. I gently lifted the animal's leg and stroked it for one minute,

rewarded the animal with raisins, and repeated the procedure with the second female. On days 15-23, I lifted and gently

pulled the leg of each female through the cage door. I kept each female in this sham venipuncture position for

approximately 20 seconds before releasing it and offering some raisins in my hand. I pushed the squeeze-back into its

normal position at the end of each training session, and the animals received a raisin reward again.

We completed the training on day 24 by collecting a blood sample from each animal via saphenous venipuncture. Three

females promptly presented a leg on this occasion and showed no resistance during the procedure. The other five,

although less cooperative, did not resist having their legs pulled through the cage door and having a blood sample

collected. All animals accepted the food reward offered after venipuncture, thereby showing us that we had not lost their

trust in the course of the training.

This pilot study with females was so encouraging that I decided to adapt the training program to males[29]. The second

trial included 10 pair-housed, 4-12-year-old, male rhesus monkeys who we had also habituated to saphenous blood

collection away from their homecages. Previously, I gave these males food treats during daily health checks, so they knew

me. Each pair lived in a 85 x 170 x 85 cm high double cage provided with a privacy panel, two perches, and one restraint

mechanism [30]. As a safeguard, I equipped all doors of the restraint compartments with a sliding Plexiglas panel. The

panel had a smooth-edged (28 cm high and 8 cm wide) opening that allowed a male to extend a leg, but prevented it from

protruding its head out of the cage (Fig. 2a,b,c). I trapped the target male by pulling the squeeze-back past the passage

hole of the privacy panel [30]. The other male had free access to the rear portion of the cage and could keep visual contact

with its companion.

I started each training session by enticing the target male (with raisins) to enter the restraint compartment of the double

cage. By pulling the squeeze-back panel, I restricted the male to the front of the cage to the extent that he had to get into

an upright position to turn around. Reaching a hand through the opening of the Plexiglas panel, I touched and stroked the

male's back, grasped one of his legs and gently, yet firmly, pulled the leg out of the cage. I repeated this exercise until the

male tolerated the procedure and spontaneously cooperated by presenting a leg in or through the opening of the Plexiglas

panel. Once a male accepted venipuncture in this situation without showing any signs of resistance, I reduced the spatial

restraint during the final session from approximately 80% to 75-50% floor area, giving the animal enough leeway to freely

turn and move around.

I trained the ten males with strict consistency, and under no circumstances terminated sessions before pulling the subject's

leg out of the cage for a one-minute period time, or before attaining a successful blood collection. Once achieving either of

the two goals, I released the subject and offered raisins as a reward. Unlike the females, I considered the males

successfully trained only if all of them actively presented a leg and accepted venipuncture without any signs of resistance. I

made this modification to minimize the risk of getting bitten, because a voluntarily cooperating monkey should have no

reason to attack in self-defense.



Figure 2a,b,c. Active cooperation of adult rhesus macaques (here, a ten-
year-old male) during in-homecage blood collection can easily be achieved
within less than a cumulative total of one hour of training. Trained animals
promptly present a leg (Figure 2a) and show no distress response during
venipuncture (Figure 2b) they accept food treats as positive reinforcement
(Figure 2c).

I achieved my goal in 16 days. During this time, I invested, on average, a cumulative total of 20 minutes to overcome a

male's resistance to having a leg pulled out of the cage while being restrained. I invested an additional 19 minutes to

ensure that the animal actively presented a leg and displayed no resistance during blood collection, while having enough

room to comfortably turn and move around (Fig. 2a,b). Total training time spent with a male ranged from 16-63 minutes,

with a mean of 39 minutes distributed over 13 individual training sessions. Like the females, none of the males ever tried to

bite, but they did not hesitate to take and eat raisins after completion of each training session (Fig. 2c). While training, I

applied gentle, firm, and persistent patience, thereby making my actions predictable and non-threatening [29,31].

I applied this training protocol to six adult female stump-tailed macaques (Macaca arctoides) [31]. The animals'

responsiveness was equally positive, and all subjects learned to actively cooperate during in-homecage venipuncture

within a two-week period (Fig. 3). Total cumulative training time per individual ranged from 15 -45 minutes with a mean of

34 minutes.



Figure 3. Adult stump-tailed macaques can be trained readily as adult rhesus
macaques to actively cooperate during blood collection in their own cage.

Once trained, all rhesus and stump-tailed macaques cooperated during blood collection, not only with the trainer, but also

with attending caretakers [28,29,31].

INFLUENCE ON CORTISOL LEVELS

I extended my studies to test the hypothesis that training the animals to cooperate during in-homecage venipuncture can

help to avoid distress responses associated with the conventional involuntary blood collection procedures. Taking

increased cortisol secretion as an indicator of distress [32-34], I analyzed the cortisol levels of two blood samples taken in

15-minute intervals from adult rhesus monkeys venipunctured while restrained on a table or in a specially designed

restraint apparatus, and from monkeys trained to cooperate during venipuncture in their homecages [35-37]. Subjects were

routinely bled in these fashions. The time required to get hold of an animal and draw a blood sample was 60-90 seconds

in all three conditions.

Serum cortisol showed a statistically significant increase in animals venipunctured on the table or in the restraint apparatus

(Table 1). The magnitude of cortisol levels was higher in the first than in the second mode of restraint. Neither females nor

males showed a significant cortisol response to blood collection when trained to cooperate during the procedure while in

their homecage (Table 1).



Table 1. Serum cortisol response of adult rhesus macaques to different blood
collection procedures.

These findings lead to the conclusion that training nonhuman primates to cooperate during venipuncture in their familiar

home environment offers an important methodological refinement [3] for research protocols by eliminating significant

cortisol responses. The training benefits not only the research subjects and research methodology but also animal care

personnel by reducing the chances of being bitten, and by eliminating the health risk associated with carrying heavy

animals from their cages to designated treatment areas [38]. Finally, the training offers an effective means of

environmental enrichment [39] for the monkeys and for the animal caretaker by challenging them to establish and foster a

relationship that is based on trust.
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