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Chemical immobilization is a key tool in conservation medicine yet effective protocol for chemical immobilization of the endangered huemul
(Hippocamelus bisulcus) is lacking. The Argentine government protocol follows Chilean capture protocols for this species even though results
have not been ideal. This prompted us to test alternative combinations. One aim was to reduce the medetomidine levels to determine if this
reduced the unwanted side effects. We thus tested and compared five anesthetic drug combinations on the endangered huemul in Argentina to
identify the most effective protocol for capturing free-ranging and captive animals.

We selected five drug combinations as used in other cervid species (Table 1). The government protocol used for group 1 (n = 4; all free-
ranging) was medetomidine 0.12 mg/Kg and ketamine 1.98 mg/Kg. In Groups 2 and 3 (n = 4 and n = 2; half were free-ranging), medetomidine
levels were reduced to minimize hypoxemia and tachypnea commonly reported in Chilean captures.1 For Groups 4 and 5 (n = 2 and n = 2; all
captive deer) ketamine was excluded with the goal to achieve neuroleptoanalgesis.

Captures (n = 14) were conducted during the winters of 2022–2025: seven involved free-ranging adults2 transported up to 35 km to the
Shoonem Breeding and Rehabilitation Center (directed by WTF), while the remaining captures took place within the Center (Table 2).

Table 1. Five drug combinations used for chemical immobilization and reversal of huemul (Hippocamelus bisulcus) at Shoonem Protected Park,
Chubut, Argentina.

PROTOCOL 1 PROTOCOL 2 PROTOCOL 3 PROTOCOL 4 PROTOCOL 5

Anesthesia Reversal Anesthesia Reversal Sedation Reversal Sedation Reversal Sedation Reversal

Ketamine
1.98 mg/kg

Ketamine
1.5 mg/kg

Midazolam
0.2 mg/kg

Flumazonil
0.01 mg/kg

Midazolam
0.05 mg/kg

Flumazonil
0.01 mg/kg

Ketamine
1.5 mg/kg

Medetomidine
0.12 mg/kg

Antipamizole
5:1

Medetomidine
0.08 mg/kg

Antipamizole
5:1

Medetomidine
0.08 mg/kg

Antipamizole
5:1

Medetomidine
0.06 mg/kg

Antipamizole
5:1

Medetomidine
0.05 mg/kg

Antipamizole
5:1

Butorphanol
0.1 mg/kg

Naloxone
0.05 mg/kg

Butorphanol
0.3 mg/kg

Naloxone
0.05 mg/kg

Butorphanol
0.3 mg/kg

Naloxone
0.05 mg/kg

Butorphanol
0.15 mg/kg

Naloxone
0.05 mg/kg

Table 2. Details of the clinically managed huemul individuals and the monitoring parameters recorded during the application of the different
anesthesia protocols along with body condition scores (BCS) at Shoonem Protected Park, Chubut, Argentina. NR: no value registered.

Animal ID Sex Date Protocol Wild or
captive

Time to
recovery (min)

Cardiac
frequency (L/min)

Respiratory
Frequence (bpm)

Estimated
weight (kg)

Body
condition score

1 ♂ 8/21/22 1 Wild NR 32 100 80 2.5

2 ♀ 8/22/22 1 Wild 00:07 32 100 75 3

3 ♀ 8/23/22 2 Wild 0:10 44 96 75 2

4 ♀ 8/24/22 1 Wild 0:10 52–60 60–88 65 2

5 ♂ 8/27/22 1 Wild 0:11 NR 112 75 3

6 ♂ 8/27/23 2 Wild 0:02 44 80–112 75 3

6 ♂ 8/28/24 4 Captive 0:07 44 80 75 3

3 ♀ 8/28/24 4 Captive 0:15 40 40 65 3

7 ♀ 8/29/24 2 Wild 0:08 60 88–96 65 3

8 ♂ 7/31/24 2 Captive 0:00 NR 76–80 65 3

9 ♀ 9/27/25 5 Captive 0:00 48–54 56–80 65 3

10 ♀ 9/27/25 S Captive 0:03 48–54 56–80 65 3

6 ♂ 9/27/25 3 Captive NR 46–54 76–100 75 2

11 ♂ 9/27/25 3 Captive 0:17 46–54 76–100 75 3
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Assessing the body condition of huemul accurately by eye is difficult given their thick fur, which thermoregulates to−50°C.3 The onlyway to
accurately assess body condition, therefore, is by hands-on palpation, then scoring them against a Body Condition Score (BCS) chart.4We used a
score system similar to that of Purinamills.com for deer, which is on a five-point scale, with 5 representing obese fat conditions, and 1 an
emaciated animal. An ideal BCS lies between 3 and 4 and can be as high as 4.5 just prior to the rut, especially in bucks. We used half-
scores (effectively making it a 10-point scale).

Inclusion of ketamine produced faster inductions and made heartbeat and blood pressure more evident for sampling. Other physiological
parameters were similar across all combinations. When comparing the two dart-delivery systems (DANiNJECT rifle versus blowpipe), we found
the blowpipe worked well in all four attempted chemical immobilization cases (2025), all carried out in the center on docile individuals
acclimated to humans.

Developing and refining chemical immobilization protocols for Hippocamelus bisulcus is essential to ensure the welfare of huemul
individuals during captures and translocations in conservation projects. Anesthesia and sedation of huemul pose a challenge due to the
limited species-specific information available and the inherent difficulties of working with wild ungulates in mountainous environments.
The results of this study reinforce the need to interpret the huemul's anesthetic response with caution, as most of the protocols currently
used are extrapolated from other cervid species.

The reference protocol presented physiological limitations, whereas the alternative combinations improved cardiorespiratory stability and
allowed for safer and more predictable recoveries—especially valuable during long transports or in animals under professional care. This
experience highlights the value of adaptive management as a tool to reduce risks and strengthen conservation actions for an endangered
species. Environmental conditions in the huemul's habitat represent another key factor. Capture in steep, hard-to-access terrain not only
affects the logistics of the procedure, but also impacts the animal's physiology, particularly thermoregulation and oxygenation. These
circumstances may explain part of the variability detected in induction and recovery times, as well as in the monitored physiological
parameters. In this regard, access to portable monitoring equipment and strategies to mitigate thermal stress becomes essential to reduce
associated complications.

It is crucial to prioritize techniques that minimize physiological impact, reduce handling time, and allow for safe recovery. Protocols that
ensure rapid, stable, and predictable immobilization are especially important. We conclude that, given how little the huemul has been studied
from this perspective, it is feasible to use different drug combinations that are applied in other cervid species to perform procedures in this
species. Considering the huemul's docile temperament compared with more reactive cervids, it is plausible that lower dosage ranges may
be sufficient to achieve safe and effective immobilization, although additional research is required to confirm this tendency.

From these results, we recommend including ketamin for darting free-ranging animals as it produced faster inductions, and parameters of
heartbeat and blood pressure were more evident during sampling.

Furthermore, we recommend the use of the DANiNJECT blowpipewhenworkingwith huemul in a captive center, when an individual can be
approached within 10 meters without difficulty. This technique will reduce the impact of the dart, resulting in less injuries. In comparison, for
captures of wild huemul, the DANiNJECT rifle is the darting tool of choice, taking into account the further distances encountered in the wild
between the targeted huemul individual and the shooter, with variable and difficult mountainous terrain.

We conclude that in-situ versus ex-situ conditions should guide both drug choice and delivery method.
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Fecal monitoring of progesterone metabolites is a non-invasive approach to evaluate endocrine responses to exogenous progesterone in deer.
This study assessed fecal progesterone metabolite (FPM) profiles in brown brocket deer (Subulo gouazoubira) females (n = 4) subjected to two
protocols: an intravaginal progesterone device with 0.33 g of progesterone (DIP) and a single intramuscular long-acting progesterone (P4LA)
administration of 75 mg, both groups received prostaglandin F2α on D81.1 Daily fecal samples were collected and analyzed using a commercial
immunoassay (CL425, UC Davis). In DIP treatment, mean FPM concentrations (ng/g feces) increased from 1151.9 ± 530.0 on D0 (first day of
treatment), peaked at 14349.5 ± 7994.5 on D1, and declined to 845.6 ± 786.2 on D9 (1 day after withdrawal of DIP), reflecting continuous
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