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SHORT C O M M U N I C I T I O N S  

Capturing and Marking Howler Monkeys for 
Field Behavioral Studies 

NORMAN J. SCOTT, JR., ALAN F. SCOTT, and LINDA A. MALMGREN 
University of Connecticut 

ABSTRACT. Methods for capturing and marking howler monkeys for ecological studies are 
discussed. Systems for capturing and handling animals are compared. A dart with liquid 
Sernylan for capture and Sernylan or Ketasaine as a holding drug was preferred to darts 
using powdered succinylcholine chloride (SCC) and ether. The effectiveness of both 
Sernylan and SCC is compared and dosages are given for Sernylan in howler monkeys and 
SCC for howlers and capuchins. The advantages of Ketamine over ether as a holding drug 
are discussed. Animals can be marked with leg-bands, collars, and freeze-branding. 

INTRODUCTION 

Primates in general and howler monkeys (Alouatta) in particular live in well-defined 
semi-exclusive social units. Though there have been many field studies of howler 
monkey behavior, the population structure has been difficult to assess. Observation 
of important population genetic parameters such as fecundity, longevity, age to 
maturity, and movements between troops would be facilitated if individuals could be 
clearly recognized in the field, both for short- and long-term studies. 

We have developed the field methods necessary to capture mantled howler monkeys 
(A. palliata), and mark them for observation. Although unique aspects of howler 
monkey behavior facilitated their capture, the methods discussed below should be 
practical for use with other species of primates as well as other mammals. 

The main study area was Finca La Pacifica, a cattle ranch 7 km NW of Canas, 
Guanacaste Province, Costa Rica. Between July, 1972 and March 1975, more than 
130 animals were captured, many of them more than once. 

In addition, during January, 1973, 22 monkeys were captured on Barro Colorado 
Island (BCI) in Gatun Lake in the Canal Zone. 

This paper will discuss the capture, handling, and marking of the monkeys. An 
important aspect of  the study is a detailed comparison of the different drugs used for 
capturing and handling the monkeys. 

MATERIALS AND METHODS 

Howler monkeys are extremely phlegmatic and can be closely approached. It was 
possible, with patience, to obtain shots within the 15 m range of  accuracy of  the gun. 
Wherever possible the person shooting the gun would try to position himself with 
respect to the monkey so that the minimum amount of  vital regions were visible. 
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Thus, if a dart missed the best target, it would entirely miss the animal rather than hit 
the abdomen or head. 

A 1.0• 1.5 meter canvas with handholds for two people was used to catch the 
animals when they fell. OccasionaUy a monkey would hit the ground, but falls up to 
20 m onto forest litter did no observable damage. A hand-operated resuscitator was 
used to administer artificial respiration in the event that depression of diaphragm 
activity by the drug interferred with breathing. 

Succinylcholine Chloride (SCC) 
During the initial phase of the Costa Rican study, monkeys were immobilized with 

darts designed to transport powdered pharmacological agents. The Pneu-dart system, 
developed by ROBERT WALDEISEN 1~ (LIscINSKY et al., 1969), uses a COs-powered gun 
equipped with a 1.5 power scope. This system was used to deliver injections of the 
muscle relaxant succinylcholine chloride (SCC). The disposable darts were loaded 
with 18 mg (4-2 mg) of drug in a field laboratory by use of a loader developed by 
WALDEISEN especially for this project. 

Shots were taken at distances of 15 m or less. Beyond this range accuracy was not 
sufficient to consistently hit the target areas which were seldom larger than 7 cm in 
diameter. All of our effective shots were placed in the hind leg, tail, or lower back. 
Darts that entered other parts of the body such as the abdomen or chest did not bring 
the monkey down. This is attributed to the fact that the drug must enter a capillary 
bed and be subsequently delivered to the muscle mass on which it acts. 

Phencyclidine hydrochloride (Sernylan) 
For the Panama phase of the study, and subsequent work in Costa Rica, WALOEISEN 

developed a liquid-carrying dart (0.4 ml capacity) that enabled us to use phencyclidine 
hydrochloride (Sernylan) as the capture drug. This permitted us to shoot at longer 
ranges (to 20 m) because the drug was effective even when placed in the back or chest. 

Ether 
During the first Costa Rican trip, animals that had recovered from the SCC 

capture dose were immobilized with ether administered in a face mask. One person 
monitored the extent of the anesthesia and applied sufficient ether to keep the animals 
under light sedation. 

Ketamine HCI 
In the Panama studies, Ketamine was used instead of ether to immobilize animals 

after capture. 

RESULTS AND DISCUSSION 

DRUG DOSAGES 

Succinylcholine Chloride 
The only available information for SCC dosages for non-human primates is that 

published by THOMAS (1961) for a single spider monkey (Ateles sp.). In the present 

1) Pneu-dart Inc., P. O. Box 388, Williamsport, Pa. 17701. 
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study,  p re l iminary  dosages were de te rmined  for  two capt ive  capuchin  monkeys  

(Cebus albifrons; Table  3) a t  the  New Eng land  Reg iona l  P r imate  Center .  Based on 

this in format ion ,  doses  o f  a b o u t  13.5 and  18 mg were loaded  into  dar t s  and  used on  

wild howlers .  The  lower  dose was ineffective and  the second dosage  (abou t  4.2 mg/kg)  
became ou r  s t andard  dart .  

There  was a wide range o f  ind iv idua l  reac t ion  to the  d rug  (Table  1). The  med ian  

t ime t aken  for  an an imal  to fal l  af ter  being shot  was five minutes ,  bu t  several  monke ys  

took  much  longer  or  d id  no t  fal l  a t  all.  Some var ia t ion  undoub ted ly  resul ted f rom 
poo r ly  p laced  shots,  bu t  a large c o m p o n e n t  o f  the var ia t ion  appea red  to  be f rom true 

differences in sensit ivity to the  drug.  F o r  example ,  n u m b e r  17, a juveni le  female,  was 

shot  twice with wha t  were j udged  to  be effective shots  but,  a l though  weakened,  d id  
not  lose comple te  muscle control .  A n o t h e r  pa r t i cu la r ly  res is tant  an imal  was n u m b e r  

10, an  o ld  female,  which  was hi t  in the  th igh  with  three darts ,  to ta l ing  45 mg o f  SCC, 

within a 40 minute  period.  Again ,  the  an imal  was weakened  bu t  wou ld  no t  have fal len 

f rom the tree wi thou t  intervent ion.  
On the o ther  hand,  13 o f  23 cap tu red  an imals  requi red  artificial  resp i ra t ion  for  

per iods  up  to 45 minutes.  Two deaths  could  be  a t t r ibu ted  to SCC overdoses.  A 

450 g infant  accident ly  hit by  a dar t  fell wi th in  one minute  and died wi thin  10 

Table 1. Succinylcholine captured animals. 
Total Down Artificial 

Animal Troop Weight Darts dose Dosages time respiration 
No. No. Sex (kg) (No.) (mg) (mg/kg) (min) (min) 

la I M 5.1 1 18 3.5 4 10 
lb I M 5.1 1 18 3.5 6 20 
2 I F 4.3 1 18 4.2 5 2 
3 I F 4.1 1 18 4.4 5 30 
4 I M 5.1 1 18 3.5 6 0 
5 I F 4.5 117 18 4.0 6.75 0 
6 I Msuv 0.5 1 18 36.0 1 90~ 
7 I Fjuv 3.8 1 18 4.7 9 0 
8 I F 4.2 1 18 4.3 13 0 
9 V F 4.6 1 18 3.9 3.75 22 

10 VI F 4.0 31~,8) 45~ 11.4 _4) 0 
11 p9 M 4.5 1 18 4.0 3 25 
12 I Mjuv 3.0 1 18 5.9 6.5 0 
13 IV F 3.8 1 18 4.8 5 15 
14 V F 3.6 1 18 5.0 7.5 10 
15 IV F 3.8 1 18 4.7 7 0 
16 VII F 4.4 1 18 4.1 6.25 I0 
17 I F~u~ 3.0 2o 32e) 10.5 337) 0 
18 p9 Mju~ 4.2 21~,8~ 368~ 8.6 12 0 
19 III F 3.9 1 18 4.6 3.25 30 
20 VII F 4.4 1 18 4.1 4.75 8 
21 V F 4.7 1 18 3.8 1.75 45 
23 VII F 5.1 1 18 3.5 6.75 15 
24 VII F 4.1 1 18 4.4 8 0 
259) V F 4.1 1 18 4.4 6.4 0 
1) Each of these animals was shot first with an ineffective dart, allowed to recover, then shot again 
with the number of darts indicated. 2) Died during this period. 3) Administered over a 40 minute 
period. 4) Never completely drugged. Was knocked from the tree. 5) Peripheral male. 6) Administered 
over a 21 minute period. 7) Shaken from the tree. 8) Administered over approximately 45 minutes. 
9) Captured Dec. 28, 1972. 
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minutes  in spite o f  artificial respira t ion.  The  other  dea th  was o f  a 5.1 kg male  tha t  

had  been cap tured  successfully twice wi th  18 mg doses. After  he had  apparen t ly  

recovered f rom the second capture ,  he was given 9 mg SCC wi th  a syringe to facil i tate 

handl ing.  His  brea th ing  s topped  and he died under  artificial respira t ion.  Apparen t ly ,  
he had  no t  recovered sufficiently f rom the cap ture  dose. 

Phencyclidine HCI (Sernylan) 
Sernylan is one o f  the most  c o m m o n l y  used drugs in pr imate  l abora tor ies  (MARTIN 

et al. ,  1972). The capture  dose was l imited to 40 mg by the capac i ty  of  the darts ,  and  

the dosage  ranged between 2.9 and 6.4 mg/kg  for  the monkeys  cap tured  (Table  2). 
Except  for  those tha t  hung by  their  tails, all  solidly hit  an imals  came down.  N o  

per iods  o f  crisis or  fatal i t ies occurred with these dosages and artificial respi ra t ion  

was no t  needed. 

Table 2. Sernylan captured animals. 
Total Down 

Animal Troop Weight Darts dose Dosage time 
No. No. Sex (kg) No. (mg) (mg/kg) (min) 

1 I M 7.8 1 25 3.2 27 
2 Il  F 5.0 1 25 5.0 45 
3 III F 6.2 1 25 4.0 11 
4 - -  F 3.1 1 25 8.2 3.25 
5 V M 8.6 1 25 2.9 7.5 
6 VI F 6.4 1 25 3.9 11.5 
7 VI M 8.5 1 25 3.0 14 
8 III F 7.1 1 25 3.5 13 

10 IV F 6.7 1 25 3.7 44 
12 III F 5.9 1 25 4.2 13.5 
13 V M 8.9 l 30 3.4 4017 
14 m M 7.4 1 30 4.1 15 
15 - -  M 9.8 1 30 3.1 7 
16 III M 7.3 1 30 4.1 64 
17 III F 7.6 1 30 3.9 9 
19 VII F 6.2 1 30 4.9 5 
21 V M 8.5 1 30 3.5 65 
22 V F 7.5 2 60 8.0 14037 
2627 III F 4.7 1 30 6.4 10.5 

1) Shaken from tree. 2) Captured in Costa Rica. Animal and troop number refer to the La Pacifica 
series. 3) Became caught in small branches. 

Table 3. Intramuscular succinylcholine chloride doses and their effects on captive male Cebus 
albifrons. Down time is calculated as the number of  minutes following the injection before 
immobilization. Recovery time is the time measured from the injection until the animal 
regained an upright posture permanently. At least 30 minutes elapsed between complete 
recovery and subsequent injections. 

Down Recovery 
Monkey Weight Dose Dosage time time 
(No.) (kg) (mg) (mg/kg) (min) (min) 
828-70 2.52 2 0.8 1.0 7.5 

4 1.6 1.25 10.5 
10 4.0 0.50 70.0* 

829-70 2.30 2 0.9 3.0 6.0 
4 1.7 2.75 20.0 

*Artificial respiration and oxygen administered. 
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Ether 
Ether was applied as needed by one person. The extent of  relaxation was determined 

by tail muscle tone. One fatality in 23 animals handled was caused by this drug. 

Ketamine HCI 
In Panama, Ketamine injected into a muscle mass was used to immobilize the 

monkeys for laboratory work. The first dosage was usually about 0.3 ml/kg (30 
mg/kg). Subsequently somewhat smaller doses were needed every half  or three- 
quarters of  an hour. No distress or excessive salivation was noted with this drug. 

COMPARISONS OF DRUGS 

SCC and Sernylan 
The problem of rapidly immobilizing small to medium size, very active mammals  

is not solved by our capture system. We put Sernylan-loaded darts in both coatis 
(Nasua narica) and peccaries (Tayassu tajacu) in the forest, but they could not be 
followed after they were startled. Three coatis were immobilized in the living area on 
BCI where they had habituated to humans. SCC is more promising than Sernylan for 
these kinds of  animals because it acts faster, but a very effective dose would be 
certainly fatal without artificial respiration. 

Our two sets of  field observations allow a detailed comparison between the two 
capture drugs (Table 4). Sernylan seems to be the drug of  choice for our work. The 
major advantages are that it is safe and it can be injected almost anywhere in the 
animal. It  is slower acting than SCC and it takes much longer to wear off; Sernylan 
effects persist for 1 �89 to 4 hours. No obvious psychological t rauma was observed, 
although Sernylan is known to be psychoactive (DOMINO, 1964). About  one-tenth of  
the monkeys shot with Sernylan were not captured because they hung by their tails 
and did not fall even though they were completely unconscious. A male hung for 
more than 3�89 hours with repeated Sernylan injections. This problem did not occur 
with SCC which is a muscle relaxant. Excessive salivation was not noted with any 
drug that we used. 

SCC acts more quickly and wears off faster than Sernylan, but the disadvantages 
are greater. The liquid form would be more convenient than the powder, which must 
be loaded in the darts in the laboratory, but the solutions must be kept refrigerated. 

Table 4. A comparison of the advantages and disadvantages of the two capture drugs. 
Advantages Disadvantages 

Succinylcholine 
Chloride 

Sernylan 

Quick acting 
Easily concentrated 
Probably not psychoactive 
Wears off quickly 
Acts as a muscle relaxant 

Artificial respiration not needed 
Chance of lethal dose very low 
Can be effectively injected into any part 
of the body except parts of the head 
Can be injected repeatedly 
Can be loaded in the field 

Often requires artificial respiration or 
O3 
Lethal dose possible 
Must be injected into muscle 
Effect of one injection must wear off 
before another can be given 
Must be loaded in the laboratory 
Slower acting 
Difficult to concentrate 
Psychoactivity not known 
Effects persist for hours 
Drugged monkeys do not completely 
relax 
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SCC must be injected into a muscle mass to be effective. It is also more dangerous 
than Sernylan; two monkeys were killed with overdoses and artificial respiration was 
needed in many cases. 

Ketarnine and Ether 
The two handling drugs, ether and Ketamine, provide another contrast. Ketamine 

has the advantage that constant supervision is not necessary as it is with ether and it is 
safe. The only advantage that we see in ether is that it wears off rapidly, whereas 
Ketamine effects may persist for an hour or two. 

Ketamine would be an excellent capture drug because it acts faster than Sernylan 
and is equally safe. However, effective dosages are about 10 times those of  Sernylan 
and dart capacity is limited. Darts with larger capacities are less accurate and cause 
damage by impact on relatively fragile animals such as monkeys. 

MARKING 

Several different marking devices were tested at La Pacifica. These included spray 
paint, arm bands, ankle bands, ear notches, ear tags, and collars. Arm bands dis- 
appeared within a few days as did the enamel spray paint. Ear notches served for 
permanent identification but they could not be seen with binoculars. (Colored ear 

Fig. 1. Adult female howler monkey with collar and tag. She had been free-ranging for three 
weeks prior to this picture. 
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tags could be seen with binoculars and about  half  were retained for a 2-year period). 
Various types of  collars and ankle bands were used and they are the most  effective 
marking device. A leather collar with a colored aluminum tag was highly visible and 
provided quick and accurate identification (Fig. 1). Monkeys were observed pulling 
and chewing at the collars of  other animals, but the actions were sporadic, short- 
termed and ineffective. Observations on the study troops indicated that these collars 
last about  2 years. 

On BCI, many of  the monkeys were also marked by shaving rings on their tails and 
freeze branding the bare skin with specially designed branding irons dipped in liquid 
nitrogen. Blistering and subsequent infection limited the effectiveness of  this tech- 
nique. However, the hair does grow back white as it does in dogs and other laboratory 
animals including monkeys providing a permanent  means of identification (FARREL 
& JOrINSTON, 1973). The howlers were uniquely coded with combinations of  rings 10, 
20, and 30 cm from the tail base. 

Acknowledgments. ROBERT WALDEISEN, Pneu-dart Inc., has worked closely with us in all 
phases of developing the capture system. Helping us with logistics and field work in Costa 
Rica were J. SCOTT, K. and M. GLANDER, R. REYNOLDS, B. WOODWARD, the HAGNAUER 
family and J. CAMPABADAL of the Organization for Tropical Studies. 

We appreciate the use of the facilities and animals, and the help of the staff of the New 
England Regional Primate Center; especially helpful were T. C. JONES, P. SEHGAL, and J. 
HALL. 

In Panama our way was smoothed by the Smithsonian Tropical Research Institute. K. 
JOHNSON and L. ACKERMAN of the Middle American Research Unit provided us with equip- 
ment, drugs, and storage areas. Field work in Panama was carried out with the aid of R. 
THORINGTON, J. FROEHLICH, and D. WOLF of the Smithsonian Institution Primate Biology 
Program and C. JONES and D. WILSON of the National Fish and Wildlife Laboratory of the 
Fish and Wildlife Service. L. CARPENTER of Rollins College also helped. 

E. DE CARLI and M. SMARTT typed the manuscripts. 
The field work was partially financed by a University of Connecticut Research Foundation 

grant to SCOTT, and a Smithsonian Environmental Science Program grant to TnORINGTON. 

REFERENCES 

DOMINO, E. F., 1964. Neurobiology of phencyclidine (Sernyl), a drug with an unusual spec- 
trum of pharmacological activity, lnt. Rev. NeurobioL, 6: 303-307. 

FARREL, R. K, & S. D. JOHNSTON., 1973. Identification of laboratory animals: freeze mark- 
ing. Lab. AnimalSci., 23: 107-110. 

LISCINSKY, S. A., G. P. HOWARD, t~ R. B. WALDEISEN, 1969. A new device for injecting 
powdered drugs. J. Wildl. Manage., 33: 1037-1038. 

MARTIN, D. P., C. C. DARROW, D. A. VALERIO, & S. A. LEISECA, 1972. Methods of anesthesia 
in nonhuman primates. Lab. Animal Sci., 22: 837-843. 

THOMAS, W. D., 1961. Chemical immobilization. J. Am. Vet. Med. Assoc., 138: 263-265. 

- -Rece ived  January 17, 1975; Accepted July 12, 1975 

Authors' Present Addresses: NORMAN J. SCOTT, JR. and LINDA A. MALMGREN, National Fish and 
Wildlife Laboratory, Museum of Southwestern Biology, University of New Mexico, Albuquerque, New 
Mexico 87131 U.S.A.; ALAN F. SCOTT, Johns Hopkins School of Medicine, 933 Traylor Building, 
Baltimore, Maryland 21205, U.S.A. 


