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Clinical Evaluation and Pathological Findings of Air Rifle Shot in
Slow Lorises (Nycticebus spp.) At The Animal Rehabilitation Center of
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Abstract | Indonesian slow lorises (Vycticebus spp.) are threatened due to habitat loss and illegal trade. Despite their
protected status, slow lorises are often hunted using air rifles. This study aims to evaluate the effects of air rifle wounds
in slow lorises, identify hot spot areas for improved habitat protection, and develop standard operating procedures
for veterinarians in rehabilitation centers. From 2015 to 2022, 16 individual cases of air rifle shot to slow lorises
were documented by Yayasan Inisiasi Alam Rehabilitasi Indonesia (YIARI), accompanied with radiology results and
anatomical gross pathology examination. Medical records were evaluated based on lesions, clinical findings, radiological
findings, surgical or conservative management (treatment), and survival rates. Results showed that twelve slow lorises
did not show clinical conditions, while others experienced ballistic wounds and swelling of the lymphoglandula axillary.
Radiology results from 16 cases revealed there were 29 pellets identified in the regions of the head (28%), the neck
(7%), the shoulder (14%), the forelimb (10%), the thorax (21%), the abdomen (3%), the pelvis (10%), and the hindlimb
(7%). Surgery was performed to remove 16 pellets, with 9 being subcutaneous and 7 intramuscular. Other pathology
gross anatomy findings include encapsulated pellets, entry wounds, and damaged palate tissue. Based on the findings,
the impact of air rifle use is harming the welfare and population of slow loris, also probably other wildlife. Thus, we
recommend that the government improves habitat protection and law enforcement, especially, with regards to air rifle
hunting.
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INTRODUCTIONS and Forestry of the Republic of Indonesia No. P.106/
MENLHK/SETJEN/KUM.1/12/2018. With population

he Slow loris (Nycticebus spp.) are small nocturnal numbers estimated to be in decline, all slow loris species
primates, which are protected in Indonesia are considered threatened according to the International
according to Regulation of the Ministry of Environment Union for Conservation of Nature (IUCN) with Javan
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Slow Lorises Critically Endangered, the Greater Slow
Loris as Endangered, and the Philippine Slow Loris as
Vulnerable (Nekaris ez al., 2020a; Nekaris ez al., 2020b;
Nekaris ez al., 2020c). Meanwhile, included in Appendix I
in the Convention on International Trade in Endangered
Species (CITES) all international commercial trade in
slow lorises is forbidden (Nekaris and Nijman, 2007). The
trade of slow loris is a major threat to these species, where
they are traded domestically and internationally for pets,
traditional medicine, and meat consumption (Nekaris ez a/.,
2013; Nekaris and Starr, 2015; Miard ez a/., 2017; Uprety
et al.,2021). In addition to the conservation implications,
the consumption of bushmeat from wild animals can pose
a significant risk of zoonotic disease transmission and
microbiological contamination, which could become a

public health threat (Temmam ez 4/, 2017).

In Java, there has been an increase in slow loris trade in
markets over the last 25 years (Nijman ¢z /., 2017). Many
slow loris are sold in pet markets and online platforms,
with an average of 43 Javan Slow Loris are offered per
months in online forums (YIARI, 2017; Nekaris and
Nijman, 2019). One of the tools used in hunting is an air
rifle, which can cause injuries to slow loris (Prameswari ez

al.,2019; Permana ez al., 2020).

An initial medical evaluation is required for slow lorises
who arrive at the rescue center to determine their condition
(Cizméfovi et al.,2022). Clinical findings that can be found
in air rifle cases include haemorrhage, organ damage, bone
fractures, and embolism (blockage in artery caused by a
foreign body) (Bradley-Siemens ez a/., 2018). In a study by
Tanrisever ez al. (2017), dogs affected by air rifle wounds
had clinical symptoms in the form of lameness, eftusion,
and hemorrhage. Entry, exit, and intermediate wounds are
specific types of lesions that indicate projectile injuries, and
recording these wounds is essential for determining their
prognosis, evaluation, and treatment (Bradley-Siemens
and Brower, 2016; Stefanopoulos ez a/., 2017; Shrestha ez
al., 2022).

Taking whole-body radiographs is important to support
the examination of slow loris shooting cases, as there is
limited information regarding the causes of injuries
observed during physical examination. Radiographs can
show the characteristics of the shape and density of the
projectile, the location of the projectile in the body, see the
condition of the bone fracture, and help determine the
trajectory of the projectile in the body (Bradley-Siemens
and Brower, 2016).

We found very few reports or studies that provide
detailed information on clinical examinations and
radiography results of slow loris shooting cases in recent
years. Therefore, this study aims to present the findings

from clinical evaluations as supporting evidence to the
examinations and pathological findings in cases of air rifle
wounds caused by air rifle in slow lorises. We also aim to
identify locations when and where law enforcement and
local governments should increase habitat protection to
reduce illegal poaching. We also aimed developed Standard
Operating Procedures (SOPs) for managing veterinarian
actions for slow loris entering rehabilitation centers.

MATERIALS AND METHODS

STUDY POPULATION

The study population included three species of Indonesian
slow lorises: the Javan Slow Loris (Nycticebus javanicus),
the Greater Slow Loris (Nycticebus coucang),and Philippine
Slow Loris (Nycticebus menagensis) were included. This
study included radiography and pathology gross anatomy
documentation of air rifle shooting cases in slow lorises
between 2015 — 2021 at Yayasan Inisiasi Alam Rehabilitasi
Indonesia (YIARI), Bogor.

STUDY VARIABLES
The variable used for this study included species, age, sex,
lesion, clinical findings, radiograpical findings, treatment,

and outcome. These variables were taken based on the
methods of Tanrisver ez al. (2017).

INCLUSION AND EXCLUSION CRITERIA

Theincluded data must contain documentation of pathology
gross anatomy and radiological examination results in the
medical records. Data was excluded if documentation of
gross anatomical pathology has poor image quality and is
in black and white. Data was also excluded if radiographs
were illegible or could not be interpreted. More details are

listed in Table 1.

PHOTOMICROGRAPHY

The radiography examination was performed under
Genoray Port X-II portable dental x-ray with Agfa
ORTHO CP-GU M 24 x 30 cm or Fuji Medical X Ray
Film Super HR-U 24 x 30 cm and then captured by a
Canon 700D camera for digitalization of radiography
image. Pathology gross anatomy findings were captured
using a Nikon J5 camera and personal phone.

DATA ANALYSIS
'The data was processed using Microsoft Office Excel 2019

program and then discussed descriptively.

RESULT'S AND DISCUSSION

A total of 492 medical records at the YIARI rehabilitation
center between the period of 2015-2022 were examined.
A total of 51 individual cases involving shooting incidents
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Table 1: Criteria inclusion and exclusion for data selection.

No. Inclusion criteria
1. Medical record in 2015 — 2022.

2. Javan Slow Loris (Nycticebus javanicus), Greater Slow Loris
(Nycticebus coucang), and Philippine Slow Loris (Nycticebus
menagensis).

3. Slow lorises shot by an air rifle.

Medical records contain documentation of pathology gross
anatomy and radiological examination results.

were found: 49 cases were based on radiology results and
18 were based on pathology gross anatomy results. Data
selection was carried out based on inclusion and exclusion
criteria, resulting in 16 individual cases of data, which are
detailed in Table 2.

The slow lorises included in the research subject is the
Javan slow loris, which came from Bandung, Bogor,
Ciamis, Cianjur, Cirebon, Jakarta, Bandung Regency, West
Bandung Regency, Kuningan, and Majalengka (Figure
1). The greatest number of slow lorises came from Bogor,
with three individuals, and Ciamis, with three individuals.
Previous research (Munds ez a/, 2008; Winarti, 2008;
Widianaefal.,2013; Nekaris eza/.,2014,2017) has indicated
that these areas are the habitat of the Javan slow loris.

'
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Figure 1: The area from which the slow lorises were
rescued.

CLINICAL EVALUATION FROM RADIOGRAPHY IMAGING
Radiology reports from the period 2015-2022 revealed
49 cases of slow lorises being shot by air rifles. Only 16
cases were selected based on predetermined inclusion and
exclusion criteria. The data presented in Table 2 includes
clinical findings, anatomical pathology, and radiology. Data
shows that 12 slow lorises who entered the rehabilitation
center did not show any clinical condition, while 4 others
experienced conditions in the form of ballistic injuries,
swelling of the lymphoglandula axillary, tooth fractures,
and upper respiratory tract infections (URTT).

Exclusion criteria

‘There was no documentation of anatomical pathology and
radiological examination results.

Anatomical pathology documentation with poor image quali-
ty (too low resolution) and in black and white.

Radiographs that are illegible or cannot be interpreted

Radiography imaging (Figure 2) is differentiated into eight
regions, head, neck, shoulder, forelimb, thorax, abdomen,
pelvis, and hindlimb, based on previous research (Diogo et.
al., 2014, 2018; Casteleyn e al., 2023a, b).

Figure 2: Anatomy region in slow loris radiography
(YIARI, 2019).

A total of 29 pellets were identified from the radiology
results from 16 cases were 8 pellets were present in the
head region, 2 pellets in the neck region, 4 pellets in the
shoulder region, 3 pellets in the forelimb region, 6 pellets
in the thorax region, 1 pellet in the abdomen region, 3
pellets in the pelvis region, and 2 pellets in the hindlimb
region. Schematically, the locations of the pellets are
shown in Figure 3. Most pellets were identified in from
the radiology results of individual 012P2022 with a total of
5 pellets lodged in the head, neck, and pelvis regions. Most
of the pellets lodged in the shoulder, thorax, and abdomen
regions were in the dorsal part of the body.

O Head

Neck

O Shoulder

Forelimb

Hindlimb

Figure 3: Schematic representation of pellet location

findings.
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Table 2: Cases of air rifle shootings in slow lorises that have radiography and anatomical pathology reports.

No. Code Spe- Age Sex Location Lesion Clinical findings Radiology findings Treat- Out-
name cies ment  come
Ny, 1/ M/ Pellet Pelletlocation Fracture
NC/ J/S/ F) amount
NM) A)
1. 01A20 NJ] A F Bandung Pelletintactin subcuta- - 1 Left forelimb - Op.and Alive
neous left forelimb Cons.
2. 02B20 NJ A F Ciamis Entry wound in abdomen Ballistic wound 1 Pelvis = = Alive
03C20 NJ A F Bogor Pellet intact in subcuta- - 1 Right forelimb - Op.and Alive
neous right forelimb Cons.
4. 04E22 NJ A F Bandung Pelletintact and encap- Swollen axillary 1 Left forelimb - - Dead
Regency sulated in intramuscular  lymph nodes
left hemithorax
5. 05H19 NJ] A F Bogor 1 pelletintactin subcuta- - 3 Head and = Op.and Alive
neous head abdomen Cons.
6. 06122 N A F  West - Broken teeth 1 Head Fractured - Alive
Bandung teeth
Regency
7. 07720 NJ A M Ciamis Pelletintact in subcuta- - 1 Head - Op.and Alive
neous head Cons.
8. 08K18 NJ A F Ciamis Pelletintact in subcuta- - 1 Left hindlimb - Op.and Alive
neous left hindlimb Cons.
9. 09L18 NJ A M Bandung 1 pelletintactinboth - 3 Head, thorax, - Op.and Alive
subcutaneous head and dan left hind- Cons.
left hindlimb limb
10. 10M19 NJ] A M Ma- Entry wound in head Upper respiratory 2 Head dan left - Op.and Dead
jalengka (pallatum) tract infection forelimb Cons.
(URTT), Abrasion
wound in forehead,
ballistic wound
11. 11P15 NJ A F  Jakarta  Pellet intact in intramus- - 1 Shoulder = = Dead
cular left forelimb
12. 12P22 NJ A M Cirebon 1 pellet intact in subcuta- - 5 Neck, thorax, - Op.and Alive
neous abdomen vertebrae, dan Cons.
pelvis
13. 13R20 NJ A M Cirebon 1 pelletintactin both - 4 Neck, shoulder, - Op.and Alive
subcutaneous thorax and thorax, and Cons.
right forelimb right forelimb
14. 14517 NJ A F Bogor 1 pelletintactinboth - 2 Head dan = Op.and Alive
subcutaneous neck and thorax Cons.
thorax
15. 15519 NJ A F  Kuningan Pellet intact in subcuta- - 1 Thorax Fracture Op.and Dead
neous thorax vertebrae  Cons.
8-9
16. 16520 NJ A M Cianjur Pellet intact in subcuta- - 1 Head = Op.and Alive
neous head Cons.

NJ: Nycticebus javanicus, NC: Nycticebus coucang, NM: Nycticebus menagensis, I: Infant, J: Juvenile, S: Sub-adult, A: Adult, M:

F: Female.

Pellets lodged in dorsal part of the body (back, thigh, or
backside) may be a result of the slow loris’s body position
when sleeping in trees. Slow lorises have a tendency to
roll up into a ball-like position covering the front of their
head and extremities. This would result in the caudal part
of the head and the entire dorsal part be more exposed
to pellets from air rifle hunters (Figure 4). The perceptible
visualization of the slow loris back can quickly become a

Male,

shooting target for hunters.

Hunting time may also be a factor influencing the number
of pellets found the head region. The nocturnal slow loris
possesses a tapetum lucidum, a biologic reflector system
common in the eyes of many vertebrates, which functions
to enhance visual sensitivity at low light levels (Ollivier

et al., 2004; Beltran ez al., 2007). When light is shone in

June 2024 | Volume 12 | Issue 6 | Page 1129

P o e .
Qals Links
OResearchers



OPEN 8ACCESS

Advances in Animal and Veterinary Sciences

the eyes of an animal with a tapetum lucidum such as a
slow loris, the eyes glow a golden yellow color due to the
presence of riboflavin crystals (Pirie, 1959; Beltran ez a/.,
2007). These glowing eyes can act as a target for hunters
who hunt at night with torches (Figure 5).

19/8/2022

Figure 4: The rounded shape of the slow loris when
sleeping (YIARI, 2016; 2018; 2022).

Altria Destriana Fath {2023

Figure 5: The slow lorises eyes are reflective due to the
presence of the tapetum lucidum.

It is hoped that the findings of this study will help aid
the Nature Resources Conservation Agency (BKSDA)
and other conservation institutions in the conservation of
slow lorises, primarily with regards to the identification
and medical treatment of air rifle wounds in rescued slow
lorises. If a potential air rifle wound, is found in slow loris, it
is reasonable to suspect that the animal may have been shot.
Further examination, such as a radiological examination, is
needed to confirm the pellet’s presence and the condition
of the body, potentially causing organ damage and fracture.

The slow lorises rescued identified with air rifles wounds
during this study originated from several different areas

in West Java (Figure 1). Hunting protected animals with
air rifles is strictly prohibited and indicates that additional
habitat protection and socialization on the legal use of air
rifles in these areas is required. Camera traps can also be
used for indirect monitoring to expand the monitoring area
and increase efficiency. It is hoped that increased patrols
and law enforcement will reduce illegal wildlife poaching
crimes.

PATHOLOGY FINDINGS

Pellets that enter the body can remain embedded in various
types of tissue, as shown by gross anatomical pathology
results in the form of intact pellets in subcutaneous tissue
(Figure 6), intact pellets in intramuscular tissue (Figure 6),
and entry wounds (Figure 8). Medical records from YIARI
show that from 29 pellets identified, 16 could be removed
through surgery, with nine being subcutaneous and seven
intramuscular. The pellets were taken from 12 individuals
with the following codes: 01A20, 03C20, 05H19, 07]20,
08K18,09L.18,10M19, 12P22, 13R20, 14517, 15519, and
16520.

M .
Figure 6: Intact pellet in the subcutaneous part of the
head of individual 07J20 (A) and an intramuscularly intact
pellet in the left forelimb of individual 11P15 (B) (YIARI,
2015; YIARI, 2022).

The air rifle shoot case in individual 04E22 showed the
occurrence of fibrous encapsulation of the pellet (Figure 7).
Li and Zreiqat (2019) described the fibrous encapsulation
process can occur when foreign objects enter the body
as one of the body’s defense mechanisms. The healing
process will be initiated by monocytes and macrophages
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after inflammation occurs, which then enter the stage
of granulation tissue formation that originates from the
proliferation of fibroblast cells and vascular endothelial
cells. Components in granulation tissue, together with
multinucleated macrophages (foreign body giant cells),
trigger a process called a foreign body reaction. This foreign
body reaction process is the initial stage of the fibrous
capsule formation process. Fibroblasts will form a vascular
and collagenous fibrous capsule surrounding the foreign
object. This encapsulation limits interactions between
foreign objects that enter the body and the surrounding
tissue.

> & o PR L e
Figure 7: Encapsulated pellet in individual 04E22 (YIARI,
2022).

~

"

Figure 8: Entry wound in abdomen individual 02B20
(YIARI, 2020).

Ballistic wound findings were only seen in individual
002B2020 (Figure 8). The wound is round and appears to
have healed with the tissue being closed. The small size of
the wound makes it difficult to identify the presence of the
wound. The time between the shooting and when slow loris
entered the rehabilitation center also became a challenge
to identify the presence of a ballistic wound because the
wound would have been healed in the meantime. The
visible wound appears to be an entrance wound because
it is circular, indented, and small in diameter (Bradley-
Siemens and Brower, 2016). This is also supported by

radiographic results in the lateral view, where the pellet is

depicted pointing dorsocaudally (Figure 9).

Figure 9: Radiographic results of lateral (A) and
dorsoventral (B) views of individual 02B20. It can be

seen that the pellet is pointing from the ventral to the
dorsocaudal (YIARI, 2020).

Air rifle wounds from air rifles can cause tissue damage
and be one of the causes of disease, such as in individual
10M19. The medical record stated that 10M19
experienced symptoms of snoring and had discharge from
his nose, which was then diagnosed as upper respiratory
tract infections (URTI) due to an air rifle wound with a
prognosis of dubious. However, the individuals did not
survive. Damage to the palate (Figure 10) can increase
the risk of URTT (Thomas and Bomar, 2023). In general,
damaged to the palate can makes it easier for pathogens to
enter the respiratory system.

Figure 10: Necropsy documentation of head region
individual 10M19 (YIARI, 2019).

TREATMENT

Inspection and palpation were important during initial
screening to help assess the patient’s condition (Widodo e#
al., 2011). Removal surgery was performed on pellets that
were visible on inspection or identified during palpation.
Pre- and post-operative X-rays are required (Figure 11).
An X-ray was taken before to surgery in order to aid
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identify and locate pellets. An X-ray was taken following
surgery to help identify any pellets fragments that were
still in place. If the pellet is embedded in too-deep, non-
palpable tissue, it cannot be extracted.

09L18 - 05/07/2018

09L18 - 16/03/2019

09L18 - 16/03/2019

Figure 11: Radiography image that was taken before (up)
and after (down) surgery in individual 09L18.

b ] 3 _
" AR
Figure 12: Surgical removal of a pellet lodged in the

subcutaneous left lower extremity of individual 08K18

(YIARI, 2018).

Removal was carried out by making an incision in the
area where the pellet was estimated to be present based on
inspection and palpation (Figure 12). After that, sutures
were performed on the incision area. Medications such

as synulox®, metacam®, and tramadol® were then given.
Synulox® is a drug containing amoxicillin and clavulanic
acid, an antibiotic that prevents post-operative infections
and works well as a treatment for skin and soft tissue
infections (Plumb and Pharm, 2011). Metacam is a drug
that contains meloxicam and is an NSAID (nonsteroidal
anti-inflammatory drug) that functions to reduce
inflammation and relieve pain (Rivere and Papich, 2017).
Tramadol as an analgesic contains Tramadol HCL and is a
drug that works in synergy with NSAIDs (Carpenter and
Marion, 2018).

Meloxicam and tramadol HCL can be used as pre-emptive
analgesics before surgery, potentially reducing nerve pain
by reducing IL-6 levels and preventing the release of
PGE-2, a mediator in spinal and peripheral sensations
(Abass ez al., 2014). This combination can also reduce
hyperalgesia, an increased sensitivity to pain. A study by
Teixeira ez al. (2013) found that dogs given meloxicam in
combination with tramadol showed an earlier decrease
in postoperative pain scores compared to tramadol alone
or with dipyrone. However, further research is needed
regarding the appropriate dosage and effectiveness of the
combination in primates. The importance of combining
these two drugs also needs to be considered, considering
the study by Teixeira ez a/. (2013), which also showed that
using tramadol only at intervals of 8 hours after surgery
effectively controlled pain during the initial 24 hours.

&8 s £ E 82528
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Figure 13: Some pellets were removed through surgery
and stored in the medical record file (YIARI, 2018).

The pellets that were taken out during operation are
generally already deformed. This is because pellets made
from lead (Pb) are soft and easy to shape so that when
a pellet collides with the body, the pellet will experience
deformation due to the transfer of kinetic energy from the
projectile to body tissue (Coupland, 1999; Kerkhoff ez a/.,
2019). Based on the pellets that were taken and recorded
in the medical record, all of the pellets were identified as
diablo pellets with a size of 0.177 (4.5 mm), which are
better known to the local people in Indonesia as peluru
mimis (Figure 13).
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Based on the Republic of Indonesia State Police Regulation
Number 1 of 2022 concerning Licensing, Supervision and
Control of Firearms in articles 13 and 102, it is stated
that air rifles are considered to be security equipment, and
are classified as non-organic police/TNI firearms used to
carry out the duties of the police, PPNS, security guards
and police officers, sports and martial arts. Ownership of
these weapons by the general public is used for sporting
purposes under the supervision of Indonesian Shooting
Association (Perbakin). Article 76 further explains that
holders of firearms for sporting purposes are prohibited
from using or firing firearms outside training, competition,
and hunting locations. The permits and obligations of air
rifle owners are explained in articles 142 to 150.

The owner of an air rifle must meet the requirements
regarding skills, physical health, and psychological health.
'The many conditions that must be met in these regulations
should make it difficult for the public to obtain and use
air rifles. The free use of air rifles for hunting wild animals
shows that law enforcement still needs to be stricter in
regulating the sale and ownership of air rifles. Possession
of illegal firearms can be subject to criminal sanctions
following Article 1 paragraph (1) of Emergency Law
No. 12 of 1951 with the threat of a maximum temporary
prison sentence of 20 years, life imprisonment, or death
penalty. Criminal provisions for hunting protected wild
animals are also outlined in Article 40 of Law No. 5 of
1990. The existence of regulations that emphasize the
ownership, use, and prohibitions on hunting of protected
wild animals should be the basis for law enforcement by
law enforcement agencies.

CONCLUSIONS AND
RECOMMENDATIONS

The increase of slow lorises hunted using air rifles has
contributed to decreased population numbers in the wild.
A total of 51 individual cases involving shooting incidents
were documented by Yayasan Inisiasi Alam Rehabilitasi
Indonesia (YIARI) from 2015 to 2022. Sixteen individual
cases of air rifle shot to slow lorises were accompanied
with radiology results and anatomical gross pathology
examination. A total of 28 pellets were identified, with
most of the pellets were found in the head region (28%),
meanwhile in the other regions: the neck (7%), the shoulder
(14%), the forelimb (10%), the thorax (21%), the abdomen
(3%), the pelvis (10%), and the hindlimb (7%). Apart from
that, the pathological findings from air rifle wounds were
found to be intact pellets in subcutaneous, intact pellets
in intramuscular, entry wounds, and encapsulated pellets.
Treatment that can be carried out to treat slow lorises
are removal surgery and conservative management using
medication.

Even though air rifle pellet wounds or retention pellets
inside slow lorises body mostly did not show significant
health problems, concern about their welfare needs action
from the government and rehabilitation centers. The
government and law enforcement officials, especially the
Directorate General of Environmental and Forestry Law
Enforcement and local governments, should improve
habitat protection. Strict action must be taken against the
sale and ownership of air rifles by legal authorities because,
currently, people appear to be freely using air rifles to hunt
wild animals. Law enforcement agencies must also carry
out criminal action against poachers to provide a deterrent
effect.
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