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Abstract

From December 2014 to May 2015, we received five Taiwanese macaques (Macaca cyclopis) found
dead in Shoushan National Nature Park. The clinical signs were observed on two out of five individuals
with weakness, unconsciousness, seizure and finally death. Necropsy was conducted and the gross lesions
showed severe hemorrhage on multiple organs. Anticoagulant rodenticide poisoning was primarily
suspected to induce the lesions and death. Liver and stomach contents were then collected from the
affected animals for screening residues of anticoagulant rodenticides (ARs) using Liquid
Chromatography-Tandem Mass Spectrophotometry (LC-MS/MS). We found all five individuals with
detectable residues of ARs. Four different ARs, including Brodifacoum, Coumafuryl, Difenacoum and
Flocoumafen with the proportion of 5/5, 2/5, 1/5 and 3/5, were detected in the liver of the affected
animals, respectively. The four ARs were also detected in the stomach contents with the proportion of 2/5,
2/5, 1/5 and 1/5, respectively. In addition, we detected multiple ARs exposure in three out of five
individuals. The highest concentration of ARs residues was the Brodifacoum with concentration of
10,390 ng/g from the individual with severe gross lesions. It is also notable that Coumafuryl, found in the
Taiwanese macaques, is prohibited in the European Union, United State, and Taiwan due to its water
soluble character and high toxicity to aquatic species. In conclusion, our study revealed the impact of ARs
on free-range Taiwanese macaques. Sympatric wildlife, domestic animals and humans might also be
exposed to ARs in the habitat. It is critical to have extensive management on the use of ARs and proper
protection on non-target species against such harmful exposures.
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Fig. 1. Distribution of Formosan macaque carcasses found in Shoushan National Nature Park.
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Table 1. Information of individual dead Taiwanese macaques from necropsy and rodenticides screening
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Fig. 2. Extensive hemorrhage was observed on the surface of the carcass of Taiwanese macaque. a. Hemorrhage
was found around the ventral side of limbs and trunk (arrow); b. Hemorrhage in the oral mucosa (arrow).
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Fig. 3. Gross and histopathological lesions of suspected rodenticide intoxication of Taiwanese macaque
individuals. a: massive and diffused hemorrhages of the muscle and subcutaneous tissue; b: the
histopathological lesion of the skeletal muscle with hemorrhage (arrow) between muscle fibers
(hematoxylin and eosin stain); c: multiple hemorrhage areas of heart muscle (arrow); d: Histopathological
lesion of the heart muscle with hemorrhage between the space of heart muscle fiber (hematoxylin and
eosin stain); e: gross lesion of hemorrhages in the large intestine; f: diffused hemorrhage in the large
intestine in the mucosal, sub-mucosal and muscle layer (hematoxylin and eosin stain).
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Table 2. The detected anticoagulant rodenticides and its concentration of residues in stomach content

and liver of five Taiwanese macaques.

7 FR B B NAY) = BEER R & nglg IR B B89 & nglg

% BFfBO CF CT DC FM V W| BF BO CF CT DC FM V W
1 2 - e I - - - 47 - -
2 855 - 261 - 23 52 - - [10390 - 344 - 345 720 - -
3 - - 36 - - - - -] 106 - 283 - - 40 - -
4 - - - - - - - -| 53 - - - - - - -
5 88 - e - - - - - -

'BF: Brodifacoum ; BO: Bromadiolone ; CF: Coumafuryl ; CT: Coumatetralyl ; DC: Difenacoum ; FM:
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Fig 4. The market occupancy of approved rodenticides in Taiwan. Brodifacoum has the highest market

occupancy ratio in Taiwan. (Data source:Bureau of Animal and Plaut Health Inspection and Quarantine,

Cauncil of Agriculture, Executive Yuan 2016 ; Enuiron mental Protection Administration, Executive Yuan 2016)
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Table 3. Comparing the half-life values and persistence of residues in the body under sub-lethal exposure

(adapted from Eason et al. 2008).
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