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Abstract: Crop damage caused by non-human primates poses a significant challenge to wildlife
conservation efforts. This study aims to assess primates foraging behavior and the
extent of maize damage in 25 small (10x10m) maize fields, including both protected
and non-protected fields. Data were collected over a twelve-month period spanning
2020 and 2021 in the Sodo Zuriya and Damot Gale regions in the Southern Highlands
of Ethiopia. Farmers reported that olive baboons, porcupines, and grivet monkeys were
the most notorious crop raiders. Baboons and grivet monkeys were found to attack
maize more frequently in June, July, and August. Baboons primarily targeted maize in
the morning, while grivet monkeys did so in the afternoon. Notably, primate raids were
more common in maize fields located closer to the forest edge than in those situated
farther away. The average maize yield losses due to nonhuman primate damage
amounted to 43.14% and 31.4% in the protected and non-protected fields,
respectively. Within this figure, 43.14% of the damage occurred in the protected fields
situated 50 m from the forest edge. Conversely, non-protected fields experienced lower
rates of damage: 14.42%, 13.18%, 3.7%, and 0.1% at distances of 50 m, 100 m, 200
m, and 300 m from the forest edge, respectively. Camera traps recorded 47 photos of
baboons, 21 photos of grivet monkeys, and documented 8 primate crop foraging
events. Consequently, our study concluded that maize fields positioned within 50
meters of the forest edge faced significant primate raids. Despite the utilization of wire
mesh fencing, it displayed limited effectiveness in deterring olive baboons and grivet
monkeys. Furthermore, while guarding is assumed to be an efficient protective
strategy, our findings suggest its ineffectiveness when not implemented continuously.
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Abstract 11 

Crop damage caused by non-human primates poses a significant challenge to wildlife 12 

conservation efforts. This study aims to assess primates foraging behavior and the extent of 13 

maize damage in 25 small (10x10m) maize fields, including both protected and non-protected 14 

fields. Data were collected over a twelve-month period spanning 2020 and 2021 in the Sodo 15 

Zuriya and Damot Gale regions in the Southern Highlands of Ethiopia. Farmers reported that 16 

olive baboons, porcupines, and grivet monkeys were the most notorious crop raiders. Baboons 17 

and grivet monkeys were found to attack maize more frequently in June, July, and August. 18 

Baboons primarily targeted maize in the morning, while grivet monkeys did so in the afternoon. 19 

Notably, primate raids were more common in maize fields located closer to the forest edge than 20 

in those situated farther away. The average maize yield losses due to nonhuman primate damage 21 

amounted to 43.14% and 31.4% in the protected and non-protected fields, respectively. Within 22 

this figure, 43.14% of the damage occurred in the protected fields situated 50 m from the forest 23 

edge. Conversely, non-protected fields experienced lower rates of damage: 14.42%, 13.18%, 24 

3.7%, and 0.1% at distances of 50 m, 100 m, 200 m, and 300 m from the forest edge, 25 

respectively. Camera traps recorded 47 photos of baboons, 21 photos of grivet monkeys, and 26 

documented 8 primate crop foraging events. Consequently, our study concluded that maize fields 27 

positioned within 50 meters of the forest edge faced significant primate raids. Despite the 28 

utilization of wire mesh fencing, it displayed limited effectiveness in deterring olive baboons and 29 

grivet monkeys. Furthermore, while guarding is assumed to be an efficient protective strategy, 30 

our findings suggest its ineffectiveness when not implemented continuously. 31 

Key words: Anubis baboon, Grivet monkeys, Human-Wildlife conflicts, Non-human primate, 32 

Maize damage, Prevention method 33 
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Introduction 35 

Non-human primates that attack subsistence farmers' crops are worrisome since they endanger 36 

farmers' livelihoods [1, 2, 3]. Recognizing and managing human-wildlife conflict resulting from 37 

crop raiding is a critical conservation issue [4, 5].  38 

The Sodo Zuriya and Damot Gale Community Protected Areas were established in January 2006 39 

through a collaboration between the Sodo community and World Vision Ethiopia. The aim was 40 

to restore and protect the montane high-forest on the slopes of Mount Damota in the Southern 41 

Ethiopian Highlands. These mountainous landscapes are known for their large populations of 42 

endemic animal and plant species, making them an intriguing research area for conservation. The 43 

Ethiopian National Biodiversity Institute has identified Mt. Damota in the Wolaita Sodo area of 44 

Southern Ethiopia as a priority region for conservation research. According to the institute's 45 

assessment, the area also plays a role in global climate regulation [Institute of Biodiversity 46 

Conservation, 2005 (6)]. 47 

Our study assesses the extent of primate damage to maize crops in human-dominated forest-48 

agricultural mosaic landscapes in Southern Ethiopia. The land is collectively owned by five Sodo 49 

Zuriya and Damot Gale Communities, who safeguarded the site and obtained land user-rights 50 

certificates from the Ethiopian Government in 2006. Furthermore, the Ethiopian government has 51 

supported the community's ownership of carbon rights trading, allowing them to earn revenue 52 

from carbon offsets. Cooperatives were established to manage the protected areas. There are 53 

reports of several wild herbivorous large mammals in the area damaging maize fields. 54 

Our study combines a camera trap approach with a community-based farmer's participatory 55 

study. It is relevant and timely, as the communities around Mt. Damota have begun to protect 56 

and coexist with nature and have a good understanding of human-wildlife conflict. Prevention 57 

measures are crucial to avoid crop damage by primates on community farms. We evaluate 58 

primate crop feeding events and measure the extent of maize damage by primates at various 59 

distances from the forest's edge. 60 

 61 
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Materials and methods  63 

Study area 64 

The study was conducted in the Sodo Zuriya and Damot Gale districts, located approximately at 65 

6.54°N 37.45°E through 6.9°N 37.75°E in the Highlands of Southern Ethiopia. The study sites 66 

included the Gurumu Woyde, Kokate Marachere, Konasa Pulasa, Damot Waja, and Dalbo 67 

Wogene sub-districts (see Fig. 1). The study area covers 380 km² and is primarily situated atop 68 

Mt. Damota. This region experiences a dry period from October to March and a wet season from 69 

April to September, receiving 1450 to 1800 mm of rainfall, respectively [7]. The maximum 70 

rainfall occurs between June and September, with shorter rains falling in March and April [7]. 71 

The temperature ranges from 16°C to 24°C between the wet and dry seasons. The site is 72 

characterized by rugged topography and diverse agro-ecology, fauna, and flora. It encompasses 73 

both closed forest and open forest areas. 74 

The vegetation is marked by various types, including evergreen needle-leaved, deciduous needle-75 

leaved, evergreen broadleaved, and deciduous broadleaved forests, mixed with shrubland, 76 

herbaceous vegetation, herbaceous wetland, moss and lichen, sparse/bare vegetation, and 77 

cropland [7]. Dominant plant species in this area include Syzygium guineense (woodland 78 

waterberry), Juniperus procera (African juniper), Croton macrostachyus (Broad-Leaved 79 

Croton), Erica arborea (briar root), Olea europaea (common olive), and Acacia hockii (Shittim 80 

Wood) [7]. The region is home to various large and medium-sized mammals, such as olive 81 

baboons (Papio anubis), grivet monkeys (Chlorocebus aethiops), duikers (Sylvicapra grimmia), 82 

common bushbucks (Tragelaphus scriptus), Guenther’s dikdik (Madoqua guentheri), and 83 

porcupines (Hystrix cristata). Predators include golden jackals (Canis aureus), black-backed 84 

jackals (Canis mesomelas), leopards (Panthera pardus), African civets (Civettictis civetta), and 85 

spotted hyenas (Crocuta crocuta) [7]. The entire area sustains a population of 16,342 people [8]. 86 

The landholding of farmers in Mount Damota is very small. The minimum and maximum sizes 87 

of landholding are 0.06 and 1.75 hectares, with an average size of 0.5 hectares [9]. Subsistence 88 

farming is the primary source of income for the local population, with crops such as potato 89 

(Solanum tuberosum), sweet potato (Ipomoea batatas), wheat (Triticum aestivum), barley 90 

(Hordeum vulgare), false banana (Ensete ventricosum), taro (Colocasia esculenta), banana 91 

(Musa acuminata), maize (Zea mays), and common beans (Phaseolus vulgaris) [7]. Maize fields 92 
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in these areas are very small (e.g.10x10m) and are connected with fields with different crops. 93 

Maize fields were selected for this study to assess the extent of damage caused by non-human 94 

primates.  95 

Experimental setup 96 

We set up our study using 25 fields. Ten fields were situated 50 meters from the forest edge and 97 

were used to compare protective measures in the villages of Gurumu Woide and Kokate 98 

Marachare. The protected study plots were safeguarded using wire mesh, human guardians, 99 

scarecrows, and thorny bushes, while the non-protected fields remained open/control. 100 

Furthermore, we set up a total of fifteen non-protected maize study plots (see Table 1), including 101 

Gurumu Woide, Kokate Marachare, Delbo Wogene, Damot Waja, and Konasa Pulasa. The study 102 

plots were located at varying distances: 100 meters, 200 meters, and 300 meters from the forest 103 

edge. 104 

Each study field, we designated a study plot measuring 10m x 10m (see Table 1). Within these 105 

study plots; we planted the high-yielding maize variety BH-546, well-suited for the region's 106 

agro-ecology. Maize seeds were sown early in the rainy season, typically in April, reaching the 107 

milky stage in late July and ripening by mid-August, with harvesting in September. Prior to 108 

sowing, oxen-drawn plows were used to prepare the fields by creating rows. Initially, 580 seeds 109 

were sown in each study plots in both the 2020 and 2021 maize cropping seasons. However, in 110 

one field (Field no. 25) seeds were removed or added by the farmer resulting in 532 seeds (19 111 

rows x 28 seeds) during the 2020 maize cropping season and 627 seeds (19 rows x 33 seeds) 112 

during the 2021 maize cropping season. Each hole received one seed, with a planting distance of 113 

40 cm x 30 cm, while maintaining a distance of at least 50 meter between one maize study plot 114 

and the next. 115 

All cultivation practices, including fertilizer application, cultivation, and weeding, were carried 116 

out as usual. However, non-uniform germination of the sown maize seeds resulted in varying 117 

maize harvests across different plots. 118 

In this study, we collected data using (1) Farmer observation and reports (2) Camera traps 119 
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Farmer observation and reports  121 

Data collection was carried out by farmers who had received training from researchers. These 122 

trained farmers possessed a clear understanding of the nature of Crop Foraging or Raiding 123 

Events (CFE/CRE) in primates. All trained farmers monitored and assessed the CFE/CRE of 124 

baboons and grivet monkeys. Each farm was involved in this project for two maize harvest 125 

seasons (April to August 2020 and 2021 years). The project compensated the participating 126 

farmers with monthly payments ranging from 9.5 to 28.5 USD. At the end of each maize 127 

growing season, the project paid 19 USD to each of the 25 farmers for their participation in both 128 

years (2020 and 2021). 129 

Researchers defined the primate crop foraging or crop raid event (CFE/CRE) to potential 130 

aspiring farmers as follows: 131 

CFE /CRE is defined as when one or more individuals of a species entered (i.e. crossed a field 132 

boundary) and make trampling the field and left the field (CRE), and interacted with one or more 133 

maize stem and eat the stem (CFE). The CFE/CRE episode begins when the first primate enters 134 

the field; eat the stem and ends when the last primate leaves the farm. The duration is measured 135 

in seconds using a digital stopwatch. Primate age categories are adult (full species-sex-specific 136 

size), sub-adult (not fully grown, beyond infant development, exhibits independent behaviour 137 

frequently), or infant (developmentally small and dependent, carried frequently, maintains close 138 

proximity to adults).   139 

Farmers responded to the following questions: (1) What is the extent of primate damage to maize 140 

on protected and non-protected fields?  (2) When and during which months do primates raid 141 

maize crops? (3) How long do primates typically stay during their maize raids? (4) How 142 

frequently and at what times do farmers report primate incursions? (5) Which crop-feeding 143 

species have farmers reported encountering? (6) What is the extent of primate maize damage on 144 

fields located at a distance? (7) How many individual primates raided maize and entered fields? 145 

(8) In what proportion do multiple and single primate raid events occur? (9) How many 146 

individual primates typically visit maize fields? (10) In which age categories are maize crop-147 

raiding primates typically found?  148 

Data were also collected regarding the presence or absence of humans on fields, the nature of on-149 

field human activity, the extent of guarding behavior, and responses to crop-raiding primates. 150 
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Crop damage was determined by counting stems damaged by primates. Trained farmers assessed 151 

and counted the damage caused by primates to maize daily at 18:00 hours. All data collection 152 

adhered to institutional ethics requirements, with Reference No. WSU15/12/915 establishing 153 

ethical guidelines for social and primate research. This work was conducted with the consent and 154 

support of zone administration, village councils, and participating farmers. 155 

Camera traps 156 
 157 
To gather information on the timing, frequency, and location of feeding behavior by olive 158 

baboons and grivet monkeys within the 25 study plots, we utilized Bushnell camera detection 159 

equipment (Browning trail camera Model No BTC-6HDX). 160 

These motion-trigger cameras were configured to capture and store data, including the date, time, 161 

location, and temperature for each photo. The cameras were set to take only one photo per 162 

trigger, with a 2-second interval between triggers [11]. Cameras were securely housed and 163 

locked in metal cases. A potential CFE/CRE was recorded when one or more individuals olive 164 

baboons and grivet monkeys were merely present in the field [11]. An actual CFE was 165 

documented if the photo or video indicated physical manipulation and/or consumption of crop 166 

items [11, 12]. An interval of more than an hour between captured images was considered as an 167 

independent CFE [11]. During the course of this project, different camera traps were installed 168 

and dismantled on different days, resulting in varying numbers of trap days for each unit.  169 

Cameras were installed on each study plot. We used 30mm x 30mm stainless steel wire mesh 170 

with a wire diameter of 1.6 mm and a height of 2.5 meters. For data storage, we utilized 16GB 171 

and 32GB Class 4 SDHC memory cards for each camera. Farmers monitored the camera traps to 172 

prevent theft. Data from the camera traps were collected from April to September in both 2020 173 

and 2021, with cameras installed in each of the 25 maize fields for four consecutive trapping 174 

nights. We installed the cameras for 192 trapping days. During camera installation, we collected 175 

the following information: camera ID, GPS position, date, and altitude. Subsequently, we 176 

downloaded the photos and videos from the camera traps onto a laptop. We checked each 177 

photo/video for the presence of wildlife and other relevant information. We also investigated the 178 

presence of humans and dogs, among other factors. Photos containing baboons and monkeys that 179 
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could damage the crop were numbered and placed in a digital folder. We cataloged all the saved 180 

photos/videos and associated information in a spreadsheet. 181 

Data Analysis  182 

We analyzed the data using SPSS Version 16 for Windows (SPSS Inc., Chicago, USA). The 183 

images captured by the camera traps were interpreted to determine the frequency and timing of 184 

Crop Foraging/CRE Events (CFE/CRE). Descriptive statistics were used for the analysis of crop 185 

feeding data. A chi-square test was used to test the variation in the amount of maize damage by 186 

primates in fields located at a distance. Primate CFE/CRE analysis involved the use of the Mann-187 

Whitney U test, Spearman's Rank Correlation Coefficient, and the F-test. For the analysis of 188 

primate assaults on maize within both preventive and non-preventive maize fields at different 189 

seasons and crop phenology, we utilized R-Software [13]. The maize damage was reported in 190 

three aspects: the average number of maize stems/cobs affected, the estimated amount of maize 191 

damaged in kilograms, and the proportion of maize damage caused by primates in relation to the 192 

expected harvest. To calculate the monetary loss, we converted the market prices for maize crop 193 

per kilogram to US dollars using the prevailing exchange rate at the time of the survey. 194 

Additionally, we estimated that the maize seeds in one maize stalk weighed approximately 0.2 kg 195 

after harvest. 196 

 197 
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Result 206 

Farmers-reported crop feeding or raiding species   207 

All farmers consistently reported that baboons, porcupines, and grivet monkeys were the primary 208 

culprits responsible for the most severe crop damage to maize, and these species exhibited a high 209 

frequency of Crop Foraging/CRE Events (CFE/CRE). Additionally, some farmers (N = 10) 210 

suggested that bushbuck might also be involved in crop feeding or raiding. However, the 211 

reported CFE/CRE frequency of bushbuck in crop fields was notably low, occurring only 24 212 

times (as detailed in Table 2). 213 

Farmer-reported maize damage assessments 214 

The average percentage of maize cobs lost by olive baboons in wire mesh, human guard, 215 

scarecrow, and thorny bush setups was 8.23% (equivalent to 72.8 maize stems/cobs), 7.38% 216 

(65.3 maize stems/cobs), 9.82% (86.8 maize stems/cobs), and 9.45% (83.5 maize stems/cobs), 217 

respectively. These fields were located 50 meters from the forest edge. In non-protected fields, 218 

the average percentage of maize cobs lost by olive baboons were 10.04% (88.8 maize 219 

stems/cobs), 1.53% (13.5 maize stems/cobs), 0.4% (3.6 maize stems/cobs), and 0.1% (0.9 maize 220 

stems/cobs) located at 50 meters, 100 meters, 200 meters, and 300 meters from the forest edge, 221 

respectively (refer to Table 3). 222 

The average percentage of maize cobs lost by grivet monkeys in wire mesh, human guard, 223 

scarecrow, and thorny bush setups were 0, 1.83% (6.3 maize stems/cobs), 3.8% (13 maize 224 

stems/cobs), and 2.63% (9 maize stems/cobs), respectively. These fields were located 50 meters 225 

from the forest edge. In non-protected fields, the average percentage of maize cobs lost by grivet 226 

monkeys were 4.38% (15 maize stems/cobs), 11.65% (39.9 maize stems/cobs), 3.3% (11.3 maize 227 

stems/cobs), and 0, located at 50 meters, 100 meters, 200 meters, and 300 meters from the forest 228 

edge, respectively (refer to Table 3). 229 

In total, the average percentage of maize cobs lost by these two primate species in the protected 230 

fields was 43.14% (equivalent to 336.7 maize stems), located at 50 meters from the forest edge. 231 

The average percentage of maize cobs lost by primates in the non-protected fields was 14.42% 232 
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(103.8 maize stems), 13.18% (53.4 maize stems), 3.7% (14.9 maize stems), and 0.1% (0.9 maize 233 

stems) located at 50 meters, 100 meters, 200 meters, and 300 meters, respectively. 234 

Camera trap results 235 

Our cameras recorded 47 photographs of baboons and 21 photographs of grivet monkeys, as 236 

summarized in Table 3. Of the 47 photographs of baboons, only 3 were confirmed as actual 237 

(CFE), while the remaining 44 were potential (CRE). Similarly, out of the 21 photographs of 238 

grivet monkeys, only 2 were confirmed as actual (CFE), with the remaining 19 being potential 239 

(CRE). Notably, the longest CRE event, recorded by camera ID A3 and E1, occurred in 240 

scarecrow and open maize fields (see Table 4, Figure 3). 241 

Farmers-reported extent of primate crop damage on protected and open/control fields 242 

The average percentage of maize damaged by Olive baboons in both Gurumu Woide and Kokate 243 

Marachare study sites, as reported by farmers, was 23.62% in wire mesh, 21.03% with a human 244 

guard, 28.15% with a scarecrow, and 27.2% in thorny bush fields, respectively (as illustrated in 245 

Fig. 4). 246 

The results of a one-way ANOVA indicated that the amount of damage in maize fields was 247 

significantly higher in thorny bush fields compared to the levels of damage from wire mesh, a 248 

human guard, and a scarecrow (F=292.5, df=11, p < .001, see Figure 4). 249 

The average percentage of maize damaged by grivet monkeys in the Kokate Marachare study 250 

site, as reported by farmers, was 0% in wire mesh, 24.14% with a human guard, 44.83% with a 251 

scarecrow, and 31.03% in thorny bush fields, respectively (as illustrated in Fig. 5). 252 

The results of a one-way ANOVA indicated that the amount of damage in maize fields was 253 

significantly higher in thorny bush fields compared to the levels of damage from wire mesh, 254 

human guards, and scarecrows (F=5.4, df=11, p < .005, see Figure 5). 255 

           Time or months of maize raided 256 

According to farmers' responses, a higher frequency of maize cobs being plucked was reported in 257 

July, with 524 ± 3.8 maize cobs in the year 2020 and 539 ± 4.6 maize cobs in the year 2021. 258 

Moderate frequencies of maize raiding were reported in June and August, with 216 ± 4.6 and 64 259 
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± 2.1 maize cobs in 2020, and 240 ± 5.2 and 25 ± 1.6 maize cobs in 2021, respectively. The 260 

lowest frequencies of maize raiding occurred in April, May, and September for both 2020 and 261 

2021 (as illustrated in Fig 6). 262 

Duration of crop-raiding events  263 

The average raid duration ranged from 15.1 to 18 minutes, with a standard deviation of 0.66. 264 

There was significant difference in raid duration between species, as indicated by the Kruskal-265 

Wallis test (χ² = 58.62, d.f. = 10, P < 0.05). 266 

Raid durations were significantly shorter when carried out by single individuals (median 1 267 

minute, SD = 0.42) compared to raids by two or more individuals (median 3 minutes, SD = 268 

2.42), as confirmed by the Mann-Whitney U test (n (single) = n(two+) = 38, U = 34.0, p < 269 

0.001). The majority of Crop Raiding Events (CREs), approximately 70%, lasted between 0.1 270 

and 12 minutes (see Fig 7) 271 

Farmers-reported CFE frequency and timing  272 

Farmers observed that baboons typically fed on crops early in the morning, while grivet monkeys 273 

fed on crops throughout the day. According to farmers, neither baboons nor grivet monkeys were 274 

seen eating on crops at night. Baboon Crop Foraging Events (CFEs) occurred throughout the day 275 

but not in a uniform distribution, as revealed by photographic data from five locations (Chi-276 

square goodness of fit: χ² = 32.36, df = 12, p < 0.001). Similarly, Grivet monkey CFEs occurred 277 

throughout the day, also with a non-uniform distribution, based on photographic data from five 278 

locations (Chi-square goodness of fit: χ² = 35.86, df = 8, p < 0.001). Morning CFEs were more 279 

common in baboons (6:00–7:00 a.m.) than afternoon CFEs (2:00–3:30 p.m.). In contrast, CFEs 280 

were more common in the early afternoon (11:00 a.m.–12:00 p.m.) for grivet monkeys than in 281 

the morning (6:00–7:00 a.m.) during both 2020 and 2021 years. Farmers reported no baboon 282 

CFEs in all five locations between 11:00 a.m. and 6:00 p.m. during both 2020 and 2021 years (as 283 

depicted in Fig. 8). 284 

 285 
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Primate crop raiding events 287 

A total of 367 primates were observed at the forest edges immediately before or during Crop 288 

Raiding Events (CREs). Out of these, 367 individuals, accounting for 75%, ventured into fields 289 

(refer to Table 5). This included all 75 CREs by Anubis baboons (79%) and 20 CREs by grivet 290 

monkeys (21%). Notably, Anubis baboons were significantly more likely to be found near the 291 

forest edge than grivet monkeys, as indicated by the Kruskal-Wallis test (χ² = 263.1, df = 15, p < 292 

0.001). The number of individuals entering a field showed a positive correlation with the number 293 

at the forest edge prior to raiding, which was confirmed by the Spearman's Rank Correlation 294 

Coefficient (rs = 0.434, n = 95, p = 0.006). This correlation persisted even when humans were 295 

present on the field, with a Spearman's Rank Correlation Coefficient of rs = 0.324, n = 59, and p 296 

= 0.04. Regarding the composition of CREs, the majority (36.1%) involved three or fewer 297 

individuals, while 47.8% consisted of a single individual or a pair. Only 16.1% of CREs 298 

involved more than five individuals (as illustrated in Fig. 9). It's worth noting that baboons 299 

raided in significantly larger groups than other species, as shown by the Kruskal-Wallis test (χ² = 300 

41.57, df = 5, p < 0.001); however, most baboon raiding groups were small, with 78% 301 

comprising fewer than five individuals. On the other hand, grivet monkeys were more likely to 302 

raid alone, according to the Kruskal-Wallis test (χ² = 88.01, df = 5, p < 0.001). 303 

Multiple versus Single raid events   304 

A significantly greater proportion of raids (64%; n = 61) occurred in groups rather than as single 305 

raids, as confirmed by the Chi-square test (χ² = 15.9, df = 4, p = 0.003). Among the group raids, 306 

67% consisted of either 2-CRE or 3-CRE groupings, indicating a diverse pattern of multiple-307 

CRE profiles for both grivet monkeys and baboons (as depicted in Fig 10). On the other hand, 308 

single raids accounted for 36% (n = 34) and were more likely to involve a single raiding 309 

individual. It's worth noting that the extent of maize crop damage per CRE differed significantly 310 

between single raids and group raids, as evidenced by the F-test (F = 22.17, df = 1, p < 0.001). 311 

Primate field visit and crop raiding events  312 

Seventy-five percent of primate field visits (comprising 22.3% baboons and 26.1% grivets) did 313 

not involve crop raiding at all, as illustrated in Fig 12. Among the visits that did include crop 314 

raiding, it was observed that 76% more baboon visits involved multiple crop-raiding events 315 
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rather than a single event. In the case of grivets, 53% more visits involved multiple events, as 316 

confirmed by the Chi-square test (baboon - χ²₁  = 11.63, df = 1, p < 0.001; Grivet - χ²₁  = 16.00, 317 

df = 1, p < 0.001; as depicted in Fig 11 and Fig 12). 318 

Age categories composition of crop-raiding primates 319 

Significantly more adults were observed on study plots during CREs compared to sub-adults, and 320 

more sub-adults were observed than infants. These differences were statistically significant 321 

(Mann-Whitney U tests: n (sub-adult) = 118, n (adult) = 216, U = 1653.5, p < 0.001; n (infant) = 322 

33, n (sub-adult) = 118, U = 952.0, p = 0.510). This age category distribution was consistent for 323 

each primate species, as confirmed by a Chi-square test (χ² = 71.4, df = 1, p < 0.001) (refer to 324 

Table 6). Nearly 58% (n = 55) of raiders were single adults, and the majority of adults were 325 

present in 42% of CREs involving multiple individuals (n = 40). Baboons exhibited mixed age-326 

category raiding groups significantly more frequently than grivet monkeys (Kruskal-Wallis test, 327 

χ² = 58.05, df = 5, p < 0.001), and baboon raiding groups were more diverse (Kruskal-Wallis 328 

test, χ² = 10.88, df = 4, p = 0.028). At least one infant was observed during six baboon raids. 329 

Most baboon and grivet raiders were accompanied by an adult during their raids. Almost two-330 

thirds of baboon raiding groups included one or more sub-adults. All on-field adult and sub-adult 331 

primates damaged at least one crop stem. While infants occasionally interacted with crops by 332 

pulling or biting stems, they often traveled or rested near an adult female or engaged in play 333 

behavior with other infants or sub-adults, suggesting they were not anxious during CREs. Female 334 

primates with infants were particularly vigilant on fields; they were usually the first to return to 335 

the forest while carrying their infants and the first to flee in response to human actions. The sex 336 

of raiding individuals was not reliably determined for analysis; however, counts of male (n = 38) 337 

and female (n = 14) adult baboons on-field during CREs did not significantly differ (Chi-square 338 

test, χ² = 29.45, df = 1, p < 0.001). While significantly more maize stems were damaged by 339 

mixed-age groups than by adults-only groups, the former groups also comprised more 340 

individuals, traveled further onto fields, and raided for longer durations. These findings were 341 

supported by Mann-Whitney U tests (n (adults) = 10.0, n(mixed) = 36: stems U = 2840.5, p = 342 

0.021; individuals U = 20.5, p = 0.367; maximum distance U = 24.5, p = 1.000; median distance 343 

U = 429.0, p = 1.000; duration U = 528.5, p < 0.001). 344 
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Discussion   347 

Numerous primate species have been involved in crop raids, as documented in various studies 348 

[14, 15, 16, 17, 18, 19]. In this study, the average maize yield losses attributed to nonhuman 349 

primate damage were estimated at 43.14% and 31.4% in the protected and non-protected fields, 350 

respectively, equivalent to 1704.4 maize stems/cobs (340.8 kg) per hectare. Among these losses, 351 

43.14% occurred in protected fields located 50 m from the forest edge. In contrast, non-protected 352 

fields experienced lower damage percentages: 14.42%, 13.18%, 3.7%, and 0.1% at distances of 353 

50 m, 100 m, 200 m, and 300 m from the forest edge, respectively. The resulting monetary losses 354 

for farmer households amounted to 15,864 ETB (equivalent to 444 US Dollars) from an expected 355 

income of 21,600 ETB (equivalent to 608 US Dollars) per hectare. 356 

The intensity of crop raids by Anubis baboons varied across different villages, and with no 357 

baboon attacks documented in some of the areas. Baboons, like many other primates [20], do not 358 

uniformly utilize all parts of their home ranges [21, 22, 23]. Their area use patterns are 359 

influenced by factors such as food distribution, sleeping sites or refuge availability, water access, 360 

and the presence of predators [21, 23, 24]. This observation aligns with findings in reference 361 

[25], suggesting that primate crop-foraging decisions are influenced by crop nutritional quality, 362 

spatial and temporal crop availability in comparison to wild food resources. The phenomenon of 363 

maize raiding appeared impervious to variations in forest fruit abundance [26], but it may be 364 

affected by interspecific interactions, such as predator-prey relationships, which can impact 365 

primate foraging behaviors [27]. 366 

A study by [30] noted an average maize yield loss of 264.1 kg per hectare due to pests (baboons 367 

and pigs), representing 34.2% of the anticipated total yield. In the Budungo Forest Reserves of 368 

Uganda, a study by [2] reported that farmers observed 73% of crop damage caused by primates. 369 

Similarly, in another study [40] conducted in the Taita Hills of Kenya, characterized by a forest-370 

agricultural mosaic landscape, farmers reported that 87% of the maize crop was attacked by 371 

primates. Our study demonstrates the value of strategically positioned camera traps in providing 372 

insights into various aspects, including recording primate species, their targeted crop types and 373 

growth phases, daily and seasonal patterns of crop-feeding activity, and whether crop-feeding 374 

occurs individually or in groups [11]. However, it's important to acknowledge the limitations of 375 

this method. Although camera traps allow the identification of large, solitary animals with 376 
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distinct markings [31, 11], we encountered challenges in identifying active crop feeders, 377 

particularly in terms of age and sex classification. Our identifications were likely biased toward 378 

more conspicuous individuals, primarily adult males [11]. Additionally, while camera traps may 379 

capture evidence of primate groups' presence in fields, they may not consistently provide 380 

photographic evidence of actual crop manipulation and consumption, as supported by a reference 381 

[11]. Therefore, many events identified as Crop Foraging Events (CFEs) through camera traps 382 

may not indeed be actual CFEs. To assess the severity of crop damage caused by primate 383 

feeding, we supplemented our research with additional methods, including farmers' reports. 384 

These reports helped monitor baboon and grivet monkey behavior, estimate daily maize damage, 385 

and assess post-harvest damage, as supported by references [32, 33]. Thus, both farmers' reports 386 

and camera trap data offered valuable information by specifying the crops targeted by primate 387 

species and identifying the most frequent and destructive crop-feeding species, such as baboons, 388 

grivet monkeys, porcupines, and bushbucks. 389 

Both Anubis baboons and grivet monkeys showed a tendency to cause more damage to maize 390 

fields closer to the forest edge compared to those farther away. The proportion of fields raided by 391 

pests was significantly higher in villages near forests compared to those situated away from the 392 

forests [30, 52]. Primates predominantly raided crops within 10 meters of the farm-forest edges 393 

[17, 34, 35]. The primate raiding groups is influenced by factors like body size, human proximity 394 

from the forest [14].  395 

The behavior of primates in the study area was influenced by their habits and foraging, with 396 

baboons on rocky cliffs and caves and grivet monkeys in large trees within the forest. Based on 397 

our field observation, Gurumu Woide has high forest fruit availability and an abundance of steep 398 

cliffs and caves suitable for the existence of a baboon troop. In contrast, Kokate, Konasa, Delbo, 399 

and Waja have lower forest fruit availability and fewer steep cliffs and caves for baboon 400 

survival. This may explain the reduced maize damage by baboons in these study sites. However, 401 

it's worth noting that the specific magnitude of forest fruit availability and the number of cliff 402 

and caves in these study villages remains unknown. In this study, the distance traveled by both 403 

baboons and grivet monkeys to inspect and raid crops did not vary, as both species traveled up to 404 

300 meters. During our observations in the caves, we found that baboons were located at far 405 

distances, approximately 400 meters from the first farmer fields. Consequently, baboons raided 406 
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the crops that are available close to the forest edge. However, baboons still visited farms located 407 

300 meters from the forest edge, even though maize crop feeding events were infrequent at this 408 

distance. When crops were not available, both species turned to forest foods, foraging on fruits, 409 

leaves, flowers, bark, and roots of forest plant species. In Uganda, grivet monkeys ventured up to 410 

55 meters into crop fields, while baboons reached up to 110 meters [38]. The highest distance 411 

observed was over 700 meters, notably in the Ngangao Forest in Taita Hills, Kenya [40]. This 412 

variation may be influenced by the distribution of households and the number of farms 413 

investigated at different distances [40]. 414 

In this study, maize raids by primates were reported during the maturation of maize cobs. Our 415 

findings suggest that scarecrows and thorn bushes were generally ineffective in deterring the 416 

return of baboons or grivet monkeys to the fields. Our wire mesh (wire diameter of 1.6 mm and a 417 

mesh size of 30 mm x 30 mm, and a height of 2.5 meters) protection method reduced maize 418 

damage, but it did not deter baboons from raiding the crop, and they quickly habituated. Kokate 419 

Marachare is one of our experimental study sites; in this site, the wire mesh fence was effective 420 

in discouraging olive baboons and grivet monkeys from attacking maize crops in fields located 421 

50 meters from the forest's edge, but it was not effective in discouraging olive baboons in the 422 

Gurumu Woide. We hypothesize that the presence of multiple baboons in the Gurumu Woide 423 

study site made them highly vigilant and determined to raid maize crops despite the crop fenced 424 

with wire mesh fences. In contrast, in the Kokate Marachare, where only a single baboon was 425 

involved, hence the wire mesh fence most likely deterred them from crop raiding. According to a 426 

paper by [29], the net wire fences exhibited limited effectiveness against primate raiding in 427 

Budongo Forest Reserve, Uganda. Guarding proved ineffective in preventing baboon attacks on 428 

maize fields in Gurumu Woide due to the absence of continuous field guards. Indeed, field 429 

guards were often absent due to other (social) activities, school attendance etc.  However, a study 430 

conducted by [30], where it was found that continuous guarding is a principal strategy for 431 

effectively mitigating crop damage by pests. The extended protection duration was particularly 432 

necessary in villages at higher altitudes where maize takes longer to mature [30]. 433 

Both baboons and grivet monkeys are frequently observed foraging for crops in human-434 

dominated settings in the study area, with baboons causing more damage than grivet monkeys. 435 

The time of day had differing effects on the crop-foraging patterns of the two species, with 436 
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baboons foraging more frequently in the morning and grivet monkeys in the afternoon. This 437 

variation in the time of activity might be related to the presence of baboons, which appeared to 438 

deter grivet crop-foraging behavior [28]. Similarly, the time activity pattern varied in different 439 

areas; reference [41] recorded a peak in baboon crop foraging in Zimbabwe between 8 and 10 440 

am, potentially driven by the need to find food upon waking. In contrast, a reference [39] found 441 

that primates in Uganda foraged on crops more frequently between noon and sunset than 442 

between sunrise and noon. To access crops, baboons were observed using a 'sit and wait' strategy 443 

near the edge of crop fields [42]. The more time baboons and grivet monkeys spent close to the 444 

fields, the more likely they were to forage within crops. Furthermore, when they entered crops 445 

during these visits, they were more likely to enter multiple times. Crop raiding wasn't a behavior 446 

practiced by all members of primate social groups, with baboon raiding parties averaging five 447 

individuals [17].  448 

In our study, more adults were observed on maize fields during CREs compared to sub-adults. 449 

This varies in different areas; in some studies, adult primates were the main crop raiders, as 450 

referenced in [17, 18, 34, 44], while in other studies, sub-adults were identified as the primary 451 

raiders, as cited in [45, 46, 47, 48]. However, this behavior was rare and observed only in 452 

baboons. Additionally, perceptions of risk may impact the age composition of primate raiding 453 

groups, with adult females with infants raiding the least frequently, likely due to increased 454 

caution, as suggested by [19, 51]. However, the diverse raiding group compositions among 455 

baboons, the presence of infants on fields, and high rates of raiding by baboons suggested that 456 

they were generally more comfortable on fields than other primate species. Although the age-457 

category composition of raiding groups did influence crop loss, it was a secondary effect related 458 

to group size. The extensive profiles of multiple Crop Raiding Events (CREs) for grivet monkeys 459 

and baboons indicated that these species persistently raid crops when opportunities arise. The 460 

Effective deterrent techniques for farmers should aim to discourage raiding by multiple 461 

individuals, to reduce raiding group sizes, or minimize the time primates spend on fields. 462 

However, it's essential to acknowledge that primates with a substantial history of raiding can 463 

habituate quickly to deterrent techniques. In general, assessing the parameters of Crop Raiding 464 

Events (CREs) offers accurate indicators of how comfortable primates are on fields and it 465 

provides essential information for managing and mitigating human-wildlife conflicts. 466 
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Conclusion 467 

The findings from this study underscore the pressing issue of human-wildlife conflict, 468 

particularly in areas where forests and agriculture intersect. Our combined approach, utilizing 469 

farmers' reports and camera traps to assess the extent of crop damage and Crop Foraging Events 470 

(CFEs) caused by primate pests, highlights the substantial crop losses observed in our study area. 471 

These losses emphasize the need for continuous vigilance over maize fields, from sowing to 472 

harvest, to deter wild mammal pests. The investment of time, effort, and resources in this 473 

endeavor is justified by the magnitude of crop protection required. Wire mesh fencing was found 474 

to exhibit limited effectiveness in deterring baboons and grivet monkeys. Although guarding is 475 

assumed to be an efficient protective strategy, our study revealed its ineffectiveness when 476 

implementation lacks continuity. In a broader context, understanding the spatio-temporal 477 

dynamics of wildlife-induced crop deprivation, evaluating parameters related to Crop Foraging 478 

Events (CRE), and formulating ecologically- based approach for primate pest management and 479 

prevention strategies are crucial steps in mitigating the socio-economic impacts of wild primate 480 

pests originating from forest edges. 481 
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Fig 1. Background vegetation map based on remote sensing data [10]  646 

Fig 2. Various prevention strategies (Wire mesh (A), Human guardian tower (B), Scarecrow (C), 647 

Thorny bush (D)) were assessed in eight experimental maize field sites to evaluate their 648 
effectiveness in deterring crop raiders. The study was conducted in maize field sites located in 649 

Gurumu Woide and Kokate Marachare. 650 

Fig 3. The images above depict camera trap captures of various wildlife species observed in 651 
maize field sites located in Damota Mountain, Southern Ethiopia: (A) Anubis baboons (Papio 652 
anubis) (B) Grivet monkeys (Chlorocebus aethiops), (C) Porcupine (Hystrix cristata), and (D) 653 

Bushbuck (Tragelaphus scriptus)  654 

Fig 4. The average of maize stems (≈number of cobs) damaged within 10m x 10m study plots by 655 

Olive baboons was examined in relation to various preventive methods at a distance of 50 meters 656 

from the forest edge during the 2020 and 2021 maize cropping seasons and crop phenology in 657 
the Gurumu Woide and Kokate Marachare (GW) sub-district. The boxplot illustrates a 658 

significant difference in crop damage among different prevention methods (p < .001). 659 

Fig 5. The average of maize stems (≈the number of cobs) damaged within 10m x 10m study plots 660 

by grivet monkeys illustrates the relationship with various prevention methods at a distance of 50 661 
meters from the forest edge during the 2020 and 2021 maize cropping seasons and crop 662 
phenology in the Kokate Marachare (KM) sub-district. The boxplot shows a significant 663 

difference in crop damage with different prevention methods (p < .005). 664 

Fig 6. The frequency of primate maize crop raided during the 2020 and 2021 maize cropping 665 

seasons (n = 95) 666 

Fig 7. Relative frequency of raid durations by primate CREs (n = 95). 667 

Fig 8. The frequency of baboon and grivet monkey CFEs by time of day (N = 95) between April 668 

to September 2020 and 2021 years. 669 

Fig 9. Relative frequency of raiding by primate CREs (n = 95) 670 

Fig 10. The frequency distribution of CREs that were single raids or within a series of multiple-671 
CREs for each of these two primate species (n = 95)  672 
 673 
Fig 11. The number of baboon and grivet monkey field visits that did and did not involve crop-674 

raiding events (CRE) on maize fields in the Highlands of Damota Mountain, April to September 675 
2020 and 2021 years (n=367) 676 

 677 
Fig 12. The number of baboon and grivet monkey field visits that involved single- and multi-678 
crop raiding events on maize fields in the Highlands of Damota Mountain, April to September 679 
2020 and 2021 years (n=189). 680 

 681 
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Table 1. Maize field and study plot size on the protective and non-protective maize fields 682 

 683 

 684 

 685 

 686 

 687 

 688 

 689 

 690 

 691 

 692 

 693 

    
Study sites Field number Maize field size in hectare Study plot size (10x10m)  Distance to forest edge 

Preventive and non-

preventive measures 

Gurumu Woide 

1 0.01 0.01 50m Wire mesh 

2 0.06 0.01 50m Human guard 

3 0.1 0.01 50m Scarecrow 

4 0.1 0.01 50m Thorny bushy 

5 0.1 0.01 50m Open/control 

6 0.2 0.01 100m Open 

7 0.3 0.01 200m Open 

8 0.3 0.01 300m Open 

Kokate 

Marachare 

9 0.2 0.01 50m Wire mesh 

10 0.2 0.01 50m Scarecrow 

11 0.2 0.01 50m Thorny bushy 

12 0.2 0.01 50m Open/control 

13 0.2 0.01 50m Human guard 

14 0.3 0.01 100m Open 

15 0.3 0.01 200m Open 

16 0.3 0.01 300m Open 

Delbo Wogene 

17 0.2 0.01 100m Open 

18 0.2 0.01 200m Open 

19 0.3 0.01 300m Open 

Damot Waja 

20 0.06 0.01 100m Open 

21 0.3 0.01 200m Open 

22 0.3 0.01 300m Open 

Konasa Pulasa 

23 0.01 0.01 100m Open 

24 0.3 0.01 200m Open 

25 0.3 0.01 300m Open 
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Table 2. The comparison of farmer response frequency and CFE/CRE frequency of crop 694 

feeding/raiding species from April to September 2020 and 2021 years 695 

Pest species 

Number of farmers reporting 

the species 

Frequency of 

CFE/CRE 

Baboon (Papio anubis) 22 80 

Grivet monkey (Chlorocebus aethiops) 17 45 

Porcupine (Hystrix cristata) 25 75 

Common bushbuck (Tragelaphus scriptus) 10 24 

  696 

 697 
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Highlight
I don't think it's necessary to include this table, given that the datasets have already been presented and included in the results section.



26 
 

Table 3. Farmer observation and reported of maize damage assessments (580 maize stem expected per plot except field no. 25 (see the text) 698 
699 

Study sites Field 

number 

Distance to 

forest 

 measures Olive baboons Grivet monkeys 

Maize  cobs loss %  damaged  Av. damaged Av.%  Maize cobs loss %  damaged  Av. damaged Av. %  

2020 2021 2020 2021 2020/21 2020/21 2020 2021 2020 2021 2020/21 2020/21 

Gurumu Woide 1 50m Wire mesh 145 146 16.57 16.35 145.5 16.46 0 0 0 0 0 0 

2 50m guard 127 128 14.51 14.33 127.5 14.42 0 0 0 0 0 0 

3 50m Scarecrow 165 167 18.86 18.7 166 18.78 0 0 0 0 0 0 

4 50m Thorny  160 161 18.29 18.03 160.5 18.16 0 0 0 0 0 0 

5 50m Open/control 164 168 18.74 18.81 166 18.78 0 0 0 0 0 0 

6 100m Open 48 54 5.48 6.05 51 5.77 0 0 0 0 0 0 

7 200m Open 16 13 1.83 1.46 14.5 1.64 0 0 0 0 0 0 

8 300m Open 4 5 0.46 0.56 4.5 0.51 0 0 0 0 0 0 

Kokate 

Marachare 

9 50m Wire mesh 0 0 0 0 0 0 0 0 0 0 0 0 

10 50m guard 4 2 0.46 0.22 3 0.34 12 13 3.56 3.74 12.5 3.65 

11 50m Scarecrow 7 8 0.8 0.9 7.5 0.85 25 27 7.42 7.76 26 7.59 

12 50m Thorny  6 7 0.69 0.78 6.5 0.74 17 19 5.04 5.46 18 5.26 

13 50m Open/control 11 12 1.26 1.34 11.5 1.3 29 31 8.61 8.91 30 8.76 

14 100m Open 15 18 1.71 2.02 16.5 1.86 11 12 3.26 3.44 11.5 3.36 

15 200m Open 3 4 0.34 0.45 3.5 0.39 2 5 0.59 1.43 3.5 1.02 

16 300m Open 0 0 0 0 0 0 0 0 0 0 0 0 

Delbo Wogene 17 100m Open 0 0 0 0 0 0 30 28 8.9 8.04 29 8.47 

18 200m Open 0 0 0 0 0 0 9 12 2.67 3.44 10.5 3.07 

19 300m Open 0 0 0 0 0 0 0 0 0 0 0 0 

Damot Waja 20 100m Open 0 0 0 0 0 0 40 42 11.9 12.1 41 11.97 

21 200m Open 0 0 0 0 0 0 10 10 2.97 2.87 10 2.92 

22 300m Open 0 0 0 0 0 0 0 0 0 0 0 0 

Konasa Pulasa 23 100m Open 0 0 0 0 0 0 117 119 34.7 34.19 118 34.45 

24 200m Open 0 0 0 0 0 0 35 30 10.4 8.62 32.5 9.48 

25 300m Open 0 0 0 0 0 0 0 0 0 0 0 0 

Total   875 893 100 100 884 100 337 348 100 100 342.5 100 
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Table 4. Image data of olive baboon and grivet monkeys by camera traps of twenty five maize fields during 2020 and 2021 700 
701 

Study sites Camera ID Distance to forest edge 

Preventive and Non-

preventive measures 

Olive baboon Grivet monkey 

CRE     CFE CRE     CFE 

Gurumu Woide 

A1 50m Wire mesh 4 0 0 0 

A2 50m Human guard 10 0 0 0 

A3 50m Scarecrow 12 3 0 0 

A4 50m Thorny bushy 6 0 0 0 

A5 50m Open/control 9 0 0 0 

A6 100m Open 3 0 0 0 

A7 200m Open 0 0 0 0 

A8 300m Open 0 0 0 0 

Kokate Marachare 

B1 50m Wire mesh 0 0 0 0 

B2 50m Scarecrow 0 0 1 0 

B3 50m Thorny bush 0 0 1 0 

B4 50m Open/control 0 0 1 0 

B5 50m Human guard 0 0 0 0 

B6 100m Open 0 0 1 0 

B7 200m Open 0 0 0 0 

B8 300m Open 0 0 0 0 

Delbo Wogene 

C1 100m Open 0 0 1 0 

C2 200m Open 0 0 0 0 

C3 300m Open 0 0 0 0 

Damot Waja 

D1 100m Open 0 0 1 0 

D2 200m Open 0 0 0 0 

D3 300m Open 0 0 0 0 

Konasa Pulasa 

E1 100m Open 0 0 11 2 

E2 200m Open 0 0 2 0 

E3 300m Open 0 0 0 0 

Total   44 3 19 2 
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Table 5. The proportion of the total number of on-field primates during CREs (n = 367) that were 702 

adults, sub-adults, or infants. 703 

 704 

 

                                                              Total number of individuals on fields  705 

Adults             Sub-adults            Infants                      Total 

 706 

Anubis baboon           151 (57.6%)          78 (29.8%)             33 (12.6%)          262 

Grivet monkey            65 (61.9%)              40 (38.1%)            0 (0%)               105 

   Total                             216                           118                     33                       367 707 

 

 708 

 709 

 710 

 711 

 712 

 713 

 714 

 715 

 716 

 717 

 718 

 719 

 720 

  721 
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Table 6. Age-category composition of primate raiding groups during CREs (n = 95). 722 

 723 

                                  Composition of crop-raiding group 

                Adults only    Adults and sub-adults     Adults and infants    Adults, sub-adults, infants                                                                                                                                                                       

Species              % CREs           % CREs            % CREs                   % CREs 

Anubis baboon      36                   45                    4.4                            14.6 

Grivet monkey      68                   32                    0.0                             0.0 

 724 

 725 

 726 
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Fig 1. Background vegetation map based on remote sensing data [10]  
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Fig 2. Various prevention strategies (Wire mesh (A), Human guardian tower (B), Scarecrow (C), 

Thorny bush (D)) were assessed in eight experimental maize field sites to evaluate their 

effectiveness in deterring crop raiders. The study was conducted in maize field sites located in 

Gurumu Woide and Kokate Marachare. 
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Fig 3. The images above depict camera trap captures of various wildlife species observed in maize field sites located 

in Damota Mountain, Southern Ethiopia: (A) Anubis baboons (Papio anubis) (B) Grivet monkeys (Chlorocebus 

aethiops), (C) Porcupine (Hystrix cristata), and (D) Bushbuck (Tragelaphus scriptus) 
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Fig 4. The average of maize stems (≈number of cobs) damaged within 10m x 10m study plots by Olive baboons was 

examined in relation to various prevention methods at a distance of 50 meters from the forest edge during the 2020 

and 2021 maize cropping seasons and crop phenology in the Gurumu Woide and Kokate Marachare (GW) sub-

district. The boxplot illustrates a significant difference in crop damage among different prevention methods (p < 

.001). 
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Fig 5. The average of maize stems (≈the number of cobs) damaged within 10m x 10m study plots by grivet monkeys 

illustrates the relationship with various prevention methods at a distance of 50 meters from the forest edge during 

the 2020 and 2021 maize cropping seasons and crop phenology in the Kokate Marachare (KM) sub-district. The 

boxplot shows a significant difference in crop damage with different prevention methods (p < .005). 
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Fig 6. The frequency of primate maize crop raided during the 2020 and 2021 maize cropping 

seasons (n = 95) 
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Fig 7. Relative frequency of raid durations by primate CREs (n = 95). 
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Fig 8. The frequency of baboon and grivet monkey CFEs by time of day (N = 95) between April 

to September 2020 and 2021 years. 
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Fig 9. Relative frequency of raiding by primate CREs (n = 95) 
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Fig 10. The frequency distribution of CREs that were single raids or within a series of multiple-

CREs for each of these two primate species (n = 95)  
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Fig 11. The number of baboon and grivet monkey field visits that did and did not involve crop-

raiding events (CRE) on maize fields in the Highlands of Damota Mountain, April to September 

2020 and 2021 years (n=367) 
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Fig 12. The number of baboon and grivet monkey field visits that involved single- and multi-

crop raiding events on maize fields in the Highlands of Damota Mountain, April to September 

2020 and 2021 years (n=189). 
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