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29 Abstract

30 Cameras have become widely used tools in wildlife research, providing new insights into the 

31 behavior, population dynamics, and habitat preference of species across a wide range of taxa. 

32 In this study, we conducted a systematic literature review to explore the use camera 

33 technology, both still and video, in wildlife research over time. We analyzed 2,472 peer-

34 reviewed articles published between 2010 and 2023 from around the world that incorporated 

35 cameras into wildlife studies. Our review reveals a sharp increase in the number of English-

36 language publications using cameras after 2018, which may be attributed in part to the 

37 increasing availability of drones and to the development of machine-learning algorithms for 

38 processing large datasets. Mammals (75%) and birds (19%) were the most studied organisms, 

39 and camera traps were the most used camera device type. Research topics were equally 

40 divided between behavioral studies, population dynamics, and species presence/absence 

41 monitoring. Despite the global spread of studies using camera technologies, geographic gaps 

42 remain, particularly in central Asia, northern Africa, and Greenland. Our findings highlight 

43 the increasing role of camera technology in studying wildlife. However, despite these 

44 technological advancements, we suggest that it is essential not to lose the direct connection 

45 with nature and the species being studied. We emphasize that time in the field remains 

46 important for ecologists to gain a deeper understanding of ecological processes and to foster a 

47 meaningful connection to the research.

48

49 Keywords: surveillance, imagery, camera trap, monitoring, ecology, remote wildlife sensing

50

51 Introduction

52

53 Historical context and early use of cameras in wildlife research
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54 Cameras have been used to record wildlife information since the 1890s (Webb, 2020) but 

55 have recently become an indispensable tool in scientific research, particularly in wildlife 

56 monitoring and conservation (Bassing et al. 2023; Kinnaird et al. 2003). The widespread use 

57 of still and video cameras (i.e.: remote wildlife sensing) has revolutionized our ability to 

58 gather data on species presence/absence, population dynamics, behavior, and habitat use 

59 across a diverse range of ecosystems such as underwater (Neidig et al. 2024), grassland 

60 (Muthoka et al. 2022), tree canopy (Haysom et al. 2021), or remote Arctic and Antarctic 

61 environments (Huffeldt and Merkel 2013; Southwell and Emmerson 2015). For example, 

62 underwater cameras and image analysis algorithms present an autonomous, long-term 

63 solution for monitoring benthic fauna in the extreme conditions of Antarctic coastal waters 

64 (Marini et al. 2022), and satellite imagery has been successfully used to conduct global 

65 censuses of several penguin species, revealing previously undetected breeding pairs (LaRue 

66 et al. 2022). Remote wildlife sensing now provides researchers with a non-invasive and 

67 highly efficient means of collecting observational data in the field, allowing for improved 

68 documentation of cryptic species and behaviours. (Fig. 1; Loonam et al. 2021; Bruce et al. 

69 2025) For instance, camera traps have been used in combination with capture-recapture 

70 analysis to estimate the population size of nocturnal, elusive wildlife (Trolle and Kéry 2003), 

71 and the deployment of video cameras has permitted researchers to record complex behavioral 

72 interactions between co-occurring species (Rasool et al. 2021). Remote wildlife sensing 

73 offers advantages over human observers by providing objective, continuous, long-term data 

74 collection while reducing disturbance to the animals being studied (but see Meek et al. 2015). 

75 It additionally allows for the collection of multimodal information relevant to a wide range of 

76 empirical inquiries, thus enhancing the versatility and depth of research findings. As a result, 

77 remote wildlife sensing – ranging from standard visual cameras to infrared sensors – is now 
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78 widely employed across disciplines, contributing valuable insights into everything from 

79 species conservation efforts to ecosystem monitoring and behavioral studies.

80

81 Technological advancements and increased accessibility

82 Technological advancements in cameras, notably trail cameras, have occurred rapidly and 

83 regularly since the 1980s when they were first produced in a price and utility range suitable 

84 for sport hunters, leading to increased demand (Webb 2020). As well, by 1999, high 

85 resolution digital single lens reflex cameras became available and affordable (Galal 2016). 

86 Concomitantly, cameras allowed scientists and wildlife managers to conduct long-term 

87 studies which were previously logistically or financially challenging. For example, in remote 

88 areas such as polar regions, year-round deployment of cameras allows for continuous 

89 monitoring of wildlife populations, even when human presence is not feasible (Black et al. 

90 2017). Long-term observations such as these have enabled scientists to track trends over time, 

91 detecting changes in wildlife species or their habitats that may otherwise go unnoticed 

92 (Hanya et al. 2018; Rostro-García et al. 2024).

93

94 Ecological and conservation applications of camera-based monitoring

95 Indeed, long-term, continuously collected data on species’ behaviour (Caravaggi et al. 2017), 

96 population dynamics (Karanth et al. 2006), habitat preferences (Rovero et al. 2014), and more 

97 can be used to inform conservation, management, and policy for these species and their 

98 habitats. For example, the use of camera traps in Bangladesh wildlife sanctuaries has 

99 enhanced the patrol team’s ability to detect and investigate illegal harvesting (Hossain et al. 

100 2016). Camera studies also support the early detection of environmental change, such as 

101 shifts in breeding phenology (Hofmeester et al. 2020), migration patterns (Jachowski et al. 

102 2015), or habitat use (Bowkett et al. 2007), which can facilitate more prompt responses to 
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103 these issues. Finally, the use of remote wildlife sensing can inform habitat restoration for 

104 species at risk (Tattersall et al. 2020). 

105

106 Public engagement and citizen science through camera imagery

107 Images from cameras provide a valuable source of data but also act as a bridge between 

108 researchers and the public or stakeholders. These images act as a tangible connection to the 

109 research and its findings - something that is often lacking in many empirical studies (Lavers 

110 and Bond 2024). They can provide an image of a problem, habitat, or species that the public 

111 may struggle to imagine or may not otherwise have an opportunity to see, which can make 

112 research and science more accessible to those within and outside the scientific community 

113 (Schwarz 2013). Through citizen science apps such as iNaturalist (https://inaturalist.org/), 

114 eBird (https://ebird.org), or SIKU (https://siku.org), the public can aid in research by 

115 contributing to the creation of data-rich sources that might not have been possible otherwise 

116 due to limited resources and time (Grégoire Taillefer et al. 2024). The plethora of images 

117 now available to scientists can also be handled via Artificial Intelligence (AI) and machine-

118 learning (ML), with the possible drawback of being disconnected from the study species 

119 (Barnas and Fisher 2024).

120

121 Scope and objectives of this review

122 While previous reviews focused on a single type of camera system (Burton et al. 2015, 

123 Blount et al. 2021, Bruce et al. 2025), or a single habitat type (Zwerts et al. 2021), we aimed 

124 to describe how remote sensing imagery has been used globally to monitor wildlife since 

125 2010. Notably, we strived to highlight both the advantages and the potential downfalls of 

126 relying on camera technology to understand ecological study systems. We assessed trends in 

127 camera use over time, as well as their use in a diverse range of research topics (e.g., 
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128 behaviour or population dynamics) and applications (e.g., conservation or management). We 

129 also characterized and evaluated the use of various camera types for wildlife research. We 

130 anticipated a continuous increase in the number of papers published using camera-acquired 

131 data, particularly during or following the COVID-19 pandemic, as many scientists were 

132 prevented from working in the field and thus could focus on writing some of their existing 

133 work (e.g., Else, 2020). Finally, we commented on the future of remote wildlife sensing and 

134 the potential disconnect between researchers and the studied species as artificial intelligence 

135 and machine-learning tools are increasingly performing tasks previously done by researchers 

136 themselves.

137

138 Methods

139

140 We performed a literature search for peer-reviewed articles using cameras to study wildlife. 

141 We used the Scopus search engine on January 29, 2024, with the following terms: (wildlife) 

142 AND (video* OR camera* OR photo OR photography OR drone). We limited our search to 

143 2010 and later. Before deciding on our final search string, we tested several other terms that 

144 we ultimately deemed unsuitable. For example, the term “photo*” in lieu of “photo” and 

145 “photography” greatly increased the number of irrelevant results (e.g., titles including 

146 “photosynthesis” or “photochemistry”). Similarly, we tried including several taxa-specific 

147 terms alongside “wildlife” such as “bird,” “mammal”, and “reptile” but this greatly increased 

148 our search results (>14,000 results) with the majority being lab-based research that was not 

149 applicable to our study. Consequently, the term “wildlife” was included in our search, which 

150 may have excluded papers that only used taxa-specific terms. All references were manually 

151 screened to exclude articles that were reviews, methods papers, focused on photo-based 

152 artificial intelligence (AI) training, or using animals in captivity. We then manually extracted 
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153 the following variables from the selected publications (Table 1): publication year, country, 

154 habitat, taxa group, research topic, and application. The categorizations for research topic and 

155 application were based on the primary focus, objectives, and applied context of each article. 

156 Where an article overlapped categories, it was assigned according to its dominant theme. The 

157 camera type, image type, number of camera units, and whether the authors used community 

158 science was also recorded. We determined use of thermal cameras by screening articles that 

159 mentioned “thermal” in the title, abstract, or keywords. We also screened the title, abstract, 

160 and keywords of the selected publications for “artificial intelligence” and “machine learning”. 

161 We subsequently tallied the categories of each variable by year. To examine a change in the 

162 distribution of the different categories, chi-square tests of independence were conducted to 

163 examine the relationship between each variable and publication year. We also note that by 

164 limiting our search to English publications, articles from predominantly non-English regions 

165 may be underrepresented. (Amano et al. 2021). 

166

167 Recent patterns in use of cameras in wildlife research

168

169 A total of 2472 articles out of an original 4475 met the selection criteria. The number of 

170 articles increased progressively from 2010 (n = 34) to 2018 (n = 154, average publication per 

171 year until 2018 = 80  44), with a drastic increase in publication quantity after 2018 (average 

172 publication per year post 2018 = 300  38; Fig. 2). Articles published in 2024 at the time of 

173 our search (n = 36) were removed from the dataset to have only full years of data at the time 

174 of our analysis, resulting in n =  2436 articles.

175

176 Geographic distribution

177
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178 Studies were distributed globally, except for northern Africa (the Maghreb and greater Sahara 

179 regions), central Asia (Kazakhstan, Uzbekistan and Turkmenistan), and Greenland (Fig. 3). 

180 Over 20% of the study sites were in the United States of America (n = 487), followed by 

181 China (n = 206), Australia (n = 146), and Canada (n = 108).

182

183 Focal taxa

184

185 Most studies focused on mammals (75 %; Fig. 2A), followed by birds (19 %), with no change 

186 in proportion over time (χ2  = 88.23, df = 91, p = 0.56). Camera traps were the most used 

187 camera type in the articles we reviewed (83.4%; Fig. 2B), and were used primarily for studies 

188 on mammals (n = 1711) or birds (n = 381; Fig. 4). Studies used mean = 83 ± 194 SD and 

189 median = 30 cameras  per study, excluding social media studies. 2% (n = 43) of studies used 

190 thermal cameras. There was no change in the proportion of studies using photographs (80 %) 

191 and studies using videos (20%) over time (χ2  = 14.73, df = 13, p = 0.32). Interestingly, we 

192 noted that almost all wildlife groups were represented by at least one study using animal-

193 borne cameras (Fig. 4). Given that attached units generally need to be 2-5% of the animal’s 

194 body mass (e.g., https://ccac.ca/Documents/Standards/Guidelines/CCAC_Guidelines-

195 Wildlife.pdf), the progress of studies across taxa attests to the miniaturization of this 

196 technology in recent years. For example, cameras weighing less than 0.3 g have been 

197 deployed on beetles (Iyer et al. 2020). 

198

199 Focal topics

200

201 Research topics were almost equally divided between behavioural occurrence (31%), 

202 population dynamics (29%), and species occurrence (presence/absence; 29%; Fig. 2E) within 
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203 the entire timeframe selected for this review.  However, the division of research topic 

204 prevalence in each year showed a significant change of distribution over time (χ2  = 74.88, df 

205 = 52, p = 0.020). This difference over time was non-directional as significant differences 

206 were driven by a higher proportion of presence/absence studies in 2010 and 2020 and lower 

207 proportion of presence/absence studies in 2015 and 2022. Applications were divided among 

208 management (38%), conservation (33%), and fundamental research (28%; Fig. 2F), with no 

209 change in the proportion over time (χ2 = 69.71, df = 65, p = 0.32).

210

211 Why has the use of cameras changed?

212

213 We observed a marked rise in publications using camera-acquired data after 2018, but the 

214 reasons for the timing of this increase are unclear (Fig. 2). We speculate that it may in part be 

215 attributable to the increase in the use of drones in wildlife research, as highlighted in Figure 

216 2B (see also Brisson‐Curadeau et al. 2024). However, this alone is not enough to explain the 

217 significant leap in the number of studies between 2018 and 2019. During this period, the 

218 adoption of ML algorithms and computer-automated detection tools to process large volumes 

219 of images became more widespread (Fig. 5A; Chabot and Francis 2016; Dujon et al. 2021; 

220 Yang et al. 2021). These technological advancements allowed researchers to analyze large 

221 image datasets more efficiently (Meek et al. 2020), likely encouraging the broader use of 

222 camera equipment in research projects and contributing to the sharp increase in related 

223 publications. In addition, advances in other remote sensing technologies such as LiDAR 

224 (Light Detection and Ranging) and high-resolution satellite imagery, coupled with improved 

225 GIS-based analytical tools, have expanded the possibilities for integrating camera data with 

226 detailed spatial and structural information (Robold and Huettmann 2021; Cosgrove et al. 

227 2024). The overall quality and accessibility of remote sensing data beyond drones has 
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228 increased significantly, allowing for richer datasets and more comprehensive ecological 

229 analysis. When algorithms are not used to process large datasets of images, researchers can 

230 benefit from the public through different citizen science platforms (e.g., zooniverse.org; 

231 Edney et al. 2024; Fig. 5B). Such platforms can increase public engagement in conservation 

232 issues and are becoming increasingly popular. 

233

234 The COVID-19 effect?

235

236 Our expectation that the COVID-19 pandemic would be followed by a pulse of papers on 

237 camera work was not well supported. In 2020, a year marked by the onset of the COVID-19 

238 pandemic, we observed the highest number of publications involving camera use in any year. 

239 COVID-19 forced governments to restrict human movement and contact, establishing 

240 guidelines which mandated lockdowns and social distancing. While we know that this led to 

241 an increase in publications in almost all scientific disciplines (Else 2020) including ecology 

242 (Fox and Meyer 2021), the peak of camera-use papers in 2020 meant that most of those 

243 manuscripts were actually in review prior to the pandemic, given an optimistic expectation of 

244 ~ 1 year for writing, submission, review, and publication. However, we suspect there were 

245 some related “benefits”. For example, though most of humanity’s everyday life, including 

246 many types of science, was put on hold, camera traps offered researchers the ability to 

247 continue projects while under lockdown. Fortunately, COVID-19 happened to coincide with 

248 a time when cameras themselves were more affordable than ever, and camera technology had 

249 reached a technical stage (memory storage, resolution, size) that was applicable for many 

250 types of work (Blount et al. 2021). The technological advancements have continued; for 

251 example, some camera battery systems may last more than a year (or can be continuously 

252 solar-charged), some systems have images that can be transmitted instantaneously to a 
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253 smartphone, and, in many cases, recovered images can be automatically classified via ML 

254 software (Blount et al. 2021). 

255

256 While camera traps allowed researchers to continue projects throughout COVID-19, the 

257 pandemic and its lockdowns also provided the unique opportunity to investigate ripples in 

258 nature as a result of unprecedented low human activity. For example, in an exploratory 

259 camera trap study, Silva-Rodríguez et al. (2021) documented novel records of four native 

260 carnivores in Chilean cities in 2020, none of which had been previously linked to urban areas. 

261 Collectively, these factors may explain why numbers of camera-related publications have 

262 remained high since the pandemic, despite a return to “normal” work patterns for most 

263 researchers.

264

265 Surprisingly, we expected a continued increase in papers produced annually using camera-

266 acquired data, but after the peak in 2020, the number of papers produced each year declined 

267 and stabilized (Fig. 2). Bruce et al. (2025) found a similar pattern in Australian camera-trap 

268 studies, after expecting a pattern of exponential increase. They conducted interviews of 

269 researchers and consequently argued that the “plateau” in publication output was caused by 

270 scientists reaching their current capacity for the time it takes to sample, process/analyse 

271 images, and write papers. They conclude that the number of publications will start to increase 

272 again as researchers adopt AI and/or ML approaches (e.g., Meek et al. 2020). We agree with 

273 this explanation and expect it should apply globally. 

274

275 Drivers of camera use

276
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277 The jump in camera-related publications in 2019 may also be attributable to a more practical, 

278 economic factor: cost. Webb (2020) showed that in 2016, there was a clear increase in 

279 interest and demand for cellular trail cameras as prices had declined and newer models had 

280 come into the market - the start of a predictable economic pattern. We therefore suspect that 

281 many studies which may have been previously limited due to costs were liberated in 2016 

282 and 2017, which could lead to publications based on one or two years of data coming out in 

283 2019 and 2020.

284

285 Another contributing factor to the marked increase in camera-related publications is likely the 

286 popularization of unmanned aerial vehicles (UAVs, or drones; see reviews in Chabot 2018; 

287 Wang et al. 2021). Their use in wildlife research comes with diverse applications and 

288 advantages, but also many caveats (Table 2). Remote sensing imagery, obtained via drones, 

289 aircraft, or even high-resolution satellite sensors, allows researchers to monitor remote 

290 locations with greater speed and ease than traditional ground-based methods or handheld 

291 aerial cameras (Schad and Fischer 2023). Remote sensing imagery has a wide range of uses 

292 in wildlife research, including population monitoring of mammals (Vermeulen et al. 2013), 

293 seabirds (Rush et al. 2018), and reptiles (Sykora-Bodie et al. 2017), as well as the study of 

294 their movement and habitat usage (Strandburg-Peshkin et al. 2017). Drones provide high-

295 resolution images (e.g., Fig.1A) and cover large areas quickly while also minimizing the need 

296 for direct human presence, which can disturb wildlife and their breeding habitats (Schad and 

297 Fischer 2023). However, as with all techniques, researchers must consider animal welfare 

298 when using drones. Studies have shown that drone flights can cause stress, alarm responses, 

299 or even abandonment of nests, particularly in sensitive species (Borrelle and Fletcher 2017; 

300 Cantu De Leija et al. 2023). Factors such as the drone’s altitude, noise level, and flight speed 

301 can all influence how wildlife react, and careful planning is necessary to minimize these 
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302 impacts (Schad and Fischer 2023). Additionally, behavioral changes induced by drone 

303 presence, such as altered feeding patterns or aggression (Brisson‐Curadeau et al. 2024), may 

304 bias the data collected and negatively affect wildlife at the breeding site (Edney et al. 2023). 

305 Behavior change is not just observed with the use of drones. Camera traps, while generally 

306 considered non-invasive, can also alter the behavior of animals (Sequin et al. 2003; Schipper 

307 2007; Wegge et al. 2004). Certain species may become aware of the camera’s presence, 

308 especially if the device emits light (Wegge et al. 2004), which can lead to avoidance 

309 behavior, attraction to the equipment, changes in activity patterns, or increased predation 

310 upon the studied species (Henden et al. 2025). It is crucial to remember that these factors can 

311 introduce bias in the data collected when planning studies relying on the use of cameras.

312

313 Regardless of the diverse options that camera technology offers for studying wildlife, the 

314 most commonly used combinations remain relatively limited. Camera traps in particular are 

315 predominantly used for studying mammals and birds (Fig. 4). This reflects the strengths of 

316 camera traps in monitoring terrestrial species (Fig. 2D) that are active both during the day and 

317 at night, are of suitable size and speed to be detected (e.g., Swann et al. 2004, Bruce et al. 

318 2025), and are potentially in remote or difficult-to-access locations. Furthermore, many 

319 behaviors can be studied from camera traps (Caravaggi et al. 2017). Mammals and birds are 

320 prime targets because of their ecological significance, larger body sizes, and the fact that 

321 many are charismatic species or species of conservation concern. While camera traps have 

322 proven their utility in detecting species presence, estimating population sizes, and studying 

323 behavior, their application in other taxonomic groups or ecosystems, such as aquatic 

324 environments or for studying smaller organisms, remains limited (Fig. 4). This suggests that, 

325 while the potential of camera technology is vast with broad applications from conservation 

326 and management to fundamental research (Fig. 2F), its application has so far been 
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327 concentrated on specific taxa and research contexts. Expanding these tools to other wildlife 

328 groups could further unlock insights across a broader range of species and habitats (Bjerge et 

329 al. 2023).

330

331 Despite being more affordable with passing time, cameras of all types can still pose relatively 

332 high costs to a project, especially considering typical numbers required for deployment, and 

333 this can limit researchers' ability to use them in studies. While there has been an increase in 

334 published research using drones, handheld cameras, and animal-borne cameras, these 

335 expensive camera types which require specialized skills or training to use remain relatively 

336 uncommon tools in ecology research. The dominant application of camera traps is likely in 

337 part due to ease of use, as units are readily available off-the-shelf from many retailers and are 

338 designed to be user-friendly for layperson applications. However, camera trap study designs 

339 often require building extensive camera networks within a research area. If we consider using 

340 a robust, higher quality trail camera, designed to withstand a range of environmental 

341 conditions, it can cost up to ~ $600 CAD per camera. Once we include additional equipment 

342 for installment, data storage, power, and protection of the camera from wildlife and theft, 

343 each camera deployment can cost between $650 to $700 CAD. Importantly, this does not 

344 include field expenses associated with deployment and recovery of camera traps. Of course, 

345 there are many options available for seasonal use in less extreme conditions (e.g., many trail 

346 cameras designed for hunters), and these are roughly half the cost. As camera technology has 

347 become more accessible and affordable, it is increasingly being integrated into research 

348 studies. However, cost remains a barrier—particularly for large-scale landscape projects that 

349 require a significant number of cameras.

350

351 Why are some wildlife taxa underrepresented in camera studies?
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352

353 Compared to mammals and birds, cameras are used far less frequently to study other animal 

354 groups, including invertebrates, fish, amphibians, and reptiles. One possible reason for this 

355 disparity is that camera traps, commonly equipped with a passive infrared (PIR) sensor, are 

356 designed to detect animals based on both heat and motion. While this reliance on thermal 

357 radiation lends itself well to monitoring of endothermic mammals and birds, PIR sensors do 

358 not reliably detect ectotherms, i.e., invertebrates, fish, amphibians, and reptiles (Hobbs and 

359 Brehme 2017). Additionally, size and shape of the detection zone varies considerably across 

360 camera trap models, and few are optimized to detect smaller-bodied animals (Meek et al. 

361 2015; Swann et al. 2004; Ortmann and Johnson 2021). Monitoring fish with cameras presents 

362 unique challenges stemming from their complex environment and the organisms themselves, 

363 such as fluctuations in water turbidity and lighting, optical distortion, similarity between fish 

364 colour and background, and colour-changing fish (Yang et al. 2021). Insects are particularly 

365 challenging to detect and identify in imagery given their small body size and extensive 

366 diversity (Bjerge et al. 2023). However, automated detection algorithms capable of 

367 recognizing various insect species against complex backgrounds have recently been 

368 developed (Bjerge et al. 2023). These advances, combined with ongoing increases in sensor 

369 resolution, will likely help to facilitate efficient, non-invasive monitoring of invertebrates in 

370 the field (Ärje et al. 2020; Bjerge et al. 2023). Finally, we note that our results likely reflect 

371 the taxonomic bias in biodiversity and conservation research towards more charismatic 

372 animal groups, particularly mammals and birds (Titley et al. 2017).

373

374 Anticipated future developments

375
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376 As camera use in wildlife research becomes more widespread, we expect that camera 

377 technology and applicability will continue to improve. While thermal cameras currently 

378 represent a small proportion of camera use, infrared sensors offer unique advantages, 

379 particularly in detecting species with cryptic colouration or behaviour (e.g., nocturnal; 

380 Fig.1B; Psiroukis et al. 2021). As technology advances, prices for cameras and memory 

381 storage are decreasing (McCallum 2024) and simpler integration is expected to drive greater 

382 adoption of thermal cameras among researchers. Another area of interest for future 

383 improvement is the integration of AI. Camera trapping is a cost-effective method of 

384 monitoring multiple species over long periods; however, such projects often generate vast 

385 amounts of data which incur significant processing costs and can be highly time-consuming 

386 (Vélez et al. 2023). By using AI as a tool to streamline data processing, long-term monitoring 

387 projects with limited capacity for manual image or video processing will become more 

388 feasible and accessible (Petroni et al. 2024). This is particularly valuable for detecting and 

389 explaining temporal variation in ecological processes. Depending on project goals, 

390 researchers may adopt fully or partially automated systems (Vélez et al. 2023). Fully 

391 automated systems are ideal for continuous, large-scale data collection or real-time 

392 applications; one example is the AI-enabled tiger-monitoring cameras in India and Nepal, 

393 which send alerts to mitigate human-wildlife conflict and prevent poaching (Dertien et al. 

394 2023). Semi-automated systems can filter out blank images, categorize data, or highlight 

395 specific image features, like placing bounding boxes around small or cryptic animals (Vélez 

396 et al. 2023). While there are several AI models available for species identification and image 

397 processing, current models may be biased by unbalanced training sets (Schneider et al. 2020). 

398 To date, camera trap studies have most often been used for terrestrial-based, charismatic 

399 animal groups like mammals and birds, which can lead to uneven species representation and 
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400 geographically-limited datasets (Titley et al. 2017; Bruce et al. 2025). As camera monitoring 

401 expands to understudied taxa and locations, these biases may be reduced.

402

403 What do we potentially lose using cameras?

404

405 As a cautionary note, also raised by Barnas and Fisher (2025), we believe it is worth 

406 recognizing that while advances in camera technology, such as camera traps and drones, have 

407 revolutionized the way we study wildlife, they may also have unintended, socio-ecological 

408 effects, perhaps analogous to ecological grief (Cunsolo and Ellis 2018). The ease of remote 

409 monitoring and the increasing reliance on post-field data analysis can inadvertently lead to a 

410 disconnect between researchers and the ecosystems they study (Watson 2011; Kiggel 2021). 

411 Immersive time in nature remains invaluable for the body and the mind (Keniger et al. 2013), 

412 and it allows scientists to observe behaviors and environmental nuances, including the 

413 importance of non-visual cues like scent, that may not be captured by still frame shots alone 

414 or by video capturing only part of the 360° story (Schleper 2021). Spending time immersed in 

415 the study system fosters a deeper understanding of species interactions and environmental 

416 changes, which are essential for conservation efforts. As Mantegna (2024) stressed, the joy 

417 and value of field research lie in direct engagement with nature, where researchers can gain a 

418 more profound understanding of ecological processes. Rafiq et al. (2024) similarly 

419 highlighted the importance of the value of field research in academia: direct engagement with 

420 study species enhances not only the quality of research but also the researchers’ connection to 

421 their work. This personal engagement can inspire more meaningful insights and a greater 

422 sense of stewardship toward wildlife and their ecosystems, reminding us that fieldwork is an 

423 irreplaceable part of ecological research.

424
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425 Future developments in AI and thermal imaging should improve the effectiveness and 

426 accessibility of camera-based research, allowing for wider applicability across taxa and 

427 ecosystems. However, it is important to remember the socio-ecological effects of these 

428 technologies as we adopt them. Cameras and automated systems may encourage a 

429 disengagement from field immersion, which could lead to a loss of the nuanced 

430 understanding that comes from close interaction with nature. Immersion in nature is essential 

431 to the development and maintenance of reciprocal relationships between scientists and study 

432 organisms, and the understanding that these beings provide humans with a multitude of gifts 

433 we must reciprocate with our care and protection is essential to lasting conservation and 

434 sustainability (Kimmerer 2018). The time-saving benefits of using AI tools must not come at 

435 the cost of scientists losing their emotional connection with wildlife (Barnas and Fisher 

436 2025). Balancing technological innovation with traditional fieldwork practices will ensure 

437 that wildlife research not only advances our scientific knowledge but also strengthens our 

438 connection to the ecosystems we strive to conserve. In other words, having human “boots and 

439 eyes on the ground” is irreplaceable. 

440

441 Conclusion

442

443 Cameras have emerged as a vital instrument for wildlife research. Technological 

444 developments and associated ease of use, decreasing costs, and a growing demand for 

445 minimally disruptive techniques have contributed to their widespread acceptance. The 

446 capacity of camera traps to track terrestrial species in isolated or challenging-to-reach areas is 

447 especially appreciated as it yields vital information on species presence, behaviour, and 

448 population dynamics. By providing high-resolution imagery with little disturbance to the 

449 animals, drones and other remote sensing technologies have greatly increased our ability to 
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450 study wildlife in a variety of ecosystems. However, these technologies do have certain limits. 

451 For drones and specialised equipment, the costs can still be high and the required 

452 technological skills continue to be obstacles to their mainstream use. Furthermore, the taxa 

453 under study exhibit biases, favouring larger, charismatic creatures, and monitoring smaller or 

454 ectothermic species continues to be difficult due to sensor constraints. Additional factors to 

455 take into account include biases in AI-based data processing and possible stress or 

456 behavioural changes brought on by the presence of cameras. We expect that the diverse 

457 applications of cameras in wildlife research will increase, especially with advancements in 

458 the ease and speed of data processing and analysis that come with AI and ML approaches. 

459 Indeed, it is likely that we are entering the golden age of camera use in wildlife studies, and 

460 we hope that the approach remains anchored with traditional field practices that maintain 

461 researcher connections with the organisms they study.
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789 Table 1. Information selected to characterize publications using cameras on wildlife

790

Variable Description

Publication year Year when the article was published

Location Country or Ocean/Sea where the study took place

Habitat Aquatic

Marine

Terrestrial

Taxa group Amphibians

Birds

Fish

Invertebrates

Mammals

Reptiles

Wildlife

Research topic Behavioural interactions

Behavioural occurrence

Education

Human opinion

Population dynamics

Presence/absence

Technology

Unknown

Application Conservation

Fundamental research

Management

Monitoring

Population dynamics

Image Photo

Video

Camera unit Number of cameras used

Community science Yes/No
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792 Table 2. Pros and cons of each camera type. 

793

Camera Type Pros Cons

Video camera Continuous

Better record of behaviour than 

photographs

Increased probability of 

identifying species in area of 

high forest/grass coverage than 

photographs

Records sound

Analysis is time-consuming

Battery life constraints

Requires increased storage capacity 

compared to photographs

Vehicle mounted Cover large distances in short 

amount of time with capability 

to obtain detailed, close up 

images

Constrained by vehicular access

Smartphone Often no additional cost 

Option for both video and 

photograph

Typically opportunistic use must be 

accounted for in analysis

Image quality may be lower

Security camera Continuous and consistent 

coverage of a single area 

No concerns about battery life

Analysis is time-consuming 

Typically low resolution

Only one field of view means 

presence/absence or records of 

behaviours can be easily missed

Remote aerial 

camera

Large area covered

Reduced cost compared to 

manned aerial camera

Noise disturbance

Often low image resolution when 

zooming in

Nest camera Continuous monitoring of 

nesting behaviour

Camera installation or maintenance 

may disturb nesting

Battery life constraints
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Requires high storage capacity

Analysis is time-consuming 

Identification 

catalogues

Allows for long-term tracking 

of individuals

Can be used for population 

modeling (?)

Frequently involves citizen 

science (low cost of data 

collection for vast data sets)

Analysis is time-consuming

Large data sets require high 

computing power

Must be cognisant of biases 

introduced by use of citizen science 

data (eg/ lots of data collected on 

eco-tours introduces geographic and 

temporal bias based on times and 

locations of tours)

Handheld camera Portable

Records what is seen by “boots 

and eyes on the ground”

Can be time intensive

Equipment can be sensitive or 

fragile

Gopro Durable

Portable

Good battery life

Resolution is low when zooming in 

on an image

Drone Can be autonomous

Large area covered in less time 

compared to handheld cameras

Repeatable

Noise disturbance

Limited battery life

Need to be cautious of drone no-fly 

zones and other drone-related laws

Dashboard 

camera

Less costly

Can cover larger distances

Constrained by vehicular access

Typically poor image quality

Time consuming to analyze video

Camera trap Autonomous

Repeatable

Motion trigger increases battery 

life

Analysis is time-consuming

Requires large storage capacity

Animals may steal cameras

Blimp-mounted Large area covered Weather restrictions for flight more 
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camera Reduced noise disturbance 

Hovering capability to focus on 

specific locations

Reduced vibrations make for 

better quality images

prohibitive than drones or fixed-

wing aircraft

Animal-borne 

camera

Unique “animal’s eye view” 

Record of behaviours, 

movements, and encounters 

with environment and other 

animals

Impacts on individual wearing 

device (can impact survival, 

reproduction, etc)

Installation is stressful and invasive 

for individual

Recapture required for most devices

Limited battery life on some 

devices

Can be costly

Can be time-intensive to capture 

and tag individuals

Aerial camera Large area covered Noise disturbance

Animals may learn to avoid aircraft 

(skews data) 

Costly

794

795

796

797
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798 Figure captions.

799

800 Figure 1. Different applications of cameras in modern wildlife research, including: a) drone 

801 survey image captures wetland habitat characteristics (note also eight countable Canada geese 

802 Branta canadensis); b) thermal camera image locates the cryptic nest of a Nelson’s sparrow 

803 (Ammospiza nelsoni); c) handheld digital single lens reflex camera image records a common 

804 tern (Sterna hirundo) with a prey item for dietary study; and d) remote camera trap image 

805 captures a satellite-collared American black bear (Ursus americanus) moving at night, a 

806 ground-truthing of satellite data. Photographs a, b and c taken by the authors; photograph d 

807 provided by Jason Power of Nova Scotia Department of Natural Resources.

808

809 Figure 2. Temporal distribution of the screened published papers on camera use in wildlife 

810 studies, summarized by: A: Animal group; B: Camera type and average number of unit per 

811 study excepting social media studies (black line); C: Image type; D: Habitat type; E: 

812 Research topic; F: Application. 

813

814 Figure 3. Geographical distribution of the screened published articles using cameras in the 

815 wild to address animal ecology questions. Land-based studies were assigned to the country in 

816 which they took place (or multiple countries where appropriate), while marine-based studies 

817 were assigned to an ocean or sea, with the number of studies indicated by the label colour. 

818 Map was created using the Natural Earth countries polygons from the rnaturalearth package 

819 (Massicotte 2023) as a base layer, with the WGS84 geographic coordinates system.

820

821 Figure 4. Heat map of camera types used for the different animal groups. The greatest 

822 number of studies were undertaken using camera traps on mammals followed by camera traps 

823 on birds.
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824

825 Figure 5. Percentage of screened published articles mentioning “artificial intelligence” or 

826 “machine learning” (top panel) and “citizen science", community science", or “social media” 

827 (bottom panel) in either their title, abstract, or keywords .

828
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829

830
831

832 Figure 1. Different applications of cameras in modern wildlife research, including: a) drone 

833 survey image captures wetland habitat characteristics (note also eight countable Canada geese 

834 Branta canadensis); b) thermal camera image locates the cryptic nest of a Nelson’s sparrow 

835 (Ammospiza nelsoni); c) handheld digital single lens reflex camera image records a common 

836 tern (Sterna hirundo) with a prey item for dietary study; and d) remote camera trap image 

837 captures a satellite-collared American black bear (Ursus americanus) moving at night, a 

838 ground-truthing of satellite data. Photographs a, b and c taken by the authors; photograph d 

839 provided by Jason Power of Nova Scotia Department of Natural Resources.

840

841
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842

843
844

845 Figure 2. Temporal distribution of the screened published papers on camera use in wildlife 

846 studies, summarized by: A: Animal group; B: Camera type and average number of units per 

847 study excepting social media studies (black line); C: Image type; D: Habitat type; E: 

848 Research topic; F: Application. 
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849
850

851
852 Figure 3. Geographical distribution of the screened published articles using cameras in the 

853 wild to address animal ecology questions. Land-based studies were assigned to the country in 

854 which they took place (or multiple countries where appropriate), while marine-based studies 

855 were assigned to an ocean or sea, with the number of studies indicated by the label colour. 

856 Map was created using the Natural Earth countries polygons from the rnaturalearth package 

857 (Massicotte 2023) as a base layer, with the WGS84 geographic coordinates system.   

858

859
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860

861

862

863 Figure 4. Heat map of camera types used for the different animal groups.  The greatest 

864 number of studies were undertaken using camera traps on mammals followed by camera traps 

865 on birds.

866

867
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868

869

870 Figure 5. Percentage of screened published articles (post-validation) mentioning “artificial 

871 intelligence” or “machine learning” (top panel) and “citizen science", community science", or 

872 “social media” (bottom panel) in either their title, abstract, or keywords.

873

874

875

876
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