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Extended data

Figure S1: A: a flying fox (Roussettus leschenaultii) feeding on a Durian flower, with four
outer blob corners drawn as a polygon, and labeled blob ID. B: Durian fruits resulting from
pollinated flowers on the same tree. C: Accuracy of the blob detection algorithm for different
minimum and maximum blob pixel values on the five different deployment nights.
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Figure S2: A: Number of detections during each survey night (at maximum accuracy level),
drawn for bats and insects and separated by location. B: Precision-recall curves for each
detected class based on actual survey deployments.
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Figure S3: A: Detection frequencies with time per detected class on each deployment night.
B: Precision-recall curves for each detected class based on actual survey deployments.
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Figure S4: A: Probability density functions for bee detection occurrence with time of the day,
separated by deployments. Raw and corrected (standardised) probabilities are shown with
different line colors. B: Precision-recall curve for solitary bees (Osmia bicornis) based on
actual survey deployments, excluding one stationary detection in deployment A3 - camera 1.
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Figure S5: A: Screenshot of a cloud server graphical interface during the deployment,
showing transferred images with detected mandarin ducks and bar plots showing the
number of detections for each class per time step. B: Detections frequency with time,
separated by identified duck sex, and labeled total standardised detections count. C:
Precision-recall curve for each detected class based on actual survey deployments.
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Figure S6: A: Individual tracked flowers (flower IDs omitted from Y axis for clarity), separated
by camera (IDs 2 and 13). Red lines represent tracked flowers over single days, and blue
lines connect identical flowers through nights. B: Probability density of the flower lifespan;
mean shown with a blue dashed vertical line. C: Precision-recall curve for Carthusian pink
(Dianthus carthusianorum) flowers based on actual survey deployments.
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Data availability

All R scripts and CSV data needed to reproduce the results in the manuscript will be
provided on Dryad or a similar repository upon acceptance.

Acknowledgements

KD thanks his family for all the patience and help with assembling cameras and analysing
data. Sincere thanks to Ellena F Yusti, who supported the flying fox identification.

Author contributions (CRediT)

Kevin Darras: Conceptualization, Data Curation, Formal Analysis, Investigation,
Methodology, Project Administration, Software, Supervision, Validation, Visualization, Writing
— Original Draft Preparation, Writing — Review & Editing

Marcel Balle: Data Curation, Investigation, Methodology, Software, Validation, Visualization,
Writing — Review & Editing

Wenxiu Xu: Data Curation, Investigation, Validation, Writing — Review & Editing

Yang Yan: Formal Analysis, Investigation, Methodology, Software, Validation, Writing —
Review & Editing

Vincent Gbouna Zakka: Investigation, Methodology, Software, Writing — Review & Editing
Manuel Toledo-Hernandez: Conceptualization, Visualization, Writing — Review & Editing

Dong Sheng: Data Curation, Formal Analysis, Investigation, Validation, Writing — Review &
Editing

Wei Lin: Data curation, Investigation, Validation, Writing — Review & Editing
Boyu Zhang: Investigation, Resources

Zhenzhong Lan: Methodology, Supervision

Li Fupeng: Project Administration, Resources, Supervision

Thomas Cherico Wanger: Conceptualization, Funding Acquisition, Investigation, Project
Administration, Resources, Supervision, Writing — Original Draft Preparation, Writing —
Review & Editing

Competing interests

The authors declare to have no competing interests.


https://doi.org/10.1101/2023.07.26.550656
http://creativecommons.org/licenses/by-nc-nd/4.0/

bioRxiv preprint doi: https://doi.org/10.1101/2023.07.26.550656; this version posted July 29, 2023. The copyright holder for this preprint
(which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is

made available under aCC-BY-NC-ND 4.0 International license.

References

1.

10.

1.

12.

13.

14.

Rockstrom, J. et al. Planetary Boundaries: Exploring the Safe Operating Space for
Humanity. Ecol. Soc. 14, (2009).

Steffen, W. et al. Planetary boundaries: Guiding human development on a changing
planet. Science 347, (2015).

UNEP. First draft of the post-2020 global biodiversity framework. (2020).

Dove, S., Bohm, M., Freeman, R., McRae, L. & Murrell, D. J. How much data do we
need? Reliability and data deficiency in global vertebrate biodiversity trends.
2023.03.18.532273 Preprint at https://doi.org/10.1101/2023.03.18.532273 (2023).
UNECE. Guidelines for developing national biodiversity monitoring systems. (United
Nations, 2023).

Beery, S. Scaling Biodiversity Monitoring for the Data Age. XRDS Crossroads ACM Mag.
Stud. 27, 14-18 (2021).

Klein, D., Mckown, M. & Tershy, B. Deep Learning for Large Scale Biodiversity
Monitoring. in (2015). doi:10.13140/RG.2.1.1051.7201.

Vinuesa, R. et al. The role of artificial intelligence in achieving the Sustainable
Development Goals. Nat. Commun. 11, 233 (2020).

Danuser, G. Computer Vision in Cell Biology. Cell 147, 973-978 (2011).

Holzinger, A., Keiblinger, K., Holub, P., Zatloukal, K. & Mdller, H. Al for life: Trends in
artificial intelligence for biotechnology. New Biotechnol. 74, 16—24 (2023).

Ulman, V. et al. An objective comparison of cell-tracking algorithms. Nat. Methods 14,
1141-1152 (2017).

Yuan, Q. et al. Deep learning in environmental remote sensing: Achievements and
challenges. Remote Sens. Environ. 241, 111716 (2020).

Besson, M. et al. Towards the fully automated monitoring of ecological communities.
Ecol. Lett. 25, 2753-2775 (2022).

Feng, X. et al. A review of the heterogeneous landscape of biodiversity databases:


https://www.zotero.org/google-docs/?zF0PeL
https://www.zotero.org/google-docs/?zF0PeL
https://www.zotero.org/google-docs/?zF0PeL
https://www.zotero.org/google-docs/?zF0PeL
https://www.zotero.org/google-docs/?zF0PeL
https://www.zotero.org/google-docs/?zF0PeL
https://www.zotero.org/google-docs/?zF0PeL
https://www.zotero.org/google-docs/?zF0PeL
https://www.zotero.org/google-docs/?zF0PeL
https://www.zotero.org/google-docs/?zF0PeL
https://www.zotero.org/google-docs/?zF0PeL
https://www.zotero.org/google-docs/?zF0PeL
https://www.zotero.org/google-docs/?zF0PeL
https://www.zotero.org/google-docs/?zF0PeL
https://www.zotero.org/google-docs/?zF0PeL
https://www.zotero.org/google-docs/?zF0PeL
https://www.zotero.org/google-docs/?zF0PeL
https://www.zotero.org/google-docs/?zF0PeL
https://www.zotero.org/google-docs/?zF0PeL
https://www.zotero.org/google-docs/?zF0PeL
https://www.zotero.org/google-docs/?zF0PeL
https://www.zotero.org/google-docs/?zF0PeL
https://www.zotero.org/google-docs/?zF0PeL
https://www.zotero.org/google-docs/?zF0PeL
https://www.zotero.org/google-docs/?zF0PeL
https://www.zotero.org/google-docs/?zF0PeL
https://doi.org/10.1101/2023.07.26.550656
http://creativecommons.org/licenses/by-nc-nd/4.0/

bioRxiv preprint doi: https://doi.org/10.1101/2023.07.26.550656; this version posted July 29, 2023. The copyright holder for this preprint
(which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

made available under aCC-BY-NC-ND 4.0 International license.

Opportunities and challenges for a synthesized biodiversity knowledge base. Glob. Ecol.
Biogeogr. 31, 1242-1260 (2022).

Proenca, V. et al. Global biodiversity monitoring: From data sources to Essential
Biodiversity Variables. Biol. Conserv. 213, 256-263 (2017).

Scholes, R. J. et al. Building a global observing system for biodiversity. Curr. Opin.
Environ. Sustain. 4, 139-146 (2012).

Schmeller, D. S. et al. Building capacity in biodiversity monitoring at the global scale.
Biodivers. Conserv. 26, 2765-2790 (2017).

Jetz, W., McPherson, J. M. & Guralnick, R. P. Integrating biodiversity distribution
knowledge: toward a global map of life. Trends Ecol. Evol. 27, 151-159 (2012).

Kahl, H. S. et al. Effective Biodiversity Monitoring Needs a Culture of Integration. One
Earth 3, 462-474 (2020).

Boakes, E. H. et al. Distorted Views of Biodiversity: Spatial and Temporal Bias in
Species Occurrence Data. PLOS Biol. 8, e1000385 (2010).

Costello, M. J. et al. A Census of Marine Biodiversity Knowledge, Resources, and Future
Challenges. PLOS ONE 5, e12110 (2010).

Martin, L. J., Blossey, B. & Ellis, E. Mapping where ecologists work: biases in the global
distribution of terrestrial ecological observations. Front. Ecol. Environ. 10, 195-201
(2012).

Borgelt, J., Dorber, M., Hgiberg, M. A. & Verones, F. More than half of data deficient
species predicted to be threatened by extinction. Commun. Biol. 5, 1-9 (2022).
Fitzpatrick, M. C., Preisser, E. L., Ellison, A. M. & Elkinton, J. S. Observer bias and the
detection of low-density populations. Ecol. Appl. 19, 1673—1679 (2009).

Gorrod, E. J. & Keith, D. A. Observer variation in field assessments of vegetation
condition: Implications for biodiversity conservation. Ecol. Manag. Restor. 10, 31-40
(2009).

Johnston, A., Matechou, E. & Dennis, E. B. Outstanding challenges and future directions

for biodiversity monitoring using citizen science data. Methods Ecol. Evol. 14, 103-116


https://www.zotero.org/google-docs/?zF0PeL
https://www.zotero.org/google-docs/?zF0PeL
https://www.zotero.org/google-docs/?zF0PeL
https://www.zotero.org/google-docs/?zF0PeL
https://www.zotero.org/google-docs/?zF0PeL
https://www.zotero.org/google-docs/?zF0PeL
https://www.zotero.org/google-docs/?zF0PeL
https://www.zotero.org/google-docs/?zF0PeL
https://www.zotero.org/google-docs/?zF0PeL
https://www.zotero.org/google-docs/?zF0PeL
https://www.zotero.org/google-docs/?zF0PeL
https://www.zotero.org/google-docs/?zF0PeL
https://www.zotero.org/google-docs/?zF0PeL
https://www.zotero.org/google-docs/?zF0PeL
https://www.zotero.org/google-docs/?zF0PeL
https://www.zotero.org/google-docs/?zF0PeL
https://www.zotero.org/google-docs/?zF0PeL
https://www.zotero.org/google-docs/?zF0PeL
https://www.zotero.org/google-docs/?zF0PeL
https://www.zotero.org/google-docs/?zF0PeL
https://www.zotero.org/google-docs/?zF0PeL
https://www.zotero.org/google-docs/?zF0PeL
https://www.zotero.org/google-docs/?zF0PeL
https://www.zotero.org/google-docs/?zF0PeL
https://www.zotero.org/google-docs/?zF0PeL
https://www.zotero.org/google-docs/?zF0PeL
https://www.zotero.org/google-docs/?zF0PeL
https://www.zotero.org/google-docs/?zF0PeL
https://doi.org/10.1101/2023.07.26.550656
http://creativecommons.org/licenses/by-nc-nd/4.0/

bioRxiv preprint doi: https://doi.org/10.1101/2023.07.26.550656; this version posted July 29, 2023. The copyright holder for this preprint
(which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is
made available under aCC-BY-NC-ND 4.0 International license.

(2023).

27. Engel, M. S. et al. The taxonomic impediment: a shortage of taxonomists, not the lack of
technical approaches. Zool. J. Linn. Soc. 193, 381-387 (2021).

28. Whytock, R. C. et al. Real-time alerts from Al-enabled camera traps using the Iridium
satellite network: A case-study in Gabon, Central Africa. Methods Ecol. Evol. 14,
867-874 (2023).

29. Jackson, L. et al. Biodiversity and agricultural sustainagility: from assessment to
adaptive management. Curr. Opin. Environ. Sustain. 2, 80-87 (2010).

30. Keith, D. A., Martin, T. G., McDonald-Madden, E. & Walters, C. Uncertainty and adaptive
management for biodiversity conservation. Biol. Conserv. 144, 1175-1178 (2011).

31. Oellermann, M. et al. Open Hardware in Science: The Benefits of Open Electronics.
Integr. Comp. Biol. 62, 1061-1075 (2022).

32. Haye, T. T. et al. Deep learning and computer vision will transform entomology. Proc.
Natl. Acad. Sci. 118, €2002545117 (2021).

33. van Klink, R. et al. Emerging technologies revolutionise insect ecology and monitoring.
Trends Ecol. Evol. 37, 872—-885 (2022).

34. Dutta, Dr. L. & Bharali, S. TinyML Meets loT: A Comprehensive Survey. Internet Things
16, 100461 (2021).

35. Sandler, M., Howard, A., Zhu, M., Zhmoginov, A. & Chen, L.-C. MobileNetV2: Inverted
Residuals and Linear Bottlenecks. Preprint at https://doi.org/10.48550/arXiv.1801.04381
(2019).

36. Ramirez-Francel, L. A. et al. Bats and their vital ecosystem services: a global review.
Integr. Zool. 17, 2-23 (2022).

37. Darras, K. F. A. et al. Sampling flying bats with thermal and near-infrared imaging and
ultrasound recording: hardware and workflow for bat point counts. F1000Research 10,
189 (2021).

38. Gottwald, J. et al. BatRack: An open-source multi-sensor device for wildlife research.

Methods Ecol. Evol. 12, 1867-1874 (2021).


https://www.zotero.org/google-docs/?zF0PeL
https://www.zotero.org/google-docs/?zF0PeL
https://www.zotero.org/google-docs/?zF0PeL
https://www.zotero.org/google-docs/?zF0PeL
https://www.zotero.org/google-docs/?zF0PeL
https://www.zotero.org/google-docs/?zF0PeL
https://www.zotero.org/google-docs/?zF0PeL
https://www.zotero.org/google-docs/?zF0PeL
https://www.zotero.org/google-docs/?zF0PeL
https://www.zotero.org/google-docs/?zF0PeL
https://www.zotero.org/google-docs/?zF0PeL
https://www.zotero.org/google-docs/?zF0PeL
https://www.zotero.org/google-docs/?zF0PeL
https://www.zotero.org/google-docs/?zF0PeL
https://www.zotero.org/google-docs/?zF0PeL
https://www.zotero.org/google-docs/?zF0PeL
https://www.zotero.org/google-docs/?zF0PeL
https://www.zotero.org/google-docs/?zF0PeL
https://www.zotero.org/google-docs/?zF0PeL
https://www.zotero.org/google-docs/?zF0PeL
https://www.zotero.org/google-docs/?zF0PeL
https://www.zotero.org/google-docs/?zF0PeL
https://www.zotero.org/google-docs/?zF0PeL
https://www.zotero.org/google-docs/?zF0PeL
https://www.zotero.org/google-docs/?zF0PeL
https://www.zotero.org/google-docs/?zF0PeL
https://www.zotero.org/google-docs/?zF0PeL
https://www.zotero.org/google-docs/?zF0PeL
https://doi.org/10.1101/2023.07.26.550656
http://creativecommons.org/licenses/by-nc-nd/4.0/

bioRxiv preprint doi: https://doi.org/10.1101/2023.07.26.550656; this version posted July 29, 2023. The copyright holder for this preprint
(which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

made available under aCC-BY-NC-ND 4.0 International license.

Baqi, A. et al. A review of durian plant-bat pollinator interactions. J. Plant Interact. 17,
105-126 (2022).

Produce Report. Chinese Durians Are Almost Here: Hainan Durians To Hit Market in
2024. Produce Report
https://www.producereport.com/article/chinese-durians-are-almost-here-hainan-durians-
hit-market-2024 (2022).

Morris, A. D., Miller, D. A. & Kalcounis-Rueppell, M. C. Use of Forest Edges by Bats in a
Managed Pine Forest Landscape. J. Wildl. Manag. 74, 26-34 (2010).

Lintott, P. R., Bunnefeld, N. & Park, K. J. Opportunities for improving the foraging
potential of urban waterways for bats. Biol. Conserv. 191, 224-233 (2015).
Puig-Montserrat, X. et al. Pest control service provided by bats in Mediterranean rice
paddies: linking agroecosystems structure to ecological functions. Mamm. Biol. - Z. Fiir
Séugetierkd. 80, 237-245 (2015).

Wanger, T. C., Darras, K., Bumrungsri, S., Tscharntke, T. & Klein, A.-M. Bat pest control
contributes to food security in Thailand. Biol. Conserv. 171, 220-223 (2014).
Ruczynski, I., Hatat, Z., Zegarek, M., Borowik, T. & Dechmann, D. K. N. Camera
transects as a method to monitor high temporal and spatial ephemerality of flying
nocturnal insects. Methods Ecol. Evol. 11, 294-302 (2020).

Shimoda, M. & Honda, K. Insect reactions to light and its applications to pest
management. Appl. Entomol. Zool. 48, 413-421 (2013).

Bjerge, K., Nielsen, J. B., Sepstrup, M. V., Helsing-Nielsen, F. & Hgye, T. T. An
Automated Light Trap to Monitor Moths (Lepidoptera) Using Computer Vision-Based
Tracking and Deep Learning. Sensors 21, 343 (2021).

Yao, Q. et al. Development of an automatic monitoring system for rice light-trap pests
based on machine vision. J. Integr. Agric. 19, 2500-2513 (2020).

Klein, A.-M. et al. Importance of pollinators in changing landscapes for world crops.
Proc. R. Soc. B Biol. Sci. 274, 303-313 (2006).

Potts, S. G. et al. Safeguarding pollinators and their values to human well-being. Nature


https://www.zotero.org/google-docs/?zF0PeL
https://www.zotero.org/google-docs/?zF0PeL
https://www.zotero.org/google-docs/?zF0PeL
https://www.zotero.org/google-docs/?zF0PeL
https://www.zotero.org/google-docs/?zF0PeL
https://www.zotero.org/google-docs/?zF0PeL
https://www.zotero.org/google-docs/?zF0PeL
https://www.zotero.org/google-docs/?zF0PeL
https://www.zotero.org/google-docs/?zF0PeL
https://www.zotero.org/google-docs/?zF0PeL
https://www.zotero.org/google-docs/?zF0PeL
https://www.zotero.org/google-docs/?zF0PeL
https://www.zotero.org/google-docs/?zF0PeL
https://www.zotero.org/google-docs/?zF0PeL
https://www.zotero.org/google-docs/?zF0PeL
https://www.zotero.org/google-docs/?zF0PeL
https://www.zotero.org/google-docs/?zF0PeL
https://www.zotero.org/google-docs/?zF0PeL
https://www.zotero.org/google-docs/?zF0PeL
https://www.zotero.org/google-docs/?zF0PeL
https://www.zotero.org/google-docs/?zF0PeL
https://www.zotero.org/google-docs/?zF0PeL
https://www.zotero.org/google-docs/?zF0PeL
https://www.zotero.org/google-docs/?zF0PeL
https://www.zotero.org/google-docs/?zF0PeL
https://www.zotero.org/google-docs/?zF0PeL
https://www.zotero.org/google-docs/?zF0PeL
https://www.zotero.org/google-docs/?zF0PeL
https://doi.org/10.1101/2023.07.26.550656
http://creativecommons.org/licenses/by-nc-nd/4.0/

bioRxiv preprint doi: https://doi.org/10.1101/2023.07.26.550656; this version posted July 29, 2023. The copyright holder for this preprint
(which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

made available under aCC-BY-NC-ND 4.0 International license.

540, 220-229 (2016).

Steen, R. Diel activity, frequency and visit duration of pollinators in focal plants: in situ
automatic camera monitoring and data processing. Methods Ecol. Evol. 8, 203-213
(2017).

Gallacher, S. et al. Shazam for bats: Internet of Things for continuous real-time
biodiversity monitoring. IET Smart Cities 3, 171-183 (2021).

Weinstein, B. G. et al. A general deep learning model for bird detection in high-resolution
airborne imagery. Ecol. Appl. 32, €2694 (2022).

Latta, S. C. et al. Multiple lines of evidence suggest the persistence of the lvory-billed
Woodpecker (Campephilus principalis) in Louisiana. Ecol. Evol. 13, €10017 (2023).
Mann, H. M. R. et al. Automatic flower detection and phenology monitoring using
time-lapse cameras and deep learning. Remote Sens. Ecol. Conserv. 8, 765777
(2022).

Piao, S. et al. Plant phenology and global climate change: Current progresses and
challenges. Glob. Change Biol. 25, 1922—-1940 (2019).

R Core Team. R: A Language and Environment for Statistical Computing. (R Foundation
for Statistical Computing, 2019).

Droissart, V. et al. PICT: A low-cost, modular, open-source camera trap system to study
plant—insect interactions. Methods Ecol. Evol. 12, 1389-1396 (2021).

Hogeweg, L., Zeegers, T., Katramados, |. & Jongejans, E. Smart Insect Cameras.
Biodivers. Inf. Sci. Stand. 3, €39241 (2019).

Pegoraro, L., Hidalgo, O., Leitch, I. J., Pellicer, J. & Barlow, S. E. Automated video
monitoring of insect pollinators in the field. Emerg. Top. Life Sci. 4, 87-97 (2020).
Bjerge, K., Mann, H. M. R. & Hgye, T. T. Real-time insect tracking and monitoring with
computer vision and deep learning. Remote Sens. Ecol. Conserv. 8, 315-327 (2021).
Blackwell, B. F., Seamans, T. W., Washburn, B. E. & Cepek, J. D. Use of Infrared
Technology in Wildlife Surveys. Proc. Vertebr. Pest Conf. 22, (2006).

Havens, K. J. & Sharp, E. Thermal Imaging Techniques to Survey and Monitor Animals


https://www.zotero.org/google-docs/?zF0PeL
https://www.zotero.org/google-docs/?zF0PeL
https://www.zotero.org/google-docs/?zF0PeL
https://www.zotero.org/google-docs/?zF0PeL
https://www.zotero.org/google-docs/?zF0PeL
https://www.zotero.org/google-docs/?zF0PeL
https://www.zotero.org/google-docs/?zF0PeL
https://www.zotero.org/google-docs/?zF0PeL
https://www.zotero.org/google-docs/?zF0PeL
https://www.zotero.org/google-docs/?zF0PeL
https://www.zotero.org/google-docs/?zF0PeL
https://www.zotero.org/google-docs/?zF0PeL
https://www.zotero.org/google-docs/?zF0PeL
https://www.zotero.org/google-docs/?zF0PeL
https://www.zotero.org/google-docs/?zF0PeL
https://www.zotero.org/google-docs/?zF0PeL
https://www.zotero.org/google-docs/?zF0PeL
https://www.zotero.org/google-docs/?zF0PeL
https://www.zotero.org/google-docs/?zF0PeL
https://www.zotero.org/google-docs/?zF0PeL
https://www.zotero.org/google-docs/?zF0PeL
https://www.zotero.org/google-docs/?zF0PeL
https://www.zotero.org/google-docs/?zF0PeL
https://www.zotero.org/google-docs/?zF0PeL
https://www.zotero.org/google-docs/?zF0PeL
https://www.zotero.org/google-docs/?zF0PeL
https://www.zotero.org/google-docs/?zF0PeL
https://www.zotero.org/google-docs/?zF0PeL
https://doi.org/10.1101/2023.07.26.550656
http://creativecommons.org/licenses/by-nc-nd/4.0/

bioRxiv preprint doi: https://doi.org/10.1101/2023.07.26.550656; this version posted July 29, 2023. The copyright holder for this preprint
(which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

made available under aCC-BY-NC-ND 4.0 International license.

in the Wild: A Methodology. (Academic Press, 2015).

Hobbs, M. T. & Brehme, C. S. An improved camera trap for amphibians, reptiles, small
mammals, and large invertebrates. PLOS ONE 12, e0185026 (2017).

Latta, S. C. et al. Multiple lines of evidence indicate survival of the Ivory-billed
Woodpecker in Louisiana. http://biorxiv.org/lookup/doi/10.1101/2022.04.06.487399
(2022) doi:10.1101/2022.04.06.487399.

Moore, J. F. et al. The potential and practice of arboreal camera trapping. Methods Ecol.
Evol. 12, 1768-1779 (2021).

Wallace, J. R. A., Reber, T., Beaton, B., Dreyer, D. & Warrant, E. J. Inexpensive
monitoring of flying insect activity and abundance using wildlife cameras.
2021.08.24.457487 Preprint at https://doi.org/10.1101/2021.08.24.457487 (2022).

Zhu, C. et al. Arboreal camera trapping: a reliable tool to monitor plant-frugivore
interactions in the trees on large scales. Remote Sens. Ecol. Conserv. 8, 92—104 (2022).
Lertvilai, P. The In situ Plankton Assemblage eXplorer (IPAX): An inexpensive
underwater imaging system for zooplankton study. Methods Ecol. Evol. 11, 1042-1048
(2020).

Apps, P. J. & McNutt, J. W. How camera traps work and how to work them. Afr. J. Ecol.
56, 702—-709 (2018).

Bondi, N. D. et al. A comparison of the effectiveness of camera trapping and live
trapping for sampling terrestrial small-mammal communities. Wildl. Res. 37, 456—-465
(2010).

Burton, A. C. et al. REVIEW: Wildlife camera trapping: a review and recommendations
for linking surveys to ecological processes. J. Appl. Ecol. 52, 675-685 (2015).

Chen, C. et al. Global camera trap synthesis highlights the importance of protected
areas in maintaining mammal diversity. Conserv. Lett. 15, €12865 (2022).

Gilbert, N. A., Clare, J. D. J., Stenglein, J. L. & Zuckerberg, B. Abundance estimation of
unmarked animals based on camera-trap data. Conserv. Biol. 35, 88—100 (2021).

Boyd, R. J., Powney, G. D. & Pescott, O. L. We need to talk about nonprobability


https://www.zotero.org/google-docs/?zF0PeL
https://www.zotero.org/google-docs/?zF0PeL
https://www.zotero.org/google-docs/?zF0PeL
https://www.zotero.org/google-docs/?zF0PeL
https://www.zotero.org/google-docs/?zF0PeL
https://www.zotero.org/google-docs/?zF0PeL
https://www.zotero.org/google-docs/?zF0PeL
https://www.zotero.org/google-docs/?zF0PeL
https://www.zotero.org/google-docs/?zF0PeL
https://www.zotero.org/google-docs/?zF0PeL
https://www.zotero.org/google-docs/?zF0PeL
https://www.zotero.org/google-docs/?zF0PeL
https://www.zotero.org/google-docs/?zF0PeL
https://www.zotero.org/google-docs/?zF0PeL
https://www.zotero.org/google-docs/?zF0PeL
https://www.zotero.org/google-docs/?zF0PeL
https://www.zotero.org/google-docs/?zF0PeL
https://www.zotero.org/google-docs/?zF0PeL
https://www.zotero.org/google-docs/?zF0PeL
https://www.zotero.org/google-docs/?zF0PeL
https://www.zotero.org/google-docs/?zF0PeL
https://www.zotero.org/google-docs/?zF0PeL
https://www.zotero.org/google-docs/?zF0PeL
https://www.zotero.org/google-docs/?zF0PeL
https://www.zotero.org/google-docs/?zF0PeL
https://www.zotero.org/google-docs/?zF0PeL
https://www.zotero.org/google-docs/?zF0PeL
https://www.zotero.org/google-docs/?zF0PeL
https://doi.org/10.1101/2023.07.26.550656
http://creativecommons.org/licenses/by-nc-nd/4.0/

bioRxiv preprint doi: https://doi.org/10.1101/2023.07.26.550656; this version posted July 29, 2023. The copyright holder for this preprint
(which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is
made available under aCC-BY-NC-ND 4.0 International license.

samples. Trends Ecol. Evol. 38, 521-531 (2023).

76. Shepley, A., Falzon, G., Meek, P. & Kwan, P. Automated location invariant animal
detection in camera trap images using publicly available data sources. Ecol. Evol. 11,
4494-4506 (2021).

77. Shimron, E., Tamir, J. |., Wang, K. & Lustig, M. Implicit data crimes: Machine learning
bias arising from misuse of public data. Proc. Natl. Acad. Sci. 119, €2117203119 (2022).

78. Wang, X. et al. Convergence of Edge Computing and Deep Learning: A Comprehensive
Survey. IEEE Commun. Surv. Tutor. 22, 869-904 (2020).

79. Smart Camera Trap. Hack the poacher
https://www.hackthepoacher.com/smart-camera-trap.

80. Chen, C.-J. et al. Identification of Fruit Tree Pests With Deep Learning on Embedded
Drone to Achieve Accurate Pesticide Spraying. IEEE Access 9, 21986—-21997 (2021).

81. Koger, B. et al. Quantifying the movement, behaviour and environmental context of
group-living animals using drones and computer vision. J. Anim. Ecol. nla,.

82. Smith, K. L. et al. Abyssal Benthic Rover, an autonomous vehicle for long-term
monitoring of deep-ocean processes. Sci. Robot. 6, eabl4925 (2021).

83. Glover-Kapfer, P., Soto-Navarro, C. A. & Wearn, O. R. Camera-trapping version 3.0:
current constraints and future priorities for development. Remote Sens. Ecol. Conserv. 5,
209-223 (2019).

84. Allan, B. M. et al. Futurecasting ecological research: the rise of technoecology.
Ecosphere 9, e02163 (2018).

85. Geng, C., Huang, S.-J. & Chen, S. Recent Advances in Open Set Recognition: A Survey.
IEEE Trans. Pattern Anal. Mach. Intell. 43, 3614-3631 (2021).

86. Vidal, M., Wolf, N., Rosenberg, B., Harris, B. P. & Mathis, A. Perspectives on Individual
Animal Identification from Biology and Computer Vision. Integr. Comp. Biol. 61, 900-916
(2021).

87. Manchanda, S. & Sharma, S. Analysis of computer vision based techniques for motion

detection. in 2016 6th International Conference - Cloud System and Big Data


https://www.zotero.org/google-docs/?zF0PeL
https://www.zotero.org/google-docs/?zF0PeL
https://www.zotero.org/google-docs/?zF0PeL
https://www.zotero.org/google-docs/?zF0PeL
https://www.zotero.org/google-docs/?zF0PeL
https://www.zotero.org/google-docs/?zF0PeL
https://www.zotero.org/google-docs/?zF0PeL
https://www.zotero.org/google-docs/?zF0PeL
https://www.zotero.org/google-docs/?zF0PeL
https://www.zotero.org/google-docs/?zF0PeL
https://www.zotero.org/google-docs/?zF0PeL
https://www.zotero.org/google-docs/?zF0PeL
https://www.zotero.org/google-docs/?zF0PeL
https://www.zotero.org/google-docs/?zF0PeL
https://www.zotero.org/google-docs/?zF0PeL
https://www.zotero.org/google-docs/?zF0PeL
https://www.zotero.org/google-docs/?zF0PeL
https://www.zotero.org/google-docs/?zF0PeL
https://www.zotero.org/google-docs/?zF0PeL
https://www.zotero.org/google-docs/?zF0PeL
https://www.zotero.org/google-docs/?zF0PeL
https://www.zotero.org/google-docs/?zF0PeL
https://www.zotero.org/google-docs/?zF0PeL
https://www.zotero.org/google-docs/?zF0PeL
https://www.zotero.org/google-docs/?zF0PeL
https://www.zotero.org/google-docs/?zF0PeL
https://www.zotero.org/google-docs/?zF0PeL
https://www.zotero.org/google-docs/?zF0PeL
https://doi.org/10.1101/2023.07.26.550656
http://creativecommons.org/licenses/by-nc-nd/4.0/

bioRxiv preprint doi: https://doi.org/10.1101/2023.07.26.550656; this version posted July 29, 2023. The copyright holder for this preprint
(which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is

88.

89.

90.

91.

made available under aCC-BY-NC-ND 4.0 International license.

Engineering (Confluence) 445—-450 (2016). doi:10.1109/CONFLUENCE.2016.7508161.
Edgelmpulse. FOMO: Object detection for constrained devices.
https://docs.edgeimpulse.com/docs/tutorials/fomo-object-detection-for-constrained-devic
es.

Bates, D., Machler, M., Bolker, B. & Walker, S. Fitting Linear Mixed-Effects Models Using
Ime4. J. Stat. Softw. 67, 1-48 (2015).

timeanddate.com. https://www.timeanddate.com/.

Birkner, P.-C. brms: An R Package for Bayesian Multilevel Models Using Stan. J. Stat.

Softw. 80, 1-28 (2017).


https://www.zotero.org/google-docs/?zF0PeL
https://www.zotero.org/google-docs/?zF0PeL
https://www.zotero.org/google-docs/?zF0PeL
https://www.zotero.org/google-docs/?zF0PeL
https://www.zotero.org/google-docs/?zF0PeL
https://www.zotero.org/google-docs/?zF0PeL
https://www.zotero.org/google-docs/?zF0PeL
https://www.zotero.org/google-docs/?zF0PeL
https://www.zotero.org/google-docs/?zF0PeL
https://doi.org/10.1101/2023.07.26.550656
http://creativecommons.org/licenses/by-nc-nd/4.0/

