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Hello everyone, today I am going to present my research topic: Tracking the seasonal rhythm of tropical forests with phenocams in Lopé NP Gabon. This research is part of my phd in the CANOPi project. 
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As you are likely aware ,Africa is now suffering a discernible drying trend of it climate.

X

�FOne possible way to explore this phenomenon is by investigating the field of phenology as it’s known as the first indicator of climate warning of the forest. . It’s the study of the timing of recurring biological events. For plants it's the reproduction and the leafing cycle. For example, Ademascu define the most common reproductive pattern as annuel . Phenology
 It’s the study of the timing of recurring biological events. For plants it's the reproduction and the leafing cycle. Ademascu define the most common reproductive pattern as annuel for the reproductive cycle. 
-

But changes are already happening, such as shifts in flowering seasonality and reduced fruits availabilty, has already been demonstrated in Central Africa. But how leaf cycle are impacted by this drying trend ? 

Comme vous le savez, l’Afrique est entrain de vivre un réchauffement et une aridification de son climat. Une piste pour l’étude de ce phénomène est la phénologie. La phénologie est l’étude de la temporalité des évenements biologiques récurrents. Pour les plantes, c’est le cycle de reproduction et de feuillison. En Afrique centrale, l’étude de la phénologie de reproduction a permis de définir des patterns de fructification et floraison de certaines espèces. De plus, des changements sont visibles tel qu’un shift dans la période de fleuraison ou une diminution de la production de fruits. Mais quand-est il des feuilles ? 
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What do we know about leafing phenology in 
central africa?

What are the patterns and drivers of  leaf  loss ? 
Réjou-Méchain et al., 2021Fauset et al., 2012

Lopé
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Leaf shedding, as know as deciduous leaf habit could be an important drought-avoidance strategy, conferring advantages in seasonally dry environments. As Fauset and al. shows it as climates become drier , the percentage of deciduous trees increases. A second fact here is that, Le pourcentage d’arbres décidus suis un gradient climatique.
In this study, we focused on the lope site, which is located in mainly evergreen forest. But of course that canopy deciduous trees are present, and pattern of deciduousness have not been demonstrated and analyzed yet. Then we can ask ourselves what are the patterns and drivers of tree lead loss 

La perte de feuille, connue comme la déciduité est une stratégie d’évitement de la secheresse, ce qui confere des avantages dans des environnements secs. Comme =fauset nous le montre plus le climat deviant sec, plus le pourcentage d’arbres décidu augmente. Un second fait sur le phénomene de déciduité est que le pourcentage d’arbres décidus suit un gradient climatique. Dans cette étude, on s’est concentré sur le site de lope qui est localisé dans une foret principalement simpervirente. Mais des arbres decidus sont present et les patters de déciduité n’ont pas été démontré et analysé. On peut donc se demander quells sont les patterns et les drivers de la perte de feuille ? 
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The accompanying map illustrates the phenocam network established by the Richardson team, which is well developed in temperate forests like in USA and Europe. However, in Central Africa, only one phenocam is currently operational, highlighting a substantial lack of data in the region.
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In terms of future prospects, this study is being carried out as part of my thesis, the aim of which is to study the deciduousness of canopy trees. In this context, new research devices linking phenocams with a higher temporality and electronic dendrometers will be used to analyse tree growth. These systems have been installed at 3 sites, in Okala and Lopé in Gabon and Luki in the Democratic Republic of Congo. these devices will enable me to link climate, deciduousness and growth in order to understand the seasonality of canopy trees : mettre une phrase pour répondre à la question



Translate images to phenological events

Analyze the timing, duration and seasonality of  phenological events

Objectives
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Monitor the deciduousness patterns in canopy trees with Phenocams
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My aim is therefore to monitor the deciduousness patterns in canopy trees with phenocams. 

To do this,  I need to achieve a methodological goal to transform images into phenological events. Then my second objective is to analyse the timing, duration and seasonality  of each phenological event.
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Lopé national parc
Forest-savanna mosaic
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The research site for this study is the Lopé National Park located in the center of Gabon. The forest system is a mosaic of savannah and forest. As you see in this picture. The forest is a recolonization forest on savannah . It climat has 2 dry seasons, a long one between June and September and a short one in January and February. the dry season shows a slight drop in temperature due to the presence of a permanent cloud layer 
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11 Phenocams Windscapes
2 images each day (11 and 12 AM)

+-19000 images
1053 days of  data (2019-2023)Materials
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The dataset studied is a dataset created by taking images from 11 windscape model phenocams taking 2 images per day at 11am and 12pm. when they were installed, the aim was to film as many trees in the canopy as possible from above the canopy. These cameras are still in place, so the dataset could be expanded in the future. We currently have more than 19,000 images, with a maximum of 1,053 days of images taken between 2019 and 2023.
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Now that I have a raw dataset, the aim is to have a “clean database?”. I therefore selected one reference image per camera but the field of view evolve over time. If you look at the large tree in yellow, you can see that it is shifting to the right and that it is located higher and higher up in the field of view. I have thus selected 3 references images for this camera.Then I manually segmented all the trees in the images, keeping the same number for the same tree across all references. If new trees became visible, I added them to the database.
With theses references, I calibrated all images using the point-of-interest recognition method as the same tree will be at the exact same place as the reference image. Finally, I removed the unusable images from this database.
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Let’s turn to the extraction of phenological information.
Initially, I chose a tree to analyze its phenology. I began by extracting RGB data, where each pixel contains values for the Red, Green, and Blue parameters. Subsequently, I calculated the average of these parameters. Using this data, I computed two indices: GCC and RCC. Mathematicaly, percentage of green or red divide by their sum. Scientists commonly use these indices to study phenology through images. But, Why we choose this index out of all the possibilities? 
One one hand, GCC represents the changes in green, indicative of leaf presence or absence and red, indicating young or senescent leaves. One the other hands, they help mitigate the impact of brightness changes on the image. 
To further minimize noise and brightness impact, I applied a 90th percentile calculation over three days and I applied a moving average to smooth the curve. 
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Then, I analyzed the exact same images with a different method,  image annotation to mark the percentage of tree cover on each tree image. This approach provides initial and supervised data on trees and allows for the comparison of GCC and RCC spectral results. These annotations are performed using the Phenotag software, created for this project by the team of Rodolphe Weber at the Polytechnic University of Orléans. This software enables rapid tagging of a large number of images and directly recording the percentage of leaves, fruit, or flowers in a database that retains information by Phenocam and by tree.
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Pattern : One event of  leaf  loss and flush 
each year during X days in the rainy 

season  
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The final step is to transform this signal into a phenological pattern. This methodology is currently under development. Its objective will be to detect each phenological phase and to define the different leaf seasonality of the trees.For example : XXX
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Here you can see the evolution of a forest patch over the course of a year, and then I'll show you the preliminary results for these two trees. 



Results : overview of  time series 
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This graph shows the GCC curve, the green index, and the RCC curve, the red index, for a tree. On this signal we can see its initial leaf stage, then the period of leaf loss, until total defoliation and finally the rapid increase in leaves, called the flush.

Finally,, the seasonality of this leafing cycle is annual with a start of the deciduity event in may.
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Results : Lophira alata, overview

January 
2021

December 
2023
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Now I'm going to introduce you to a second phenological pattern, that of the azobe. The azobe is a species whose young leaves are red, which makes its leaf cycle easy to analyse using a camera. Here we can see that in the first stage, the azoe has its leaves, it then achieves partial deciduous growth, followed by a red flush and finally a greening of its crown. 

In terms of seasonality, we can see that this tree replaced its leaves 1 year and 11 months after the 2020 replacement. This is very surprising information, as this species is known to renew its leaves annually. However, when we analyse the images, we can see that this tree has what looks like fruit, which could have disrupted its leafing cycle. I hope to come back to you soon with new results. 
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In terms of future prospects, this study is being carried out as part of my thesis, the aim of which is to study the deciduousness of canopy trees. In this context, new research devices linking phenocams with a higher temporality and electronic dendrometers will be used to analyse tree growth. These systems have been installed at 3 sites, in Okala and Lopé in Gabon and Luki in the Democratic Republic of Congo. these devices will enable me to link climate, deciduousness and growth in order to understand the seasonality of canopy trees : mettre une phrase pour répondre à la question



Field work
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Installation des dendromètres 
électroniques

Installation des 
Phenocams

1. Phenocams installation
• Image each 15 minutes 

between 11 and 15 PM
• Manual White balance 
• 2-3 years of  monitoring 
• Sun shelter

2. Digitalisation of  crows on the 
view picture
3. Characterization of  trees & 
selection of  trees to install
dendrometers

• Tree numbering
• Identification of  the 

species
• Mesure of  the diameter
• Geolocalisation

4. Installation of  electronical
dendrometers
5. Height mesure 
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To respond to the objectif of studying deciduousness, the link of growth and the driver of it for canopy trees, we create a research disposal linking phenocams and electronical dendrometers 

After a review of the equipment available, The chosen phenocam is the Brinno TLC 2000 model with an objectif to allow us a X10 focus on trees as it have timelapse, the option of auto white balanced disabled, long battery life, resistance to complex environmental conditions and a good quality of images . Images are taken every 15 minutes between 11 and 15 hours during 2 to 3 years. In addition, during the beginning of the field work, we realized that  the cameras being exposed to the sun and rain, Shaders protecting the cameras from the rain and the sun were built. Finally, the battery life of the cameras has been estimated at 8 months but the batteries will be changed every 3 month after experience of the field. 
Let’s turn to electronic dendrometers. Camera reference images were digitized to identify the trees being tracked. Following this digitalization, the trees were identified to the species, their diameter was measured and geolocated. Among these trees, trees were chosen for the installation of electronic dendrometers. The choice of trees depending on 3 parameters, firstly the sanitary state of the tree, then the diameter because the average diameters were prioritized even if there were few trees with very large diameter and the repetition of species. 
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Field work resume

Luki
Phenocams 5

Dendrometers 59

Lopé
Phenocams 5

Dendrometers 56

Okala
Phenocams 1

Dendrometers 8

Total
Phenocams 11
Dendrometers 123
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The study disposal was install in 3 sites, Okala where we installed 1 phenocams with 8 dendrometers, Lopé with 5 phenocams with 56 dendrometers and luki with 5 phenocams and 59 dendroimeters . We had a total of 11 phenocams and 123 dendrometers
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The areas monitored were selected based on the presence of a sufficient number of trees in the image and the distance of the camera to the area in order to have sufficient image quality. For exemple the camera 2 is at a distance of more or less 300 meters.  In addition, the slope criterion was taken into account because, as you can see, the areas at the valley bottom such as phenocam 1 represent distances between the trees photographed much higher than the trees on the slope. Higher distances lead to more complex work for dendrometer installation. 



Lopé

Phenocam 3(SEGC)

Phenocam 1 (PDV lodge)

Phenocam 2 PDV

Phenocam 5 (Celtis 14)
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Phenocam 4 (Tortue)

Okala

Phenocam 1
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Thank you all for your attention. Here is an exclusive image of the new cameras installed in the Luki reserve. 
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