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Overview
What is lichen?

● Lichens are symbiotic organisms 
composed of fungi and algae. 

● Lichens usually grow on wood or rock 
and often live near moss.

● Some lichen live in the most difficult 
conditions on earth, like deserts and 
the arctic tundra.

● They produce different chemicals which 
produce their coloration and can even 
wear rocks (crustose lichen)



Purpose
● Lichens convert carbon dioxide 

into oxygen through 
photosynthesis like plants.

● They are bioindicators because 
some species are very sensitive 
to air pollution, especially with 
nitrogen and sulfur dioxide.

● Fruticose and foliose lichen 
appear more in areas with clean 
air. 

● Monitoring of lichen species 
provides a cost effective way to 
estimate pollution levels.



Classification Pitfalls
● Some species are notoriously difficult to 

identify. 

● Identification is often based on lobe 
shape, branching, and the presence of 
reproductive structures called soreida, 
isidia, and apothecia. 

● Color can be a useful indicator in some 
species, but rain/moisture causes a color 
change in most lichen.  

● Several species of lichen often coexist, 
and lichen often grows next to moss.

● iNaturalist images have varying quality. 
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Data Collection:

● Since lichens do not form a monophyletic group, observations were filtered on 
the genus level using Wikipedia’s list of lichen genera. 

● Data was scraped from the citizen science website iNaturalist.com. 

Filters:

○ Research grade (⅔ consensus) on species level ID

○ Most identifiers agreed

○ Open geoprivacy (location not obscured)

○ Located in the United States

https://en.wikipedia.org/wiki/Category:Lichen_genera
http://inaturalist.com
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● Removed duplicate rows based on UUID. 

● Created genus column from scientific name.

● Converted dates and times to pandas datetime types.

● Scraped high resolution images from iNaturalist. 

● Removed rows from dataframe for the images that failed to download.

● Split images into training (70%), validation (15%) and testing (15%) sets.

○ Stratified by species

○ Dropped species folder if it had 3 or less observations

Cleaning



Expectation

Teloschistes

Xanthomendoza

Physica



Reality
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Augmentation

All subsets:
● Keras preprocessing function for base model
● Resize (256x256)
● Random crop (224 x 224)

Only training set:
● Random flip (horizontal)
● Random rotation (0.2)

○ Factor = 0.2 [-72, 72]
● Random contrast (0.2)

○ Range: [0.8, 1.2]
● Random translation (0.2, 0.2)

○ Range: [-0.2, 0.2], [-0.2, 0.2]

Note:  I did NOT grayscale the images.
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Architecture

Base Models Tested:

ResNet

○ ResNet50
○ ResNet50V2
○ ResNet101
○ ResNet152

EfficientNet

○ EfficientNetB0
○ EfficientNetV2B0

Transfer Learning

● Base model:  imagenet weights

Custom layers:
● Dense:  1024 neurons, SELU activation, lecun_normal
● Batch Normalization
● Dropout : 30%
● Dense  512 neurons, SELU activation, lecun_normal
● Batch Normalization
● Dropout : 20%
● Dense: 128 neurons, SELU activation, lecun_normal
● Batch Normalization
● Dropout : 10%
● Output:  13 neurons, softmax activation
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Architecture

Total Parameters:  26,284,685
Trainable Parameters:  2,693,645

Base Model:  ResNet50
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Parameters

Batch Size  
● 32 samples before updating model

Optimizer
● Adam
● Tried SGD, tended to overfit

Learning Rate Scheduling
● Cosine decay with restarts
● 10,000 decay steps
● Converged better than exponential decay

Initial Learning Rates
● Coarse: 0.00001  (1e-5)
● Fine: 0.000005 (5e-6)

Label Smoothing
● Set to 0.05
● Reduced overfitting



Model selection

selected algorithms

Data cleaning

cleaned data

Model training

fitted models

Exploring Data

data insights

Model evaluation

model insights

Fine Tuning

Stage 1
● Trained the model with the base model frozen
● Only the weights of the custom layers were updated 
● Avoids destroying the imagenet weights

Stage 2
● Trained the model with a lower learning rate
● Unfroze the last 50 layers of the base model
● Fine tunes the model by making the weights trainable
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Class Imbalance
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Metrics

Early Stopping + Checkpoint:
- Ended training after 10 epochs of no improvement 

in validation loss. 
- Saved model with the best weights for both 

coarse and fine training.

Evaluated model performance with visual inspection of 
confusion matrix and classification report.
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Coarse
- Accuracy: 68.48%
- Top-k: 84.3%

Fine
- Accuracy: 82.66%
- Top-k: 93.52%
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Coarse Fine
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Next Steps

Potential Improvements:

● Further tune hyperparameters using grid search. 

● Add additional genus categories, especially those important for air 
quality.

● Use this model as a base model to train species identification.

● Create an ensemble model with location data to further refine predictions.
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