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Abstract

Background and Objective: Oak galls are abnormal growth structures resulting from
complex interactions between plants and gall-inducing agents such as insects, serving as
key ecological indicators for assessing forest ecosystem health and biodiversity. The
Zagros forests, as one of Iran’s most important ecosystems, host dominant oak species and
a wide diversity of galls, which, in addition to their ecological roles, have medicinal and
industrial applications. However, high morphological diversity, phenotypic similarity
among species, and complex environmental conditions pose challenges for manual
identification of galls. This study aims to evaluate the YOLOv8n algorithm and develop a
deep learning based intelligent system for the automatic identification of 47 oak gall species
in the Zagros forests, facilitating access to this knowledge for non-specialist users.
Methodology: A dataset comprising 8,452 images of 47 oak gall species was collected
from field sources and public platforms such as iNaturalist. Following preprocessing steps
including standard resizing, removal of low-quality images, and data augmentation
techniques such as rotation and brightness adjustment the data were converted to the
YOLOvV8 format and split into 70% training, 20% validation, and 10% testing sets. The
YOLOv8n model was trained using transfer learning with pre-trained weights in the Google
Colab environment on a Tesla T4 GPU. To prevent overfitting, a dropout rate of 0.3 and
early stopping were applied over 50 epochs. Post-training, a graphical user interface (GUI)
was developed using Gradio and publicly deployed via Hugging Face Spaces.

Results: The trained model achieved an average precision of 0.83, recall of 0.82, mMAP@50
of 0.86, and mAP@50:95 of 0.61. Species such as Cynips quercusfolii (precision: 0.944)
and Andricus tomentosus (precision: 0.940) showed the highest performance, whereas low-
sample species like Andricus malpighii (precision: 0.583) and Neuroterus numismalis
(mAP@50:95 = 0.39) performed poorly due to data imbalance. The confusion matrix
highlighted misclassifications among morphologically similar species. The developed
system is capable of detecting oak galls in field images with complex backgrounds in less
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than 6 milliseconds. The designed GUI enables easy use by foresters, rangers, and
enthusiasts, serving as an operational tool for biodiversity monitoring and sustainable forest
management. Additionally, the created local database can serve as a reference for future
research on gall ecology and climate change effects.

Conclusion: This study demonstrates that lightweight deep learning models such as
YOLOv8n can achieve reliable performance even under complex environmental conditions
and with imbalanced datasets. The proposed system is not only technically effective but
also represents a key step toward integrating artificial intelligence with natural resource
conservation in Iran. This approach enhances local capacity for ecosystem monitoring and
facilitates broader community participation in biodiversity protection. Furthermore, the
developed system can serve as a sustainable digital infrastructure for long-term, citizen-
generated data collection and support a distributed monitoring framework across the Zagros
forests. Future studies are recommended to employ active learning, high-quality synthetic
data generation (e.g., via Diffusion Models or GANSs) to target low-sample species, and to
evaluate and optimize system performance for real-world field conditions and deployment
on mobile or edge devices to increase its applicability in sustainable natural resource
management.
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Table 1- Computational environment and some hyperparameters

Section

Details

Versions and Execution
Environment

Hardware Configuration

Model Architecture

Number of Classes

Layer Structure / Network

Ultralytics 8.3.207, Python 3.12.11, PyTorch 2.8.0+cul126, CUDA 12.6

RAM: GB15.1, GPU: Tesla T4,

YOLOVS8n (Nano), 129 layers, approximately 3 million parameters, 8.2 GFLOPs

nc=47

Layers Conv, C2f, SPPF, Upsample, Concat, Detect

General Training Parameters

Optimizer Configuration

Dataset Split

Epochs=90, Batch=16, Image size=640, Auto augment=randaugment, Optimizer=auto

momentum=0.9 JIr=0.000196 AdamW
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Table 2. Ranking of oak gall classes based on YOLOv8n Evaluation Metrics

YAA

Class Precision

Recall

mAP@50

mAP@50-95

Rank

Highest rankings among evaluation factors in order (out of 47 oak gall types)
Cynips quercusfoli 0.944 0.851 0.971 0.817 Topl
Andricus tomentosus 0.94 0.923 0.985 0.808 Top 2
Cynips longiventris 0.907 0.947 0.989 0.784 Top 3
Andricus sternlichti 0.895 0.946 0.982 0.847 Top 4
Andricus grossulariae 0.893 0.972 0.967 0.735 Top 5
Andricus infectorius 0.892 1 0.975 0.659 Top 6

Lowest ranks among evaluation factors in order (out of 47 oak gall types)

Andricus superfetationis 0.746 0.561 0.617 0.444 Low7
Andricus moreae 0.691 0.7 0.606 0.418 Low6
Andricus multiplicatus 0.682 0.846 0.814 0.374 Low5
Aphelonyx persica 0.666 0.577 0.633 0.478 Low4
Andricus curtisii 0.661 0.688 0.746 0.462 Low3
Neuroterus numismalis 0.591 0.676 0.644 0.39 Low2
Andricus malpighii 0.583 0.44 0.584 0.309 Lowl
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s MAP@50) . 4>yl Ol (e
a9 gl 5 Jae & s oles (IMAP@50:95)
Sl anlse ol L (YLI0U L) bJE e s
slaols 035 031520 5 Y (5558550 755 4 il e

{0 JSa) 5 0als cord s S >

Gl dob s bl s cds Jolr s
Precision vs. ) (235l Jsb 5o sLob 5 cds b,
VU w4 o390l Jsb s bl a5 aas e ooLes (Recall
5 83 ol san 3 geg caima s 45 (iles S oS >l
J<5\4.L~5) S5 el S, L b e 5]
c5s 5 Yy Lol adee s Lses (YL MAP@50
elelis s Joe g s Shee by a5 il )3 b s
2 dae sl S T JTCHW RGO PP VL PUR .00
55 Lol sl (o S b K ls Ll 2
(7 JS2) a8 e b nosls 0050 05l 50ab 5 S35 555 0

03 Job 5o Jae s Ses b)) Glolae Ol
izl
0553) (2 3e) S e w55 Jae s Shee Julow
SLobae 5l 5 St 35 satmsplas (105 70
PRRVA L G- TV VIS OU B P PSPPI IR i g1
s (MAP@50=0.04) pimer « /N L35G
i aims e 55 |y s 5 Shee (MAP@50:95=0.02)
5 bt oo a3 4l Ul pe sazaspls
Pl OlSS FO 4 o ygs 31 L ROWPOUR PR ET A
a 2Wb /Yo s wlasl g 5 LB e bl
/0 4 MAP@50:95) , -/VY 4 MAP@50) . -/5%
a3 283 Gl 5 e 550k sainaplas &
o dhe A e o el awd ose Lila s
Cora plg palhe 5 adlicns 355 5 Shas mhaw o 5V
5 (MAP@50=0.86) &  -/AY sk « -/AY
) San 5 Gopms Nsy cxl e, MAP@50:9520.6)

Sl Jae 53 e R Sl P TN



Yay vUL.,.:‘w,u,,‘&\ﬂ\d\fjte&?usu,,@bowwhqp

Precision
Recall
mAP@50
mAP@50:95

Metric Value

Epoch 1 Epoch 45 Epoch 90
Training Stage

(«’Jts"fOJ‘JSJ‘\ J‘ﬁ)g&j}é—‘-bJ}JMJk))JM)&D&Q}J‘dL&JL}AQ‘M—OJg.f&

Figure 5. Variations in model performance evaluation metrics across three training epochs: Epoch 1.0, Epoch
45.0, and Epoch 90.0.
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Figure 6. The relationship between precision and recall across different classes.
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Figure 7. Normalized confusion matrix for the detection of gall species.
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Figure 8. A set of processed images of oak galls from the test dataset.
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