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Collective behavior

Starling flocks Midge swarms



3D Experiments in the field



3D Tracking

Attanasi, A., et al. GReTA-A Novel Global and Recursive Tracking Algorithm in Three Dimensions. IEEE TPAMI (2015). 





Mosquito lab-swarms

CoBBS Lab 
in collaboration with 
University of Perugia

Department 
of Medicine and Surgery



Malaria
vector control

World Malaria Report 2023 – World Health Organization WHO
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Malaria transmission cycle
vector control

Infected mosquito
bites

non-infected human

Infected 
liver

Infected 
blood-cells

Non-infected mosquito
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Inside mosquito
plasmodium 

develops and reproduces



Malaria control strategies

Vaccine

2023-2025

SIT

HUMAN MOSQUITO
Vector Control



SIT
Sterile Insect Technique

Malaria
vector control

S. Kumar and A. Sahgal, ‘Advances in Mosquito Control: A Comprehensive Review’, Advances in 
Diptera - Insight, Challenges and Management Tools. IntechOpen, 2022. 



GENE DRIVE

Malaria
vector control

• Reduce female fertility
• Bias sex ratio towards males
• Make mosquitoes resistant to plasmodium



Mating



Malaria
mating and swarming

Anopheles gambiae during mating: 
Source: Sam-Cotton, www.scienceupdate.com 



Lab

Semi-field

Field

Tests on vector control
what has been done?



Lab

Semi-field

Field

Tests on vector control
how can we contribute?

Characterize swarming behavior

Study mating behavior within swarms



Lab-swarms?



Mosquito Husbandry

EGGS LARVAE PUPAE

ADULTS



Lab-swarms
Large cage setup

FOOD

Resting Points



SUNSET

Lab-swarms
Large cage setup



Mosquito Husbandry

EGGS LARVAE PUPAE

ADULTS



3D Experiments



Lab-swarms
Large cage setup



3D Tracking

Attanasi, A., et al. GReTA-A Novel Global and Recursive Tracking Algorithm in Three Dimensions. IEEE TPAMI (2015). 



3D Tracking: occlusions



3D Tracking: occlusions
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3D Tracking
Build all possible 2D trajectories
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3D Tracking
Build all possible 2D trajectories
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3D Tracking
Match across cameras

Use the geometry of the system
to match objects
across cameras
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3D Tracking
Solving occlusions
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3D Tracking
Solving occlusions
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2 correct trajectories

3D Tracking
Solving occlusions



4 birds 

19 frames

13

possible

paths

3D Tracking
Exponential proliferation



P = NebT

Number of objects

time

Bifurcation Coefficient

Exponential proliferation3D Tracking
Exponential proliferation



Recursion 3D Tracking
Exponential proliferation



3D Tracking

28 acquisitions
single-sex males

34 acquisition
single-sex females

Trajectories  ~ 16s @170fps

6 acquisitions
mixed-sex



Participation Ratio



Lab-swarms
participation ratio - males

Participation Ratio
0.15



Lab-swarms
participation ratio - females



Lab-swarms
males vs females



Lab-swarms
males vs females



Exploration strategy



Exploration strategy
males



Exploration strategy
males



Exploration strategy
males



Exploration strategy
males



Exploration strategy
males



Exploration strategy
males - loops



Exploration strategy
males - loops



Exploration strategy
males vs females



Exploration strategy
males vs females



Exploration strategy
males vs females



Mating



Mating



Mating



Mating 
how to detect mating events?



Mating 

competition



Mating 

competition



Future work

Let’s distinguish females!
PRIN 2022 - MoSWARM



Thanks for your attention!
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Characterization of lab-based swarms of Anopheles gambiae mosquitoes Sci Rep 13, 8745 (2023). 
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