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Animal phenology



We propose a new bioacoustic indicator
to quantify community-level phenological responses of birds to climatic variability

Vocal activity phenology

RESEARCH AIM

Bird community composition

Seasonal occurrence patterns of non-resident species
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Passive acoustic monitoring 

Aosta Valley
north-western Italian Alps

MATERIALS AND METHODS
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MATERIALS AND METHODS

A spruce dominated forest
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3 recording sites between 1800 and 2100 m a.s.l.

Recording continuously with SM4 (Wildlife Acoustics)

A larch dominated forest An abandoned pasture



Species identification 
Deep learning classifier BirdNet

Detections check
Expert manual validation
Verified detections were used for phenological analyses

Models
LMM (Linear Mixed Model) to analyse shifts in the daily start and end times of vocalizations at the 
community level

GAM (Generalized Additive Model) to analyse the effects of climatic variables on vocal activity
→ air temperature, solar radiation, wind speed, and precipitation
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Bird community compositionRESULTS
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→ 72 bird species detected

SKYLARK
GOLDEN EAGLE

NORTHERN GOSHAWK

COMMON HOUSE MARTIN

SPOTTED FLYCATCHER
WHITE WAGTAIL

YELLOW WAGTAIL
EURASIAN WOODCOCK

SHORT-TOED SNAKE EAGLE
SUBALPINE WARBLER

EUROPEAN GOLDFINCH
FIELDFARE
ALPINE TIT

CRESTED TIT
COAL TIT

GREAT TIT

BLUE TIT
EURASIAN BULLFINCH

BOREAL OWL
PYGMY OWL

LONG-TAILED TIT

BLACK REDSTART
COMMON WOOD PIGEON

CARRION CROW
COMMON RAVEN

RED CROSSBILL
COMMON CUCKOO

BLACK GROUSE
EUROPEAN HONEY BUZZARD

COMMON LINNET
GOLDCREST
CHAFFINCH

COMMON KESTREL
EURASIAN JAY

ALPINE CHOUGH
RED-BILLED CHOUGH

EUROPEAN BEE-EATER
LONG-EARED OWL

EURASIAN EAGLE-OWL

EURASIAN SISKIN

WOOD WARBLER
COMMON CHIFFCHAFF

COMMON BLACKBIRD
RING OUZEL

SPOTTED NUTCRACKER
DUNNOCK

BRAMBLING

EUROPEAN ROBIN
EURASIAN NUTHATCH

BLACK WOODPECKER
GREAT SPOTTED WOODPECKER

GREEN WOODPECKER
COMMON BUZZARD

TREE PIPIT
COMMON QUAIL

WALLCREEPER
GOLDCREST

BARN SWALLOW
COMMON SWIFT

ALPINE SWIFT

EURASIAN WREN
ALPINE ACCENTOR

EURASIAN SPARROWHAWK
WATER PIPIT

WHINCHAT
EUROPEAN NIGHTJAR

MISTLE THRUSH

SONG THRUSH
ALPINE CHAFFINCH

EUROPEAN GREENFINCH
EUROPEAN SERIN

CIRL BUNTING



Seasonal occurrence patterns of non-resident species

→The frequency of the vocal activity nicely shows different patterns
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RESULTS
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RESULTS



→ Detections consistently describe diel rhythm in vocal activity
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RESULTS Vocal activity phenology
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Vocal activity phenology

→ At the community level the acoustic data are reliable for 
estimating the vocal activity

RESULTS
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Vocal activity rhythms differed among habitats: 

→ In the abandoned pasture birds started vocal activity later and ended earlier

→ Larch and Spruce sites exhibited similar vocal phenological patterns

Month First call of the day Last call of the day

July + 30 min - 55 min 

August + 35 min - 40 min 

September + 21 min - 17 min 

October + 22 min - 8 min 

In the ABANDONED PASTURE:

RESULTS Vocal activity phenology
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Variable z / Chi² p-value

Wind Speed -22.924 <2e-16 ***

Rain 0.271 0.787

Air Temperature 116.5 <2e-16 ***

Incident Radiation 212.2 <2e-16 ***

Recording Site 1290.9 <2e-16 ***

GAM model output RESULTS

Climatic variables influence bird vocal activity



→ Ensure long-term continuity and consistency of data collection;

→ Develop classification systems capable to distinguish different types of vocalisations (calls vs. songs);

→ Extend the proposed indicator to other animal groups (e.g., orthoptera insects, cricket choruses).
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WHAT NEXT

The proposed bioacoustic indicator can be an effective tool for long-term 
monitoring of phenological responses in bird vocal activity under climate change

CONCLUSION



s.koliopoulos@arpa.vda.it 

Thank you!

Sofia Koliopoulos
Climate Change Unit

Environmental Protection Agency of 
Aosta Valley (ARPA VdA), Italy
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