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Domestication
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Seasonally breeding 
wild ancestors

Year-round breeders

Brehms Tierleben, Small Edition, 1927
Image credit: Charles Hamilton Smith, adapted by Sci.News. © Jessica Dennett

(out-of-season 
breeding 
possible)

Seasonal breeders                                                                                     

Prehistoric cattle and sheep (Europe) ?

10 500 years 
ago

Today
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Modern cattle:
Year-round breeding

Year-round / seasonal breeding
(local conditions/orientation of 

production)

Modern cattle

Doñana

Rhein-Taunus
Marais vernier

Oostvordersplassen
Veluwezoom

Basque country

(Lazo, 1992; Reinhardt et al., 1986 ; Lecomte et Le Neveu, 1986 ; Gidney, 2013 ; van Wieren, 1988 ; Gomez et al., 1997) 

J F M A M J J A S O N D
Oostvordersplassen nature reserve (NL)
Imbos, Veluwezoom National park (NL)
Rhein-Taunus Naturpark (Germany)
Marais Vernier reserve (France)
Basque country (Spain) 
Donana nature reserve (Spain)

Unimproved breeds in natural 
reserves: 

Seasonal breeding

Reinhardt et al., (1986)

Feral cattle

16th c Aurochs:
Seasonal breeding

In the 16thc Białowieża forest (Van Vuure, 2005)
• Females and males live separately
• Mating in August-Sept, calving in May-June

Aurochs

Brehms Tierleben, Small Edition, 1927
Image credit: Charles Hamilton Smith, adapted by Sci.News.
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Modern cattle:
Year-round breeding

Reinhardt et al., (1986)

Illustration Pierre-Yves Videlier

Prehistoric cattle?

Aurochs :
Seasonal breeding (?)

Unimproved breeds in natural reserves: 
Seasonal breeding



Sequential analysis of enamel δ18O

Modelling

Inter-individual variability 

Birth seasonality

Reconstructing cattle birth seasonality in the past
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Cattle birth seasonality (6th-4th mill BCE): corpus of study

pioneer farming societies 
(early 6th mill)

earliest Neolithic in Central Europe 
(2nd half of 6th mill)

Dates cal BCE

Chalcolithic 
5th mill

Middle Neolithic in western Europe 
(early 4th mill)



Bercy

Auriac

Bischoff. Czech Rep
Balatonszar.ApcLudwinowo

PBord&Hva

Cheia

Alsonyek

Serbia

(Balasse et al., 2021, Sci Rep)

Seasonal calving on the site scale

Seasonal reproduction in cattle lasted over the first millennia of domestication



Bercy

Auriac

Bischoff. Czech Rep
Balatonszar.ApcLudwinowo

PBord&Hva

Cheia

Alsonyek

Serbia

95%68%

All Bos (N=105)

0

0.25

0.5

0.75

(Balasse et al., 2021, Sci Rep)

Seasonal calving on the continental scale
 physiological/environmental constraint?

Doñana natural reserve (Lazo, 1992)

Seasonal reproduction in cattle lasted over the first millennia of domestication



Today’s Europe 

Prehistoric Europe (6th-4th mill BCE)
Seasonal breeding

?

Husbandry:
Year-round breeding

Natural reserves:
Seasonal breeding 16thc in Białowieża forest

Seasonal breeding

Wild ancestor
True seasonal anoestrus ?
Unexpressed capacity for 

year-round breeding? 

Seasonal anoestrus in harsh conditions?
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Predominant pattern 
in continental Europe

(no control, male 
present all year round) 

Kemenez (2008-2013, N= 255) 

(Balasse et al., 2020)
Landes de Bretagne x Ouessant cross breed
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Predominant pattern 
in continental Europe

In the Mediterranean
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Autumn lambing, a widespread practice in the Mediterranean area
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Today’s Europe 
Seasonal (spring) lambing

Autumn lambing in the Mediterranean Dates cal BCE

Continental Europe early 6th-4th mill
Spring lambing

Southern Balkans 
late 7th- early 6th mill

Spring lambing
(no Aegean site)

NW Mediterranean 
2nd half 6th- 4th mill
Spring + Autumn 

lambing

C Mediterranean 
early 6th mill

Winter lambing

Today’s Europe
Husbandry:

Year-round breeding 

Prehistoric Europe (6th-4th mill)
Seasonal breeder

?

Natural reserves:
Seasonal breeder

16thc
Seasonal breeder

Wild ancestor
Seasonal breeder (?)

Selection in favor of an initially rare ability for deseasoning?
(favorable environmental conditions in the Mediterranean area) 

or
Selection against an initially widespread ability for deseasoning? 

(unfavorable environmental conditions at higher latitudes)

Latent capability for year-round breeding
Unexpressed in the wild ancestor (?)

Unexpressed in Neolithic cattle (feeding conditions not met)



autumn lambs

AUTUMN LAMBS - Autumnal lambing in the Mediterranean area: the history of complex interactions between 
biology, paleoenvironments and technical systems (ANR 2022-2026; PI M. Balasse)

FARMERS WITHOUT BORDERS - Ecological perspectives on the spread of animal husbandry from the 
Mediterranean to southeast Europe (6500-5500 BC) (Fritz Thyssen Stiftung, 2020-2024, PI M. Ivanova, Mainz 
University)

SUSTAIN - Sustainability of Agriculture in Neolithic Europe (ERC, 2021-2026, PI M. Ivanova, Mainz University).

AGROPALEOREPRO - Reproduction animale, calendrier pastoral et disponibilité saisonnière des aliments : une 
problématique plurimillénaire (CNRS MITI-INRAE, 2019-2020, PI M. Balasse)
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