
Godfrey et al. Supplementary Table 3. Inferred changes in habitat and biota with proposed climate or human triggers in the 
drier vegetation zones of Madagascar during the Holocene (see Figure 1 for locality details). Time of megafaunal collapse at 
multiple sites within the drier part of Madagascar is indicated by gray shading. 

Dates1 Site 
 

Nature of Change  Trigger 
proposed 
by original 

authors2  

Source 

Early and middle 
Holocene 

Tsimanampesotse Lack of stalagmite growth between the end of the 
Pleistocene (11,700 years ago) and ~3500 years ago 
suggests mean annual rainfall typically less than 300 
mm/yr along the coastal southwest.  

Climate Burns et al. 2022 

Beginning ~3600 
years ago 

Asafora  Renewed stalagmite growth suggests somewhat wetter 
conditions.  

Climate Faina et al. 2021 

Beginning ~3500 
years ago 

Anaviavy Atsimo Renewed stalagmite growth suggests somewhat wetter 
conditions.  

Climate Faina et al. 2024 

3483 cal yr BP Lamboharana Early anthropogenic modification of hippopotamus 
femur confirmed (possible marrow extraction?).  

Humans Hixon et al. 2022 
MacPhee & Burney 

1991 
Between ~2500 
and ~1600 yr BP  

Asafora 
 

Gradual aridification, accelerating ~1700-1600 yr BP.    Climate 
 

Faina et al. 2021 

Between ~2500 
and ~1500 years 

ago 

Taolambiby 
 

Decrease in spores of Sporormiella and increase in 
charcoal particles suggest gradual decline in faunal 
biomass and increase in fire.   

Climate 
 

Ramarolahy et al. 
2021 

Between ~2500 
and 1500 yr BP 

Taolambiby, 
Anavoha, 

Lamboharana, 
Andolonomby 

Sporadic evidence of butchery or marrow extraction 
from bones of megaherbivores and butchery of large-
bodied lemurs (e.g., Megaladapis).  

Humans Perez et al. 2005, 
Hansford et al. 2018,  
Rabemananjara 2020 

~2050 cal yr BP Lake Ihotry 
 

Palm trees (especially Bismarckia nobilis) begin to 
decline in abundance.    

Climate 
 

Vallet-Coulomb et al. 
2006 

Beginning ~2000 
years ago 

Tampolove 
 

Decline in subfossil endemic vertebrates 
(hippopotamuses, giant tortoises, crocodiles). 

Climate 
 

Hixon et al. 
2022 



~2000 years ago Andolonomby Abrupt increase in nitrogen isotope values for extinct 
lemurs suggests foraging in drier habitats. 

Climate Crowley et al. 2017 

After ~2000 years 
ago 

Tsimanampesotse 
 

Decline in freshwater birds, likely triggered by 
salinization of this coastal lake.   

Climate 
 

Rasolonjatovo et al. 
2021 

After ~2000 years 
ago 

Tsimanampesotse 
 

Local extirpation of both large- and smaller-bodied 
vertebrates, including now-extinct lemurs. 

Climate 
 

Godfrey et al. 2021 

1907.5 ±97.5 cal 
yr BP 

Belo-sur-Mer Decline in spores of Sporormiella suggests decline in 
large-bodied vertebrates.   

Humans* 
 

Burney et al. 2003 

1700 ±135 cal yr 
BP 

Belo-sur-Mer Spike in charcoal microparticles suggests increase in 
fire.  

Humans* 
 

Burney et al. 2003 

1607.5 ±92.5 cal 
yr BP 

Andolonomby 
 

Decline in spores of Sporormiella suggests decline in 
large-bodied vertebrates.   

Humans* 
 

Burney et al. 2003 

Between ~1600 
and 900 yr BP 

Asafora 
 

Sharp decline in rainfall amount with aridification peak 
at ~1600 yr BP followed by prolonged dry interval and 
second aridification peak at 1100 –1000 yr BP.  Habitat 
shift with decline in C3 and increase in C4/CAM plants.  

Climate 
 

Faina et al. 2021 

1574 cal yr BP Andolonomby 
 

Decline in Pandanus and other C3 trees while sedges 
(Cyperaceae) increase.  

Climate 
 

Virah-Sawmy et al. 
2016 

1530 cal yr BP Lake Ihotry 
 

Diatom-inferred conductivity suggests a shift from 
freshwater to saline conditions.  

Climate 
 

Vallet-Coulomb et al. 
2006 

~1500 years ago Andolonomby 
 

Spike in charcoal microparticles, decline in arboreal 
pollen and rise in ruderal pollen.   

Humans 
 

Burney et al. 2003 

By ~1500 years 
ago 

unspecified Genetic evidence suggests translocation from Africa to 
Madagascar of wild animals (bush pigs) by 1500 yr BP 

Humans Balboa et al. 2024 

Beginning ~1500 
years ago 

Taolambiby 
 

Vegetation shifts from dominant C3 to dominant 
C4/CAM (especially sedges).  

Climate 
 

Ramarolahy et al. 
2021 

Between ~1200 
and 1000 cal yr BP 

Andolonomby, 
Lamboharana, 

Tampolove, Tsirave  

Intensification of butchery of now-extinct endemic 
vertebrates (e.g., Pachylemur, Archaeolemur, 
Megaladapis, Hippopotamus, Mullerornis, and 
Aepyornis)  

Humans MacPhee & Burney 
1991 

Vasey & Godfrey 
2022 

Hixon et al. 2022 
By ~1100 years 

ago 
Multiple Sites 

 
Odds-ratio analysis confirms a dramatic megafaunal 
population crash. The odds of finding bones of extinct 
(vs. extant) species drop significantly at this time.  

 
Climate 

 

 
Faina et al. 2021 



By ~1100 years 
ago 

Antsirafaly & Soalara Local extirpation of hippos, elephant birds, and giant 
arboreal lemurs (Megaladapis). 

Climate Godfrey et al. 2021 

By ~1000 cal yr BP Andolonomby 
 

Virtually all trees except palms have disappeared. 
Palms follow soon thereafter. 

Climate 
 

Virah-Sawmy et al. 
2016 

Between 1000 
and 900 yr BP 

Asafora 
 

Return to relatively wetter conditions.  Climate 
 

Faina et al. 2021 

~800 years ago Tsirave Last record of giant lemurs at lemur butchery site.  Humans Vasey & Godfrey 
2022 

Between ~800 
and 600 yr BP  

Asafora Dry event. Climate Faina et al. 2021 

~600 years ago Lake Tsizavatsy Dry event. Climate Razanatsoa et al. 
2021 

 

1Conventional 14C dates, reported in calendar years BP (cal yr BP), were calibrated or recalibrated using Calib 8.2 (Stuiver and 
Reimer 1993) and the Southern Hemisphere calibration curve (SHCal20; Hogg et al. 2020). Th/U dates (from stalagmites) do 
not require calibration and are presented in “yr BP”.  Approximate dates from indirect evidence and dates from statistical 
analyses of large samples are provided as “years ago.”    

2Asterisk signals that our interpretation of the trigger differs at least somewhat from that of the original authors (see main text).  
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