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Crescentia cujete 

calabash tree, C America 
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Gleditsia triacanthos 

honey locust, N America 

Maclura pomifera 

Osage orange, N America 

Neotropical Anachronisms: The Fruits the Gomphotheres ate 

Janzen & Martin - Science 1982 
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Dispersal Anachronisms in South America 
Paulo Guimarães, Mauro Galetti, Pedro Jordano 2008  



The Forgotten Megafauna 
Hansen & Galetti - Science 2009 

South America 

Madagascar 

Mauritius 

Gomphothere 
Giant ground sloth 

Elephant bird 

Giant tortoise 

c. 10,500 years BP c. 2000-400 years BP c. 250 years BP 

(1844?) 



Dispersal Anachronism 

Animal-dispersed fruits which 

display strikingly unfit traits and 

patterns to meet the physical 

capabilities and sensory 

preferences of extant dispersers. 
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Indicators of dispersal anachronisms 

• “Riddle of the rotting fruit” 

• Patchy or restricted distribution 

• Inefficient dispersal by extant animals 

Kalyan Varma 

• Inefficient dispersal by extant animals 
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• “Riddle of the rotting fruit” 
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• Gape size and seed size don’t’ match 
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Extant animal dispersers in Madagascar 

• Lemurs (21) 

• Bats (3) 

• Birds (5) 

• Reptiles (1) 

• Rodents 

• Introduced livestock? 

Cattle, horse, sheep, goats and bushpigs 

Felix Forest 



• Likely cause: human activities 

Madagascar’s Extinct Megafauna 

• Dramatic loss of animal species between c. 2000 and 400 BP 

• At least 48 species of large mammals, birds and reptiles lost 
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• Megafauna in Madagascar = every extinct species larger than 

the largest extant native frugivore (> Varecia rubra, 3400g) 



Adapted from Federman et al. 2016  



Madagascar’s extinct giant lemurs 

Megafauna in Madagascar = every extinct species larger than 

the largest living native frugivore (> Varecia rubra, 3400g) 

Species Diet BW Max. Ø 
Palaeopropithecus ingens 

(sloth lemur) 
Mixed 52.6 4.24 

Archaeolemur majori 

(monkey lemur) 
Frugivore 24.5 3.43 

Hadropithecus stenognathus 

(monkey lemur) 
Mixed 16.7 3.09 

Babakotia radofilai 

(sloth lemur) 
Frugivore 16.2 3.06 

Pachylemur jullyi 

(giant ruffed lemur) 
Frugivore 12.8 2.87 

Mesopropithecus globiceps 

(sloth lemur) 
Mixed 10.6 2.72 

Pachylemur insignis 

(giant ruffed lemur) 
Frugivore 10.0 2.68 

Varecia rubra & V. variegata 

ruffed lemur 
Frugivore 3.4 2.46 

Eulemur macaco 

Black lemur 
Frugivore 2.3 2.46 
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Palaeopropithecus ingens 

Varecia rubra 



Degrees of anachronism 
(modified after Barlow 2000) 

A) EXTREME: no native dispersers 
 

B) POTENTIAL: 5 ≤ native dispersers 
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Dispersal anachronisms in Madagascan legumes? 
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Madagascar’s Flora 
• 10,650 angiosperm species, 84% 

endemism (Callmander et al. 2011) 

• With 626 species Leguminosae is 

3rd  most species rich family 
(Orchidaceae ca. 850 spp, Rubiaceae ca. 650 spp) 

• 70% endemism in Leguminosae 

(450±5 species) 

© Aurélie Albert-Daviaud 



At least 27 Madagascan legume species 

are endozoochorously dispersed 
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Only 4 species of Leguminosae are 

known to be dispersed by animals 

Eulemur fulvus fulvus 

Common brown lemur 

Baudouinia fluggeiformis 

(Caesalpinioideae) 

Eulemur macaco 

Black lemur 
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Cordyla madagascariensis 

(Papilionoideae)  

Lemur catta 

Ring-tailed lemur 

Tamarindus indica 

tamarind (Caesalpinioid.) 

Eulemur macaco 

Black lemur 
Parkia madagascariensis 

(Mimosoideae) 
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Species IUCN Anachronism Pot. Disp. 
1) Erythrina hazomboay VU Extreme 0 

2) Erythrina madagascariensis  LC Potential 2 birds 

3) Erythrina perrieri  CR Potential 2 birds 

4) Adenanthera mantaroa  NE Potential 2 birds 

5) Strongylodon madagascariensis LC Potential 4 lemurs 

6) Erythrophleum couminga NE Potential 5 lemurs 

• 27 species have animal dispersed fruits 

© David Dennis 

Results 
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• Based on seed size, 6 endemic species qualify as anachronistic 
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Species IUCN Anachronism Pot. Disp. 
1) Erythrina hazomboay VU Extreme 0 

2) Erythrina madagascariensis  LC Potential 2 birds 

3) Erythrina perrieri  CR Potential 2 birds 

4) Adenanthera mantaroa  NE Potential 2 birds 

5) Strongylodon madagascariensis LC Potential 4 lemurs 

6) Erythrophleum couminga NE Potential 5 lemurs 

• 27 species have animal dispersed fruits 

• Based on seed size, 6 endemic species qualify as anachronistic 
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Species IUCN Anachronism Pot. Disp. 
Eligmocarpus cynometroides CR L-Extreme 18 lemurs 

Distribution 
0 



Eligmocarpus cynometroides 

• 21 individuals left (Devey et al. 2013) 

• Critically Endangered 
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Why are we doing this? 

Consequences of megafauna extinction 

Reduced seed dispersal distances & areas 

Reduced geographic ranges 

Restricted gene flow via seeds leading to: 

 Limited genetic variation within populations 

 High genetic differentiation between populations 

Decrease in total number of seeds dispersed 
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The genetic Allee effect 

from Luque et al. 2016 



Non-dispersal eventually means extinction! 
Caughlin et al. 2014: 
 

Disperser loss leads to a 10-fold increase in 

the probability of extinction 
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What next? 

Satranala decussilvae 

Arecaceae 

Adansonia spp. 

Malvaceae 

Canarium spp. 

Burseraceae 

Symphonia spp. 

Clusiaceae 

Strychnos spp. 

Loganiaceae 

Landolphia obliquinervia 

Apocynaceae 

Brexiella spp. 

Celastraceae 

Colubrina spp. 

Rhamnaceae 

Salacia spp. 

Celastraceae 

Ropalocarpus lucidus 

Sphaerocepalaceae 

Euclinia suavissima 

Rubiaceae 
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Ampelosycios humblotii 

Passifloraceae 

o Comparative study of dispersal anachronisms in Madagascar 



• Comparative study of dispersal anachronisms in 

Madagascar 

• Paleontological evidence 

(e.g. subfossil seeds from coprolites, drill cores, etc.) 

What next? 





Acknowledgements 

At Kew: 

Kathy Willis 

Stuart Cable 

Gwilym Lewis 

Aurélie Grall 

David Du Puy 

Externally: 

Sven Buerki (Natural History Museum, London, UK) 

Steve Goodman (Field Museum Chicago/Madagascar) 

Kim Valenta (McGill University Montreal, Canada) 

Hiroki Sato (Kyoto University, Japan) 

In Madagascar (KMCC): 

Hélène Ralimanana 

Franck Rakotonasolo 

Guy Onjalalaina 

Romer Rabarijaona 

Tatamo Andrianantenaina 

The Joseph Jones and Daisy and Graham Rattenbury Charitable Trust 



Thank you! 


