Madagascar’s Orphans of Extinction
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Neotropical Anachronisms: The Fruits the Gomphotheres ate
Janzen & Martin - Science 1982
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Crescentia cujete Gleditsia triacanthos Maclura pomifera
calabash tree, C America honey locust, N America Osage orange, N America




Dispersal Anachronisms in South America
Paulo Guimaraes, Mauro Galetti, Pedro Jordano 2008

OPEN & ACCESS Freely available online PLOS ¢

Seed Dispersal Anachronisms: Rethinking the Fruits
Extinct Megafauna Ate

Abstract

Background: Some neotropical, fleshy-fruited plants have fruits structurally similar to paleotropical fruits dispersed by
megafauna (mammals =>10% kg), yet these dispersers were extinct in South America 10-15 Kyr BP. Anachronic dispersal
systems are best explained by interactions with extinct animals and show impaired dispersal resulting in altered seed
dispersal dynamics.

Methodology/Principal Findings: We introduce an operational definition of megafaunal fruits and perform a comparative
analysis of 103 Neotropical fruit species fitting this dispersal mode. We define two megafaunal fruit types based on previous
analyses of elephant fruits: fruits 4-10 cm in diameter with up to five large seeds, and fruits =10 cm diameter with
numerous small seeds. Megafaunal fruits are well represented in unrelated families such as Sapotacease, Fabaceae
Solanaceae, Apocynac: Malvaceae, Caryocaracea d Arecaceae and combine an overbuilt design (large fruit mass and
size) with either a single or few (<3 seeds) extremely large seeds or many small seeds {usually =100 seeds). Within-family
and within-genus contrasts between megafaunal and non-megafaunal groups of species indicate a marked difference in
fruit diameter and fruit mass but less so for individual seed mass, with a significant trend for megafaunal fruits to have larger
seeds and seediness.

Conclusions/Significance: Megafaunal fruits allow plants to circumvent the trade-off between seed size and dispersal by
relying on frugivores able to disperse enormous seed loads over long-distan Present-day s

hoarding rodents, introduced livestock, runoff, flooding, gravity, and human-mediated dispe

megafauna-dependent fruit ies after extinction of the major seed dispersers. Megafauna extinction had se
potential consequences, such as a scale shift reducing the seed dispersal distances, increasingly clumped spatial pattems,
reduced geographic ranges and limited genetic variatio
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The Forgotten Megafauna
Hansen & Galetti - Science 2009

Gomphothere

T Giant ground sloth

Giant tortoise

South America
Madagascar

Mauritius

c. 10,500 years BP c. 2000-400 years BP c. 250 years BP
(18447?)




Dispersal Anachronism

Animal-dispersed fruits which

display strikingly unfit traits and
patterns to meet the physical
capabllities and sensory

preferences of extant dispersers.

A Eligmocarpus cynometroides
® Eulemur collaris

® Cheirogaleus major

© Cheirogaleus medius
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Indicators of dispersal anachronisms

“Riddle of the rotting fruit”

* |Inefficient dispersal by extant animals

» Gape size and seed size don’t’' match

« Patchy or restricted distribution

Legend
A Eligmocarpus cynometroides
® Eulemur collaris

® Cheirogaleus major

© Cheirogaleus medius

| © W. Stuppy o 5 10 20 Kiometers




Reptiles (1)

Rodents

Introduced livestock?




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

Likely cause: human activities

Megafauna in Madagascar = every extinct species larger than
the largest extant native frugivore (> Varecia rubra, 34009)
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Madagascar’s extinct giant lemurs

Megafauna in Madagascar = every extinct species larger than
the largest living native frugivore (> Varecia rubra, 3400Q)

Species Diet BW Max. &

Palaeopropithecus ingens Mixed 52 6 4.24

(sloth lemur)

Archaeolemur majori Frugivore 245 3.43

(monkey lemur) 4 -

Hadropithecus stenognathus Mixed 16.7 3.09 | ' i

(monkey lemur) Y ﬁ

Babakotia radofilai . 7 'TLL
= 16.2 : L smokevbi

et [ rugivore 6 3.06 D o Smoke

pachylemur jullyi . Palaeopropithecus ingens

(giant ruffed lemur) Frugivore 12.8 2.87 -

Mesopropithecus globiceps T 10.6 272

(sloth lemur)

Pachylemur insignis :

(giant ruffed lemur) Frugivore 10.0 2.68

Vareciarubra & V. variegata Frugivore 3.4 2 46

ruffed lemur

SUIEHILF MEEEEE Frugivore 2.3 2.46

Black lemur

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?

@ David Du Pu
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L. EGUMINOSAE
of MADAGASCAR

D.J. Du Puy, J.-N. Labat, R. Rabevohitra, J.-F. Villiers, J.Bosser & J. Moat



Madagascar's Flora

* 10,650 angiosperm species, 84%
endemism (Callmander et al. 2011)

* With 626 species Leguminosae is

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

* 70% endemism in Leguminosae
(45015 species)




At least 27 Madagascan legume species
are endozoochorously dispersed
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Only 4 species of Leguminosae are
known to be dlspersed by animals

'I'g_g

Eulemur fulvus fulvus Baudoumla fluggelform|s Eulemur macaco Parkia madagascariensis
Common brown lemur (Caesalpinioideae) Black lemur (Mimosoideae)

Eulemur macaco Cordyla madagascarlen3|s Lemur catta Tamarindus indica
Black lemur (Papilionoideae) Ring-tailed lemur tamarind (Caesalpinioid.)



Results

« 27 species have animal dispersed fruits

» Based on seed size, 6 endemic species qualify as anachronistic

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
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Results

» 27 species have animal dispersed fruits

» Based on seed size, 6 endemic species qualify as anachronistic

Species IUCN Anachronism Pot. Disp. Distribution

1) Erythrina hazomboay VU Extreme 0 0)

2) Erythrina madagascariensis LC Potential 2 birds 2

3) Erythrina perrieri CR Potential 2 birds 2

4) Adenanthera mantaroa NE Potential 2 birds 2

5) Strongylodon madagascariensis LC Potential 4 lemurs 2

6) Erythrophleum couminga NE Potential 5 lemurs 0)

Species IUCN Anachronism Pot. Disp. Distribution
Eligmocarpus cynometroides CR L-Extreme 18 lemurs 0
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Eligmocarpus cynometroides

21 individuals left (Devey et al. 2013)

Critically Endangered

Legend
A Eligmocarpus cynometroides
® Eulemur collaris :
® Cheirogaleus major
© Cheirogaleus medius
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Why are we doing this?
Consequences of megafauna extinction
Decrease in total number of seeds dispersed
Reduced seed dispersal distances & areas
Reduced geographic ranges

Restricted gene flow via seeds leading to:

Limited genetic variation within populations

High genetic differentiatio
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The genetic Allee effect

Ecological Allee effect

Population
size

Fitness
component

Population
size

Fitness
component

Genetic Allee effect

! i Population
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from Luque et al. 2016




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

Disperser loss leads to a 10-fold increase in

the probablllty of extlnctlon
e m‘(}k




What next?

o Comparative study of dispersal anachronisms in Madagascar

Satranala decussilvae Adansonia spp. Canarium spp. Euclinia suavissima
Arecaceae Malvaceae Burseraceae Rubiaceae

Symphonia spp. Strychnos spp. Landolphia obliquinervia ~ Ampelosycios humblotii
Clusiaceae Loganiaceae Apocynaceae Passifloraceae
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Colubrina spp. Ropalocarpus lucidus Brexiella spp. Salacia spp.
Rhamnaceae Sphaerocepalaceae Celastraceae Celastraceae



What next?

« Comparative study of dispersal anachronisms in
Madagascar

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