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Singapore

• City-state
• Former British colony
• Area: 719 km2

• Population: 6 million 
(~30% foreigners)

• Languages: English, 
Malay, Chinese, Tamil









Taxonomic group
Number of 
species

Number of 
records

Mammals 32 64

Birds 154 3847

Reptiles 121 2925

Amphibians 25 1132

Fishes 46 676

Butterflies 413 7108

Bees 129 239

Phasmids 46 258

Decapod crustaceans 23 205

Plants 2076 34224

Total 3065 50678
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What maintains the diversity of 
local ecological communities?
Two broad possibilities:
• Niches
• Dispersal





Tilman 1981 Ecology





Chisholm & Pacala 2010 PNAS; Chisholm 2025 in The First 100 Years of Research on Barro Colorado Island

No fitted parameters!

neutral model



What maintains the diversity of 
local ecological communities?
Two broad possibilities:
• Niches → niche-assembly theory
• Dispersal → dispersal-assembly theory (neutral 

theory, mass effects, source–sink dynamics, etc.)



Purves & Pacala 2005 in Biotic Interactions in the Tropics; Chisholm & Pacala 2010 PNAS;
Chisholm & Pacala 2011 Theoretical Ecology



Niering 1963 Ecological Monographs; MacArthur & Wilson 1967 The Theory of Island Biogeography

“Small-island effect”



Area = A = 100
Niches = n* = 4
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Area = A = 100
Niches = n* = 4
Species richness = S ~ n* = 4



A = 200
S ~ n* = 4



A = 250
S ~ n* = 5





A = 400
n* = 5



A = 400
n* = 5
S = 6



A = 400
n* = 5
S = 7



A = 400
n* = 5
S = 8



A = 800
n* = 5
S = 10



𝑆𝑆 ≈ 𝜃𝜃 𝜓𝜓0
𝜃𝜃
𝑛𝑛∗ + 𝛾𝛾∗ 𝜓𝜓0 𝜓𝜓∗ + 𝐽𝐽∗ − 𝜓𝜓0 𝛾𝛾∗ − 𝜓𝜓0

𝜙𝜙
𝑛𝑛∗

where 𝜓𝜓0 is the digamma function, 𝛾𝛾∗ = 𝐽𝐽∗ − 1 𝑚𝑚/(1 −𝑚𝑚), 
𝐽𝐽∗ = 𝐽𝐽/𝑛𝑛∗, and 𝐽𝐽 = 𝜌𝜌𝜌𝜌.

Three free parameters: n*, m, θ.



Niering 1963 Ecological Monographs; MacArthur & Wilson 1967 The Theory of Island Biogeography

Niche assembly

Dispersal assembly



Chisholm et al. 2016 Proceedings of the Royal Society B



Strengths:
• Mechanistic model predicts functional form
Weaknesses:
• Three fitted parameters
• Hindcast rather than forecast
• Causality? Area assumed to be a proxy for 

immigration… but area could be confounded 
with other variables (niche diversity). Could 
we look at immigration directly?



Species richness versus immigration

Niche-assembly theory Dispersal-assembly theory



Species richness versus immigration

Classic unified theory
(MacArthur & Wilson)

Novel unified theory



Species richness versus immigration

Classic unified theory
(MacArthur & Wilson)

Novel unified theory

Chisholm & Fung 2021 Theoretical Ecology



Species richness versus immigration

Lynette Loke



One treatment replicate:

1) Habitat tile

2) Custom-built stainless-steel cage

Species richness versus immigration

12 treatments (numbers of holes) × 5 replicates = 60 units
Units were completely submerged ~95% of the time.



Species richness versus immigration



Species richness versus immigration

Classic unified theory
(MacArthur & Wilson)

Novel unified theory



Species richness versus immigration

Loke & Chisholm 2023 Nature
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Strengths:
• A true prediction
• Predicts functional form
• Could have been substantially wrong—risky experiment

Weaknesses:
• Model still has three fitted parameters
• Only one pattern



Preston 1960 Ecology

Species–area relationship

Can we reconcile the classic 
triphasic mainland species–
area relationship with the 
island species–area 
relationship and the “small-
island effect”?



Prediction: should observe previously 
unseen flat niche-structured phase in the 
species–area relationship in systems with 
low metacommunity diversity

Chisholm & Fung 2021 Theor. Ecol.

Niche-assembly 
phase

Dispersal-assembly 
phase

Speciation-
assembly 

phase



Mangroves

Rull 2022 Earth. Sci. Rev.
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Mangroves

Chisholm, Fong, Friess & Rovai Oikos 2025



Indeed, mangrove tree diversity changes 
little over nearly ten orders of magnitude 
of area: a “small-island effect” on the 
mainland

Chisholm, Fong, Friess & Rovai Oikos 2025



Implications

• Novel unified theory predicts communities are 
niche-assembled under very low immigration, and 
dispersal-assembled otherwise

• Experimental and observational data suggests niche 
diversity is usually low (≤10)

⇒ Local communities on mainlands have few niches 
and are primarily dispersal-assembled

Chisholm & Fung 2021 Theoretical Ecology; Loke & Chisholm 2023 Nature







Forthcoming in September 2025
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