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Singapore

e City-state
e Former British colony

e Area: 719 km?

e Population: 6 million
(~30% foreigners)

e Languages: English,
Malay, Chinese, Tamil
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Two centuries of deforestation and biodiversity loss
in Singapore
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What maintains the diversity of
local ecological communities?
Two broad possibilities:

* Niches
e Dispersal



Ecologv, 62(3), 1981, pp. 802-815
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TESTS OF RESOURCE COMPETITION THEORY USING FOUR
SPECIES OF LAKE MICHIGAN ALGAE!

Davip TiLMAN
Department of Ecology and Behavioral Biology, University of Minnesota, Minneapolis, Minnesota 55455 USA

Abstract.  The results of nutrient competition experiments performed for all the pairwise com-
binations of four species of freshwater algae often agreed with the predictions of a graphical model
of resource competition. As predicted by theory, the species with the significantly lower resource
requirement, as measured by R*, was the superior competitor when both species were limited by the
same resource. Two species were observed to coexist only if either (1) each was limited by a different
resource and met the theoretical criteria for coexistence or (2) the species were limited by the same
resource and did not differ significantly in their resource requirements.

Single-species experiments were used to determine the functional dependence of the growth rate
of each Lake Michigan diatom species on the concentration of limiting silicate or phosphate. The
results, fit to the Monod (Michaelis-Menten) model, predicted that Fragilaria crotonensis and As-
terionella formosa had identical silicate requirements, and that both were silicate competitors superior
to Synedra filiformis and Tabellaria flocculosa. The phosphate requirements of the four species were
very similar, with Synedra requiring significantly less phosphate than Tabellaria. Competition ex-
periments demonstrated that Tabellaria was competitively displaced by the three other species for
all silicate-to-phosphate ratios, as predicted. Asterionella and Fragilaria were apparently competi-
tively equal, coexisting for all silicate-to-phosphate ratios used, suggesting evolution of similar re-
source requirements by these two commonly dominant species. Asrerionella and Synedra coexisted
for intermediate silicate-to-phosphate ratios, as did Svnedra and Fragilaria.

Keyv words: competition; diatoms; functional response; Lake Michigan; Monod model; phos-
phate; resource competition; silicate.
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The Unified Neutral Theory of
BIODIVERSITY AND BIOGEOGRAPHY

STEPHEN P. HUBBELL

MONOGRAPHS IN POPULATTION BIOLOGY » 32




No fitted parameters!
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What maintains the diversity of
local ecological communities?

Two broad possibilities:
* Niches =& niche-assembly theory

e Dispersal - dispersal-assembly theory (neutral
theory, mass effects, source—sink dynamics, etc.)
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Area=A = 100 e
Niches=n"=4
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Area = A = 100
Ni._ches == 4. g . :
- Species richness = S ~ n
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Island species richness (S)
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where 1, is the digamma function, y* = (J* — 1)m/(1 — m),
J*=]/n*, and ] = pA.

Three free parameters: n*, m, 6.

Island area (log(A))
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Strengths:

e Mechanistic model predicts functional form

Weaknesses:

 Three fitted parameters

e Hindcast rather than forecast

e (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?
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Species richness versus immigration

Classic unified theory
(MacArthur & Wilson)
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Species richness ()

Species richness versus immigration

Classic unified theory
(MacArthur & Wilson)

Novel unified theory
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Species richness versus immigration

One treatment replicate: . :
N EESECERI

1) Habitat tile

2) Custom-built stainless-steel cage > @ | <— Clear polycarbonate
Y N panels with varying

number of holes

(@ 40mm)

Stainless steel cage
with slots for panels

Complex concrete tile
. ._*/ P

o# -—— Stainless steel bolts

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




Species richness versus immigration
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Species richness versus immigration

Classic model Novel model
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Strengths:
e A true prediction
e Predicts functional form

e Could have been substantially wrong—risky experiment

Weaknesses:
e Model still has three fitted parameters
 Only one pattern
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Can we reconcile the classic
triphasic mainland species—
area relationship with the
island species—area
relationship and the “small-
island effect”?
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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.




Mangroves
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V. Rull, The Caribbean mangroves: An Eocene innovation with no Cretaceous precursors. Earth-Sci. Rev. 231, 104070 (2022).


Mangroves

.\ -.# . t.
¢ ™
- LS
re % ¢
) H
e § o

Chisholm, Fong, Friess & Rovai Oikos 2025



Species richness

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

Indo-Western Pacific
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Implications

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

e Experimental and observational data suggests niche
diversity is usually low (<10)

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