
P
os
te
d
on

A
u
th
or
ea

4
O
ct

20
22

—
T
h
e
co
p
y
ri
gh

t
h
ol
d
er

is
th
e
au

th
or
/f
u
n
d
er
.
A
ll
ri
g
h
ts

re
se
rv
ed
.
N
o
re
u
se

w
it
h
ou

t
p
er
m
is
si
on

.
—

h
tt
p
s:
//
d
oi
.o
rg
/1
0.
22
54
1/
au

.1
66
48
88
62
.2
87
62
63
0/
v
1
—

T
h
is

a
p
re
p
ri
n
t
an

d
h
a
s
n
o
t
b
ee
n
p
ee
r
re
v
ie
w
ed
.
D
a
ta

m
ay

b
e
p
re
li
m
in
a
ry
.

The ecological causes of functional distinctiveness in communities

François Munoz1, Christopher Klausmeier2, Pierre Gaüzère3, Gaurav Kandlikar4, Elena
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Abstract

Although how rare species persist in communities is a major ecological question, the critical phenotypic dimension of rarity is

broadly overlooked. Recent work has shown that evaluating functional distinctiveness, the average trait distance of a species to

other species in a community, offers essential insights into biodiversity dynamics, ecosystem functioning, and biological conser-

vation. However, the ecological mechanisms underlying the persistence of functionally distinct species are poorly understood.

Here we propose a heterogeneous fitness landscape framework, whereby functional dimensions encompass peaks representing

trait combinations that yield positive intrinsic growth rates in a community. We identify four fundamental causes leading to the

persistence of functionally distinct species in a community. First, environmental heterogeneity or alternative phenotypic designs

can drive positive population growth of functionally distinct species. Second, sink populations with negative growth can deviate

from local fitness peaks and be functionally distinct. Third, species found at the margin of the fitness landscape can persist but

be functionally distinct. Fourth, biotic interactions (either positive or negative) can dynamically alter the fitness landscape. We

offer examples of these four cases and some guidelines to distinguish among them. In addition to these deterministic processes,
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we also explore how stochastic dispersal limitation can yield functional distinctiveness.
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