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Abstract

ARTICLES

Species’ ecology and evolution can have strong effects on communities. Both may change concurrently when species
colonize a new ecosystem. We know little, however, about the
combined effects of ecological and evolutionary change on
https://doi.org/10.1038/s41559-017-0402-5
community structure. We simultaneously examined the effects of top-predator ecology and evolution on freshwater
community parameters using recently evolved generalist and specialist ecotypes of three-spine stickleback (Gasterosteus
aculeatus). We used a mesocosm experiment to directly examine the effects of ecological (fish presence and density) and
evolutionary (phenotypic diversity and specialization) factors on community structure at lower trophic levels. We evaluated
zooplankton biomass and composition, periphyton and phytoplankton chlorophyll-a concentration, and net primary
production among treatments containing different densities and diversities of stickleback. Our results showed that both
ecological and evolutionary differences in the top-predator affect different aspects of community structure and
composition. Community structure, specifically the abundance of organisms at each trophic level, was affected by
stickleback presence and density, whereas composition of zooplankton was influenced by stickleback diversity and
specialization. Primary productivity, in terms of chlorophyll-a concentration and net primary production was affected by
ecological but not evolutionary factors. Our results stress the importance of concurrently evaluating both changes in density
and phenotypic diversity on the structure and composition of communities.

The ecological importance of intraspecific
variation

2018

Simone Des Roches! !1*, David
M. Post2, Nash E. Turley3, Joseph K. Bailey4, Andrew P. Hendry5,
Citation:Des Roches S, Shurin JB, Schluter D, Harmon LJ (2013) Ecological and Evolutionary Effects of Stickleback on Community Structure. PLoS ONE 8(4):
6
e59644. doi:10.1371/journal.pone.0059644
Michael T. Kinnison , Jennifer A. Schweitzer4 and Eric P. Palkovacs1
Editor:Adam Siepielski, University of San Diego, United States of America

Received October 29, 2012; Accepted February 16, 2013; Published April 3, 2013

… and to the authors of
the papers included in
our meta-analysis who
provided their raw data

Copyright:! 2013 Des Roches et al. This is an open-access article distributed under the terms of the Creative Commons Attribution License, which permits
Human activity is causing wild populations
traitinchange
andprovided
localthe
extirpation.
resulting
effects on intraunrestrictedto
use,experience
distribution, andrapid
reproduction
any medium,
original author The
and source
are credited.
specific variation could have substantial
consequences for ecological processes and ecosystem services. Although researchers
Funding:Financial support for this study was supplied by Natural Sciences and Engineering Research Council of Canada (NSERC). The funders had no role in
have long acknowledged that variation
among
speciesandinfluences
the
surrounding
environment,
study design,
data collection
analysis, decision
to publish,
or preparation
of the manuscript. only recently has evidence
accumulated for the ecological importance
ofInterests:The
variationauthors
within
species.
Wenoconducted
a meta-analysis
comparing the ecological
Competing
have
declared that
competing interests
exist.
effects of variation within a species* (intraspecific
effects) with the effects of replacement or removal of that species (species
E-mail: simone.desroches@gmail.com
effects). We evaluated direct and indirect ecological responses, including changes in abundance (or biomass), rates of ecological processes and changes in community composition. Our results show that intraspecific effects are often comparable to,
of communities.
examine the community-wide
Introduction
and sometimes stronger than, species
effects. Species effects tend to be larger for directstructure
ecological
responsesHere
(forweexample,
effects
of a topresponses
predator, the
three-spine
stickleback (Gasterosteus
through consumption), whereas intraspecific
effects
and
species
effects
tend
to
be
similar
for
indirect
(for
example,
Evidence that species’ phenotypic diversity and composition
aculeatus), on organisms at lower trophic levels that result from its
through trophic cascades). Intraspecific
are especially
when indirect
interactions
alter community composition.
influenceeffects
the structure
of ecosystemsstrong
is accumulating
[1,2,3,4,5].
presence and density (ecology) and its specialization and speciation
Our results summarize data from Until
the first
generation
thecontemporelative ecological
effects of intraspecific variarecently,
however, of
thisstudies
work hasexamining
mostly ignored
(evolution). Recent work by Harmon et al. [3] has shown the
rary the
evolution,
ecological and
tion. Our conclusions can help inform
designpresuming
of futurethat
experiments
and evolutionary
the formulation
of strategies
to quantify
and
importance
of stickleback
speciation
andcontrophic specialization on
processes occur over dramatically different time scales [6,7].
serve biodiversity.
ecosystem parameters. Here we add to the findings of that

Increasing evidence for rapid evolution over the order of a few
research by evaluating the importance of these evolutionary effects
generations [6,8,9,10,11,12] has made it clear that ecological and
in the context of the potentially larger effects of changing
evolutionary time scales overlap broadly [6,9,13,14,15,16], and
stickleback
density. We
Specifically,
we simultaneously
investigate
to
intraspecific
trait
variation
within species?’
address this
quescologists have long studied how organisms
affect
their
environthat both ecological and evolutionary factors can have strong
ecologicalof(fish
presence andstudies
density)to
and
evolutionary (phenotypic
ments. Early research focused oneffects
the ecological
effects
of
keytion
by
conducting
a
meta-analysis
experimental
deteron communities, even over short periods of time. For
diversity and specialization) effects on community structure and
stone, invasive, foundation and dominant
species1–3.studies
The results
mine
the relative
importance of intraspecific variation
example, ecological
show how
predator
presenceecological
and
composition. The goal of our study was to compare the magnitude
density
influence
lowerortrophic
levels [17,18,19,20,21].
Evolutionof experiments in which focal species
were
removed
replaced
(replacement of
one genotype,
phenotype
or ecotypestructure
with another)
of change
in community
driven by evolutionary distudies demonstrate
trophic compared
ecology within
predator
with another species prompted the ary
discovery
that certainhow
species
witha the
effects ofversification
species presence
(removal
or replace(recently shown
by Harmon
et al. [3]) to that brought
1,2
population
is
affected
by
among-population
variation
in
life
history
strongly influence community structure and ecosystem function . ment with another species).about by differences in fish density due to the well-established
[22,23],
age
structure
[23],
and
ontogeny
[24].
A
few
studies
have
Subsequent research largely focused on diversity at the species level.
Understanding the ecological
effectsofoftrophic
intraspecific
mechanisms
cascades.variation is
further characterized the dynamic feedback loops between

E

Number of studies

b

se

ffe
c

ts

Larger intraspecific
effects

67

sp
ec
ie

3

4

4

3

ifi
c≈

29

68

sp
ec

69

ra

70

In
t

Intraspecific effects

2

34
35
36
example,
walkingstick
insects
,
salamanders
and
copepods
);
Table 1 | Characteristics of studies (by author) included in our meta-analysis, including focal species, species ('replacement'
versus 'removal')
and intraspecific
treatments, and
categorization of all response
measured
as 'direct' oreffects,
'indirect' and as
however,
to compare
intraspecific
effectsvariables
against
species
'abundance', 'rate' or 'composition'
we limit our meta-analysis
to experiments that alsoResponse
measured the
Study
Treatments
overall
to speciesDirect
presence (that
or
Focal ecological
species
Speciesresponses
Intraspecific
Indirectis, removal Type
;
Gasterosteus
Removal
Ecotypes or
N, PO
, NH , DOC, studies
NO , phytoplankton
and
Abundance
Ingram et al.
replacement
with
another species).
We
include
that targeted
Des Roches
aculeatus
populations
DO concentration;
periphyton chlorophyll
different
focal species at different trophic
levels concentration;
in different
et al. ; Rudman
(threespine
benthic invertebrate,
rotifer, habiet al. ; Rudman
stickleback)
zooplankton biomass bacteria number and
tats
(Fig. 1a). Our analysis generalizesandacross
diverse
response
variand Schluter
;
number
biomass;
light, macrophyte
Matthews et al.
percentage
ables, such as population abundance, rates of ecological
processes
Decomposition rate
Rate
and community composition at different
In addition,
Benthic trophic
invertebrate, levels.
Rotifer, phytoplankton,
Composition
zooplankton richness bacteria richness
we incorporate
both directLife(consumption
or excretion)
and indirect
Post et al. ;
Alosa
Removal
history
Zooplankton length
Filtered, edible chlorophyll
Abundance
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and
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concentration
interactions
(mediated through another organism or nutrient ). We
Post ; Howeth
(alewife)
et al.
predict that ecological effects of phenotypic trait variation across
Zooplankton richness Phytoplankton richness and Composition
species can be extended to trait variation
within species.
Therefore,
and diversity
diversity
Royauté and
Pardosa milvina
Removal
Personality
Arthropod prey
Abundance
we expect
intraspecific
effects
to be similar
in magnitude to species
Pruitt
(wolf spider)
number
effects
aRemoval
range of ecological
response
variables.
Katano
Zaccoacross
platypus
Ecotypes
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Poecillia reticulata Removal

(trinidadian
Results
guppy)

Populations

number

concentration

DO concentration;
benthic invertebrates,
zooplankton, algae
biomass and
number

Biomass specific
productivity

Estimation of Hedges’ g. Our results summarize data from 25 different studies, which together focus on
12 genera Decomposition
at 3 trophic
levels
Algae accrual, PO
rate, NO
Rate
excretion; N, PO ,
flux
(Fig. 1a and Supplementary Fig. 1). Our
results show species effects
NH flux
0.39species
standard
than intraspecific effects
Hargrave etto
al. ;beDaphnia
Removal ordeviations
Clones or(s.d.)
strains larger
DO concentration;
Abundance
Walsh et al. ;
(water flea)
replacement
chlorophyll biomass
confidence
intervals (CIs) that do not overlap zero (Hedges’
Chislock et with
al.
(congener)
rate
Rate
g ± 0.25 95% CI, Z-score = 3.16, P = 0.0016; Fig. Clearance
2). Although
sigHazard et al.
Laccaria bicolor
Replacement
Genotypes
N, PO , NH , DOC,
Abundance
nificant,
0.3concentration
demonstrates that the dif(bicolouran effect
(distant size
relative)slightly above NO
deceiver
in soil, shoots and
ference
between species effects and intraspecific
effects is small in
mushroom)
roots; root and shoot
productivity
38
magnitude
. Of the 146 responses
that
we include in the analysis,
McArt et al.
Oenothera biennis Replacement
Genotypes
Arthropod richness
Composition
(monoculture
means)
40% (primrose)
show larger
species
effects (g > 0.3), 35% show similar intraspeCrutsinger et al. ; Solidago altissima Replacement
Pollinator number
Abundance
cific (goldenrod)
and species
effects (−Genotypes
0.3 ≤ g ≤ 0.3)
and 25% show larger intraGenung et al.
(congener)
decay
Rate
specific effects (g < −0.3). When we estimated the Mass
average
effect size
Bowatte et al.
Lolium perenne
Replacement
Parental conditions
Nitrification
Rate
by study,
56% of
therelative)
25 studies showed larger species effects (g > 0.3),
(ryegrass)
(distant
capillarissimilar intraspecific and species effects
Nitrification
Rate
36% Agrostis
showed
(−0.3 ≤ g ≥ 0.3)
(browntop)
and
8% showed
larger intraspecific
effects
(g < −Microbe
0.3).biomass;
Almost
half
Shuster et al.
;
Populus
species
Replacement
Genotypes
N, C soil percentage;
C, N,
Abundance
Schweitzer et al. ; (cottonwood)
(congener)
arthropod abundance, phospholipid fatty acid
of the studies examined contain
at production,
least one
response
with a
Lojewski et (48%)
al. ;
biomass
concentration
in microbes
Schweitzer et al. ;
belowground C
(g < −0.3) intraspecific effect. allocation
Lojewski et larger
al.
Annual
N flux
Annual
nitrification
Rate
Our base model includes both focal
species
and
study
as nested
Arthropod community Microbe phospholipid
Composition
random effects, but only study explains
significant
composition
(NMDS) fattyvariation
acid composition in the
(NMDS)
data (σ2species estimate = 0.00; σ2study estimate = 0.37),
suggesting considerable differences across studies, but not necessarily across focal
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DOC, dissolved organic carbon; DO, dissolved oxygen; NMDS, non-metric multidimensional scaling, a measure of community composition.
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