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Community diversity controls ecosystem function, but the supply 
and replacement of that diversity is ultimately controlled by evolu-
tion. Integrating community processes with evolutionary opportu-
nity is therefore central to understanding the future of biodiversity 
in a changing world. Losos (1996) pointed this out over two decades 
ago when he showed that we cannot infer mechanisms of community 
assembly and coexistence without accounting for the evolutionary 
history constraining the pool of species available to be assembled. 
There was already evidence that regional species richness could con-
strain community species richness (Cornell & Harrison, 2014; Cornell 
& Lawton, 1992; Ricklefs, 1987), but Losos’ point spurred new in-
terest in thinking about evolutionary constraints on species’ traits 
in relation to community assembly. Using the assumption of niche 
conservatism, a community phylogeny could be used to account for 
evolution and provide a proxy for ecological similarity among spe-
cies (Webb, Ackerly, McPeek, & Donoghue, 2002). This resulted 
in an explosion of tests of whether communities are composed of 
closely related species similarly filtered by the environment, or dis-
tantly related species avoiding competitive exclusion by using differ-
ent resources. However, in systems where much of the community 
being assembled is drawn from a single lineage that lends itself to 
careful understanding of trait evolution, it was soon clear that spe-
cies like oaks (Cavender-Bares, 2019) and anoles (Losos et al., 2003) 
could evolve convergently to fill available niches. Thus, close rela-
tives cannot be assumed to be the most similar in any particular trait. 
Furthermore, the failure of close relatives to co-occur locally could 
simply be the expected signature of allopatric speciation (Pigot & 
Etienne, 2015; Warren, Cardillo, Rosauer, & Bolnick, 2014) or recent 
divergence in micro-habitats (Anacker & Strauss, 2014).

So how do we better integrate evolution with community ecol-
ogy, given this complexity? One major answer is the idea of a ‘model 
lineage’ (Cavender-Bares, 2019), where assembling both evolution-
ary and ecological information about an important group of relatives 
(like oaks) lets us accurately test questions about the interplay of 
diversification and coexistence. In this issue of Functional Ecology, 

Starko and Martone (2020) present the evolution and ecology of 
kelps (a group of large marine brown algae), providing an excellent 
first example of a marine ‘model lineage’. These authors have traced 
the diversification of kelps through the evolutionary opportunities 
of the last 30 million years (Starko et al., 2019) and into the com-
position of contemporary communities on the eastern Pacific coast 
(Starko & Martone, 2020). Unlike many marine systems composed of 
invertebrates from deeply diverged phyla, where important interac-
tions between very distant relatives make it difficult to test commu-
nity interactions in an evolutionary framework (Wilcox, Schwartz, & 
Lowe, 2018), kelps have excellent potential as a model lineage for the 
ocean. The relatively recent history of diversification in this system 
is much more likely to be influenced by the same selection pressures 
and environmental gradients relevant for communities observed 
today, offering important opportunities to do truly integrative work 
on how species interactions alter evolution (Weber, Wagner, Best, 
Harmon, & Matthews, 2017) and how evolution shapes species in-
teractions (Cavender-Bares, Kozak, Fine, & Kembel, 2009; Gerhold, 
Cahill, Winter, Bartish, & Prinzing, 2015; Haloin & Strauss, 2008).

Using traits, a phylogeny and community data, Starko and Martone 
(2020) show that kelp species are filtered by their wave tolerance 
into communities along a wave exposure gradient. Using specific 
traits with known functional consequences (Starko & Martone, 2016) 
strengthens this conclusion relative to analyses of general similarity 
in community members (Kraft et al., 2015). Then, using ancestral trait 
reconstructions and tests for phylogenetic signal (the correspon-
dence between time for divergence and actual divergence in traits), 
the authors show that these wave tolerance traits have evolved con-
vergently across the kelp phylogeny. This convergent evolution is 
shaped by clear morphological trade-offs, which are central to under-
standing the evolution of niche specialization in any system (Poisot, 
Bever, Nemri, Thrall, & Hochberg, 2011). Kelps can adapt to deal 
with (a) the stress of higher flow and potential dislodgement, either 
by streamlining their morphology or by investing more energy in the 
holdfast (Starko & Martone, 2016), or (b) with the stress of still water 
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and boundary layers that make the uptake of CO2 and nutrients more 
difficult (Starko, Claman, & Martone, 2015). As with oaks (Cavender-
Bares, Ackerly, Baum, & Bazzaz, 2004), repeated evolution of these 
strategies across the phylogeny results in the co-occurrence of dis-
tant relatives in locations with the same stressors.

As we start to assemble a broader range of ‘model lineages’ across 
ecosystems, we can better ask questions about the general rates 
and constraints of evolution to fill environmental (beta) versus local 
(alpha) niches. In the few examples starting to accumulate, traits re-
lated to environmental tolerances can be more conserved (Ackerly, 
Schwilk, & Webb, 2006; Silvertown, Dodd, Gowing, Lawson, & 
McConway, 2006), or less conserved (Cavender-Bares et al., 2004; 
Emery et al., 2012) than those related to local resource partitioning. 
This results in the occupancy of stressful habitats either by a few 
close relatives that can tolerate conditions (Best & Stachowicz, 2014; 
Kembel & Hubbell, 2006) or convergent specialists from many 
branches of the phylogeny (Savage & Cavender-Bares, 2012). In kelps, 
the repeated evolution of wave tolerance could have been facilitated 
by the availability of wave-swept niches at the time of their radia-
tion (Fukami, 2015; Tanentzap et al., 2015), or patterns of dispersal 
(Verbruggen et al., 2009), or the relative physiological flexibility of 
specific traits needed for withstanding wave stress versus accessing 
light locally available in a multi-species assemblage. Having a greater 
diversity of systems to test these hypotheses is important because 
it should help us predict how evolution might contribute new bio-
diversity to fill new environmental niches opened by anthropogenic 
change.

In addition to their interesting evolutionary history, kelps also 
serve an important role as exclusive providers of really three-dimen-
sional marine forest habitat, feeding herbivores and mediating trophic 
interactions (Steneck et al., 2002). This means that a single lineage 
captures the full community of foundation species even more so 
than oaks, which interact with other angiosperms and gymnosperms 
(Cavender-Bares, Keen, & Miles, 2006). A model lineage in this con-
text offers some very interesting opportunities to explore evolutionary 
interactions between kelps and invertebrate herbivores, which have 
preferences for different kelp morphologies as habitat (Stelling-Wood, 
Gribben, & Poore, 2020) and food (Rhoades, Best, & Stachowicz, 2018) 
and in turn impact producer performance (Poore et al., 2012). Given 
that kelps exhibit evolutionary trade-offs between fast growth and 
defended growth that in some ways parallel those in terrestrial plants 
(Starko & Marone, 2020), there is great potential for the study of co-di-
versification across trophic levels in kelp-associated systems, as well 
as the consequences of ecosystem evolution for ecosystem function 
(Srivastava, Cadotte, MacDonald, Marushia, & Mirotchnick, 2012). 
Whether we are interested in the future links between diversity and 
ecosystem health, or in making more accurate conclusions about the 
forces shaping coexistence versus extirpation today, systems offering 
integrated insight about the sources and consequences of biodiversity 
are extremely valuable.

ORCID
Rebecca J. Best  https://orcid.org/0000-0003-2103-064X 

R E FE R E N C E S
Ackerly, D. D., Schwilk, D. W., & Webb, C. O. (2006). Niche evolution and 

adaptive radiation: Testing the order of trait divergence. Ecology, 87, 
S50–S61. https://doi.org/10.1890/0012-9658(2006)87[50:NEAAR 
T]2.0.CO;2

Anacker, B. L., & Strauss, S. Y. (2014). The geography and ecology of 
plant speciation: Range overlap and niche divergence in sister spe-
cies. Proceedings of the Royal Society B: Biological Sciences, 281(1778). 
https://doi.org/10.1098/rspb.2013.2980

Best, R. J., & Stachowicz, J. J. (2014). Phenotypic and phylogenetic 
evidence for the role of food and habitat in the assembly of com-
munities of marine amphipods. Ecology, 95, 775–786. https://doi.
org/10.1890/13-0163.1

Cavender-Bares, J. (2019). Diversification, adaptation, and community 
assembly of the American oaks (Quercus), a model clade for integrat-
ing ecology and evolution. New Phytologist, 221, 669–692.

Cavender-Bares, J., Ackerly, D. D., Baum, D. A., & Bazzaz, F. A. (2004). 
Phylogenetic overdispersion in Floridian oak communities. The 
American Naturalist, 163, 823–843. https://doi.org/10.1086/386375

Cavender-Bares, J., Keen, A., & Miles, B. (2006). Phylogenetic structure of 
Floridian plant communities depends on taxonomic and spatial scale. 
Ecology, 87, S109–S122. https://doi.org/10.1890/0012-9658(2006)87 
[109:PSOFP C]2.0.CO;2

Cavender-Bares, J., Kozak, K. H., Fine, P. V. A. A., & Kembel, S. W. (2009). 
The merging of community ecology and phylogenetic biology. Ecology 
Letters, 12, 693–715. https://doi.org/10.1111/j.1461-0248.2009. 
01314.x

Cornell, H. V., & Harrison, S. P. (2014). What are species pools and 
when are they important? Annual Review of Ecology, Evolution, and 
Systematics, 45, 45–67.

Cornell, H. V., & Lawton, J. H. (1992). Species interactions, local and re-
gional processes, and limits to the richness of ecological communi-
ties – A theoretical perspective. Journal of Animal Ecology, 61, 1–12. 
https://doi.org/10.2307/5503

Emery, N. C., Forrestel, E. J., Jui, G., Park, M. S., Baldwin, B. G., & Ackerly, 
D. D. (2012). Niche evolution across spatial scales: Climate and hab-
itat specialization in California Lasthenia (Asteraceae). Ecology, 93, 
S151–S166.

Fukami, T. (2015). Historical contingency in community assembly: 
Integrating niches, species pools, and priority effects. Annual 
Review of Ecology, Evolution, and Systematics, 46, 1–23. https://doi.
org/10.1146/annur ev-ecols ys-11041 1-160340

Gerhold, P., Cahill, J. F., Winter, M., Bartish, I. V., & Prinzing, A. (2015). 
Phylogenetic patterns are not proxies of community assembly mech-
anisms (they are far better). Functional Ecology, 29, 600–614. https://
doi.org/10.1111/1365-2435.12425

Haloin, J. R., & Strauss, S. Y. (2008). Interplay between ecological com-
munities and evolution. Annals of the New York Academy of Sciences, 
1133(1), 87–125. https://doi.org/10.1196/annals.1438.003

Kembel, S. W., & Hubbell, S. P. (2006). The phylogenetic structure of a 
neotropical forest tree community. Ecology, 87, S86–S99. https://doi.
org/10.1890/0012-9658(2006)87[86:TPSOA N]2.0.CO;2

Kraft, N. J. B. B., Adler, P. B., Godoy, O., James, E. C., Fuller, S., & Levine, 
J. M. (2015). Community assembly, coexistence and the environmen-
tal filtering metaphor. Functional Ecology, 29, 592–599. https://doi.
org/10.1111/1365-2435.12345

Losos, J. B. (1996). Phylogenetic perspectives on community ecology. 
Ecology, 77, 1344–1354. https://doi.org/10.2307/2265532

Losos, J. B., Leal, M., Glor, R. E., de Queiroz, K., Hertz, P. E., Rodríguez 
Schettino, L., … Larson, A. (2003). Niche lability in the evolution of 
a Caribbean lizard community. Nature, 424(6948), 542–545. https://
doi.org/10.1038/natur e01814

Pigot, A. L., & Etienne, R. S. (2015). A new dynamic null model for phylo-
genetic community structure. Ecology Letters, 18, 153–163. https://
doi.org/10.1111/ele.12395

https://orcid.org/0000-0003-2103-064X
https://orcid.org/0000-0003-2103-064X
https://doi.org/10.1890/0012-9658(2006)87[50:NEAART]2.0.CO;2
https://doi.org/10.1890/0012-9658(2006)87[50:NEAART]2.0.CO;2
https://doi.org/10.1098/rspb.2013.2980
https://doi.org/10.1890/13-0163.1
https://doi.org/10.1890/13-0163.1
https://doi.org/10.1086/386375
https://doi.org/10.1890/0012-9658(2006)87[109:PSOFPC]2.0.CO;2
https://doi.org/10.1890/0012-9658(2006)87[109:PSOFPC]2.0.CO;2
https://doi.org/10.1111/j.1461-0248.2009.01314.x
https://doi.org/10.1111/j.1461-0248.2009.01314.x
https://doi.org/10.2307/5503
https://doi.org/10.1146/annurev-ecolsys-110411-160340
https://doi.org/10.1146/annurev-ecolsys-110411-160340
https://doi.org/10.1111/1365-2435.12425
https://doi.org/10.1111/1365-2435.12425
https://doi.org/10.1196/annals.1438.003
https://doi.org/10.1890/0012-9658(2006)87[86:TPSOAN]2.0.CO;2
https://doi.org/10.1890/0012-9658(2006)87[86:TPSOAN]2.0.CO;2
https://doi.org/10.1111/1365-2435.12345
https://doi.org/10.1111/1365-2435.12345
https://doi.org/10.2307/2265532
https://doi.org/10.1038/nature01814
https://doi.org/10.1038/nature01814
https://doi.org/10.1111/ele.12395
https://doi.org/10.1111/ele.12395


2014  |    Functional Ecology BEST

Poisot, T., Bever, J. D., Nemri, A., Thrall, P. H., & Hochberg, M. E. 
(2011). A conceptual framework for the evolution of ecolog-
ical specialisation. Ecology Letters, 14, 841–851. https://doi.
org/10.1111/j.1461-0248.2011.01645.x

Poore, A. G. B., Campbell, A. H., Coleman, R. A., Edgar, G. J., Jormalainen, 
V., Reynolds, P. L., … Duffy, J. E. (2012). Global patterns in the impact 
of marine herbivores on benthic primary producers. Ecology Letters, 
15, 912–922. https://doi.org/10.1111/j.1461-0248.2012.01804.x

Rhoades, O. K., Best, R. J., & Stachowicz, J. J. (2018). Assessing feeding 
preferences of a consumer guild: Partitioning variation among versus 
within species. The American Naturalist, 192, 287–300. https://doi.
org/10.1086/698325

Ricklefs, R. E. (1987). Community diversity: Relative roles of local and 
regional processes. Science, 235, 167–171. https://doi.org/10.1126/
scien ce.235.4785.167

Savage, J. A., & Cavender-Bares, J. (2012). Habitat specialization and the 
role of trait lability in structuring diverse willow (genus Salix) commu-
nities. Ecology, 93, S138–S150.

Silvertown, J., Dodd, M., Gowing, D., Lawson, C., & McConway, K. (2006). 
Phylogeny and the hierarchical organization of plant diversity.  
Ecology, 87, S39–S49. https://doi.org/10.1890/0012-9658(2006) 
87[39:PATHO O]2.0.CO;2

Srivastava, D. S., Cadotte, M. W., MacDonald, A. M., Marushia, R. G., 
& Mirotchnick, N. (2012). Phylogenetic diversity and the func-
tioning of ecosystems. Ecology Letters, 15, 637–648. https://doi.
org/10.1111/j.1461-0248.2012.01795.x

Starko, S., Claman, B. Z., & Martone, P. T. (2015). Biomechanical con-
sequences of branching in flexible wave-swept macroalgae. New 
Phytologist, 206, 133–140. https://doi.org/10.1111/nph.13182

Starko, S., & Martone, P. T. (2016). Evidence of an evolutionary- 
developmental trade-off between drag avoidance and tolerance strat-
egies in wave-swept intertidal kelps (Laminariales, Phaeophyceae). 
Journal of Phycology, 52, 54–63. https://doi.org/10.1111/jpy.12368

Starko, S., & Martone, P. T. (2020). Convergent evolution of niche struc-
ture in Northeast Pacific kelp forests. Functional Ecology. https://doi.
org/10.1101/2020.02.24.963421

Starko, S., Soto Gomez, M., Darby, H., Demes, K. W., Kawai, H., 
Yotsukura, N., … Martone, P. T. (2019). A comprehensive kelp 

phylogeny sheds light on the evolution of an ecosystem. Molecular 
Phylogenetics and Evolution, 136, 138–150. https://doi.org/10.1016/ 
j.ympev.2019.04.012

Stelling-Wood, T. P., Gribben, P. E., & Poore, A. G. B. (2020). Habitat 
variability in an underwater forest: Using a trait-based approach to 
predict associated communities. Functional Ecology, 34, 888–898. 
https://doi.org/10.1111/1365-2435.13523

Steneck, R. S., Graham, M. H., Bourque, B. J., Corbett, D., Erlandson, 
J. M., Estes, J. A., & Tegner, M. J. (2002). Kelp forest ecosys-
tems: Biodiversity, stability, resilience and future. Environmental 
Conservation, 29(4), 436–459. https://doi.org/10.1017/S0376 89290 
2000322

Tanentzap, A. J., Brandt, A. J., Smissen, R. D., Heenan, P. B., Fukami, T., 
& Lee, W. G. (2015). When do plant radiations influence community 
assembly? The importance of historical contingency in the race for 
niche space. New Phytologist, 207, 468–479. https://doi.org/10.1111/
nph.13362

Verbruggen, H., Tyberghein, L., Pauly, K., Vlaeminck, C., Van 
Nieuwenhuyze, K., Kooistra, W. H. C. F., … de Clerck, O. (2009). 
Macroecology meets macroevolution: Evolutionary niche dynam-
ics in the seaweed Halimeda. Global Ecology and Biogeography, 18, 
393–405.

Warren, D. L., Cardillo, M., Rosauer, D. F., & Bolnick, D. I. (2014). 
Mistaking geography for biology: Inferring processes from species 
distributions. Trends in Ecology & Evolution, 29(10), 572–580. https://
doi.org/10.1016/j.tree.2014.08.003

Webb, C. O., Ackerly, D. D., McPeek, M. A., & Donoghue, M. J. (2002). 
Phylogenies and community ecology. Annual Review of Ecology and 
Systematics, 33, 475–505. https://doi.org/10.1146/annur ev.ecols 
ys.33.010802.150448

Weber, M. G., Wagner, C. E., Best, R. J., Harmon, L. J., & Matthews, B. 
(2017). Evolution in a community context: On integrating ecological 
interactions and macroevolution. Trends in Ecology & Evolution, 32, 
291–304. https://doi.org/10.1016/j.tree.2017.01.003

Wilcox, T. M., Schwartz, M. K., & Lowe, W. H. (2018). Evolutionary 
community ecology: Time to think outside the (taxonomic) box. 
Trends in Ecology & Evolution, 33, 240–250. https://doi.org/10.1016/ 
j.tree.2018.01.014

https://doi.org/10.1111/j.1461-0248.2011.01645.x
https://doi.org/10.1111/j.1461-0248.2011.01645.x
https://doi.org/10.1111/j.1461-0248.2012.01804.x
https://doi.org/10.1086/698325
https://doi.org/10.1086/698325
https://doi.org/10.1126/science.235.4785.167
https://doi.org/10.1126/science.235.4785.167
https://doi.org/10.1890/0012-9658(2006)87[39:PATHOO]2.0.CO;2
https://doi.org/10.1890/0012-9658(2006)87[39:PATHOO]2.0.CO;2
https://doi.org/10.1111/j.1461-0248.2012.01795.x
https://doi.org/10.1111/j.1461-0248.2012.01795.x
https://doi.org/10.1111/nph.13182
https://doi.org/10.1111/jpy.12368
https://doi.org/10.1101/2020.02.24.963421
https://doi.org/10.1101/2020.02.24.963421
https://doi.org/10.1016/j.ympev.2019.04.012
https://doi.org/10.1016/j.ympev.2019.04.012
https://doi.org/10.1111/1365-2435.13523
https://doi.org/10.1017/S0376892902000322
https://doi.org/10.1017/S0376892902000322
https://doi.org/10.1111/nph.13362
https://doi.org/10.1111/nph.13362
https://doi.org/10.1016/j.tree.2014.08.003
https://doi.org/10.1016/j.tree.2014.08.003
https://doi.org/10.1146/annurev.ecolsys.33.010802.150448
https://doi.org/10.1146/annurev.ecolsys.33.010802.150448
https://doi.org/10.1016/j.tree.2017.01.003
https://doi.org/10.1016/j.tree.2018.01.014
https://doi.org/10.1016/j.tree.2018.01.014

