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Predictability of species distributions

future distribution

present distribution
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Adapted from Araujo et al. 2006



Where do species interactions fit in?
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S, Macroecological signals of species interactions in the
Danish avifauna
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The role of intraspecific and interspecific interactions in structuring ~ continental mainland regions (23). Inferences of community

biotic communities at fine spatial scales is well documented, butthe  assembly rules from statistical analyses of presence/absence data are

signature of species interactions at coarser spatial scales is unclear.  controversial. Even with the use of sophisticated null-model anal-

We present evidence that species interactions may be a significant  yses, it is not possible in most systems to discriminate spatial patterns

factor in mediating the regional assembly of the Danish avifauna.  generated by species interactions from those caused by historical
, - ,

.

Gotelli et al, 2010 PNAS



Incorporating species interactions into SDMs

Clouded Apollo butterﬂy, Parnassius mnemosyne, and host Corydalis plants
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Araujo & Luoto 2007 GEB



Incorporating species interactions into SDMs

Baseline climate . Baseline climate + host plant
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Context-dependency of species interactions

Abiotic Context  Spatial Context Temporal Context
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Modified Fig. 2 in Chamberlain et al. 2014 Ecol. Lett.



Should we ignore this complexity?
What ecological theories do we have to make predictions?

\“ m\“‘“‘/‘ .

T ot ’;!E’ \
m“ SPECIES —
'ﬂ ke INTERACTIONS A

&
=
.




What is the
“theory of climate
change”?

- Chris Harley

2013 WSN Presidential Symposium

Photo: NASA/Kathryn Hansen



How to identify hypotheses for how climate
change affects communities?

Abiotic Environment: | w3 | Ecological & Evolutionary

Temperature, pH, O,.
CO,, precipitation, etc.

I. Environment-Process Theories
Metabolic Theory of Ecology

V1A elela

Environmental Stress Models

Processes:
Dispersal, Plasticity, Evolution,
Population Growth, etc.

Il

Long-term Responses:
Range shifts, Acclimatization,
Adapatation and Extinction.

Il. Process-Persistence Theories
Metapopulation Theory

inlog Evolutionary Theory

Population Ecology

Fig. 1 from O’Connor et al. 2012 GEB



Environmental Stress Models and
the Stress Gradient Hypothesis

.. Stress
Competition amelioration

Predation /_\ Abiotic
l \ stress

Associational A
defenses

Low Medium High
Environmental stress

Relative importance

ESM: Modified Menge-Sutherland model (1987 AmNat) from Bruno et al. 2003 TREE
SGH: Bertness & Callaway 1994 TREE, review in Maestre et al. 2009 J. Ecol.
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Patterns in species co-occurrence
as signals of species interactions

Signal of positive co-occurrence after accounting for habitat preference

Diamond 1975, Connor & Simberloff 1979, Gotelli 2000, Peres-Neto et al. 2001, Ovaskainen et al. 2010



Patterns in species co-occurrence
as signals of species interactions

Signal of negative co-occurrence after accounting for habitat preference

Diamond 1975, Connor & Simberloff 1979, Gotelli 2000, Peres-Neto et al. 2001, Ovaskainen et al. 2010



Do patterns in species co-occurrence change...
In different environmental contexts?
Across environmental stress gradients?

Are patterns detectable at different
spatial scales?



Study system: species mosaic in rocky intertidal low zone
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Intertidal Stress Gradients

wave regime heat load index
(relative wave acceleration) (calculated from slope, aspect™)

*McCune & Keon 2002



Need to account for habitat preferences

e currents:
* temperature:
e water retention:

* phytoplankton abundance:
* nutrient availability:
e substrate heterogeneity



Multivariate regression approach

* |nput:
— presence/absence matrix of species

— environmental matrix

o Account for similarities/differences in habitat
preferences (fundamental niche)

* Qutput:
— matrix of residual correlations among species
(a measure of non-random co-occurrences)

Ovaskainen et al. 2010 Ecology, Golding 2013 PhD Thesis — R package BayesComm



What might this look like?

relative/
absolute
frequency of
positive
co-occurrences

stress gradient

relative/
absolute
frequency of
negative
CO-OCcurrences



What might this look like?

relative/ relative/
absolute absolute
frequency of frequency of
positive negative
co-occurrences co-occurrences
scale

Araujo & Rozenfeld 2014 Ecography



Do patterns in species co-occurrence change...
In different environmental contexts?
Across environmental stress gradients?

Are patterns detectable at different spatial
scales?



Are there non-random
cCo-occurrences overall?

Yes, do see residual co-occurrences at all scales
and at all sites!
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species 2
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Strong negative co-occurrences

Laminaria setchelliiand Laminaria sinclairii
(-0.24, -0.014)



Strong negative co-occurrences

Coralline crust and Erythrophyllum (-0.25, -0.027)



Strong positive co-occurrences

Saccharina recruits with: Schizymenia, Neodilsea, Odonthalia floccosa



ratio of positive : negative

positive
co-occurrence

negative
co-occurrence

environmental stress gradient
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ratio of positive : hegative co-occurrences
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number of residual co-occurrences
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number of residual co-occurrences
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Work-in-progress



Days away: patterns of pairwise
CO-occurrences across gradients

spA&spB
positive
co-occurrence

negative
co-occurrence SpA&spB

environmental stress gradient

See you at ESA? Wednesday, 9:50am, Ballroom A



Need to account
for spatial
structure in the
model
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Incorporating mobile species (consumer-resource
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