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Communicated by Thomas W. Schoener, University of California, Davis, CA, December 21, 2009 (received for review August 6, 2009)

y 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,itisnot possible in most systems to discriminate spatial patterns
factor in medlatlng the regional assembly of the Danish awfauna generated by spec1es interactions from those caused by historical

Paine 1966, 1969 Am Nat, Gotelli et a.I. 2010 PNAS, Araujo & Luoto 2007 GEB
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Carpinteria salt r;qarshfood web, Lafferty|et al /2006,
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Modified Fig. 2 in Chamberlain et al. 2014 Ecol. Lett.
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Patterns in species co-occurrence
as signals of species interactions

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

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



PUERTO RICAN
EMERALD

ANTILLEAN
MANGO

Sowthern Lesser

ANTILLEAN
CRESTED
HUMMINGRIRD

PURPLE-
THROATED CARIR
CARIB

RUFOUS-
BREASTED
HERMIT

BLUE-HEADED
HUMMINGEIRD

PUERTOD
RICAN TODY

IAMAICAN
TODY

NARROW-BILLED
Tany

CUBAN TROGON

HISPANIOLAN
TROGON

Diamond 1975, Connor & Simberloff 1979, Blois et al. in press Ecography
lllustrations: Raffaele et al. Birds of the West Indies



PUERTD
RICAN TODY

PUERTO RICAN
g ALK ANTILLEAN
MANGO

0.0

(A) 10 ——
TR el :
| ! ro . ..‘\ ‘. S
f 1 ll .l J." ‘\ '; T
D.B_ ] [ Y Fl |+ (o te M V24
) VLA -~ aggregated (“positive”) ..
2 If g SN . !‘f
= 0.6+ Y ) ;’ \ g "
o i ' VT /!
c | [ v/ A~ i
o I A I e A ;
4= * ¥ - '
S 0.4 : | ff \ N \‘\ ~ P
Q. ol ‘, ~ , d “ . ” - 0 T~ .
2 Lo ; segregated (“negative”) -,
‘I L i ! ~ ’.____,..--\ e rd
! " / )
0.2 | v i ‘ \\ // N // _
| I “ / \ e Random (proportion of total)
| .: '|1 / s =" \\', — — - Segregated (proportion of significant)
| ! / - - - - Aggregated (proportion of significant)
] I | I I I I | | | I I | I I | 1 I I I I
1 17 16 15 14 13 12 11 10 9 B 7 5] 5 4 3 2 1 0

RUFOUS-
BREASTED HISPANIOLAN
HERMIT TROGON

Diamond 1975, Connor & Simberloff 1979, Blois et al. in press Ecography
lllustrations: Raffaele et al. Birds of the West Indies

BLUE-HEADED
HUMMINGEIRD



Are there non-random patterns of

species co-occurrence?

Do patterns of species co-occurrence change in
different spatial/environmental contexts?






Latitude (*N)

46

45

43

42

Cape Foulweather

Cape Blanco

Fogarty Creek (FC)

Boiler Bay (BB)
Manipulation Bay (MB)

Yachats Beach (YB)
Strawberry Hill (SH) —
Tokatee-Klootchman (TK)

Cape Blanco North (CBN)

Port Orford Heads (POH)
Rocky Point (RP)

)

-126 -125

-124 -123 -122

Longitude (*W)

4471 B

128W 127w 1ZeW 125W 124w 122



Latitude (*N)

46

45

44

43

42

Cape Blanco

Cape Foulweather

-126 -125

-124
Longitude (*W)




Latitude (*N)

46

45

44

43

42

Cape Foulweather

Cape Blanco

-126 -125 -124 -123 -122
Longitude (*W)




Latitude ("N)




Latitude ("N)




Multivariate regression approach

* |nput:
— presence/absence matrix of species

— environmental matrix

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

e 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



Need to account for habitat preferences

* currents
e temperature
e water retention

 phytoplankton abundance
* nutrient availability
e substrate heterogeneity



Are there non-random patterns of

species co-occurrence?

Do patterns of species co-occurrence change in
different spatial/environmental contexts?



Are there non-random
co-occurrences overall?

Yes, do see residual co-occurrences in all contexts!
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Are there non-random patterns of

species co-occurrence?

Do patterns of species co-occurrence change in
different spatial/environmental contexts?

Oceanographic regions
Wave exposure



Environmental and spatial contexts
of the Oregon coast
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Are there non-random patterns of

species co-occurrence?

Do patterns of species co-occurrence change in
different spatial/environmental contexts?

Oceanographic regions
Wave exposure
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Do patterns of species co-occurrence change in
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Are there non-random patterns of

species co-occurrence?

Do patterns of species co-occurrence change in
different spatial/environmental contexts?

Oceanographic regions

Wave exposure
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Are there predictable context-dependencies

Abiotic Environment:
Temperature, pH, O,.
CO,, precipitation, etc,

I. Environment-Process Theories
Metabolic Theory of Ecology

Macrophysiology
Environmental Stress Models

In species interactions?

3 | Ecological & Evolutionary

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

.

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

Il. Process-Persistence Theories
Metapopulation Theory
Evolutionary Theory
Population Ecology

Fig. 1 from O’Connor et al. 2012 GEB
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Relative importance

Environmental Stress Models and
the Stress Gradient Hypothesis

Stress
Competition amelioration .. :
Predation / Abiotic Preliminary analysis:
l N, ST ESM does not adhere
. ¢\

Y for wave stress or
A thermal stress in this
Associational :
defenses syste m

Low Medium High
Environmental stress

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.



Hypothesis generation & testing

observe communities

experimental test of species interactions






