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‘The role of disturbance'in

‘marine community dynamics




Deflnltlon(s)

quence of provilng direct or indirect
opportunities to new |nd|V|duaIs for settlement or development gousa 1984
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Before tﬁe event ~ U After the event Disturbance

(e.g., storm) o

It refers'to the damage itself, that is, the effect (impact) of some external agent
or force. Sousa 2001




Definition(s)

or populations, limiting resources w“v |'ng the substrate or the enwronment
Pickett & White 1985
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Before tﬁe event U After the event
Disturbance

(e.g., storm) o

Disturbance is seen as a physical external force able to modify the system, for
example‘removing organisms and opening patches. It refers to the physical
agent that determine the biological consequences.




Perturbations
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We intend disturbance as any event, which is caused or originates from a
physical, chemical or biological agent, able to produce directly or indirectly
changes (impact) to the system or its components.




The nature of disturbance

Physical dlsturbance r
chemical) agents. For instance, ydr
forces from intense wave action.
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Blologlcal v‘: :
Blologlcal disturbance is-causéd. by organlsms
though finally ascribable to physieal actions.

For instance; the whiplash of Jarge algae.
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Others?

In a wider sense, even predation could be considered as a disturbance, since
it is able to remove large number of individuals and opens free space available
for other organisms. However, it is internal to the system and we should
exclude it from disturbance. The same for diseases, invasions, etc.




Types of disturbance

Sediments
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Storm wave and currents =
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Abrasion
Killing,
breaking,
death

Ice scouring

Volcanic activity
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Types of disturbance

joturba

_ Abrasion,
Burial

—-— ’ injuries
displacement Killing, death
‘Injuries,
- suffocation,
“death

Shading, burial
Suffocation




Characterlstlcs of disturbance
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Intensity:
the strength of disturbance
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the reoccurence of“/‘ rbance
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importance
> of scale

Spatial variability:

Variations in the extent of -
areas affected and dlstrlbutlon
of disturbance

Ecological traits of organisms are importantc orthe imj
potential ;

Regularity of disturbance — adaptation

Catastrophes
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Expected effects under different scenarios
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Temporal variability
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Effects of temporal variance...
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Bertocci et al. 2006



...and intensity




¥
J
| =
=
—_
n
=
[
=
3
=
L
T
2]
=
=
-
E
=
-

4 At - I

Cﬁanges in temporal variability

a) increasing intensity lead to increasing
temporal variability in assemblage structure

b) Increasing vagiance in disturbance lead to
decreasing'temporal variability

Recovery dynamics are affected
differently by intensity and variance




Effects of temporal variance and |nten5|ty
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Manipulative
transplanting experiment

| 2) Mid (mid-int)

3) Disturbed

4) Translocated

Benedetti-Cecchi et al. 2006
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Experimental design
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Results
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+ Aerial exposure
- Temp. variance
(+ variance)

C. branched algae
.
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- Aerial exposure '
- Temp. variance
(+ variance)

Enhanced by high
variance
Irrespective of
intensity, whereas
regular disturbance
decrease cover

e

Temporal variance may drastically change
the effect of disturbance intensity




IDH
The intermediate distt
Connell (1978) to expla
coral reefs. "

1 — when disturbance is rare (low frequency) and weak (low
intensity), strong competitors win. Species richness is therefore
* redueed. (theassumption is that a hierarchy of competitors exists,
~and strong cB”mpetltors o;cupy the space efficiently).
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%\en disturbance is very intense and frequent, strong
a_w;;.o are reduced or excluded, and new settlers amo
In|ze the space Speaes rlchen .-,-:’ c
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3 —finally, when disturbance regime has intermediate strength
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Patch dynamics
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Recolonization: Ar;’L\éaJ-qf drifting propagules = Recolonization: Vegetative growth from

from-the water colurﬁ? _~~ ~ _ neighbours
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- ’ -‘ -
discrete pieces of substratum tha’g'we?e surrounded by water (isolated patches), and areas
that were cleared within aﬁackground of other sessile organisms (nonisolated patches).
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Non-isolated : Rate of

ricolonization

Keough 1984




Isolation and size

" COMPETITION

The interpaly among dispersal potential, competitiveability, and patch size affect colonization.
In small patches dispersal and settlement are the most inflential processes. In large patches,

instead, it does not matter how. good is your ability to reach the substrate and settle: strong
competitors are favoured




Recovery after disturbance

Algal groups manipulated

Diversity Diversity Fucoids  Foliose Low Average species 8
Treatment  Treatment Reds  abundance  richness (SE)
Code level species

H:+F+R+M high + + + 274 (1.81)
MI1:-F+R+M  moderate _ + + 24.3 (2.00)
M2:+F+R-M  moderate + + _ 18.9 (0.43)
L1:+F-R-M low + _ _ 15.0 (1.02)
L2:-F+R-M low _ + _ 13.3 (0.75)

l "Experlmental removal of
Resistance different groups (Fucoid, Red

Phase Algae, other Macroalgae)

Diversity 1 Resilience phase
press phase

Simulation of thermal stress and
‘dessiccation following heat wave

-4 Species excluded —p

Thermal stress applied/
Diversity press released




Results
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Reduction in biomdss increased with disturbance intensity in general,
but depended on group composition of assemblages. For example,

reduction was lower for red algae.

Recovery depended on the initial diversity and the intensity of disturbance, but this
dependence was strongly related to the characteristics of the species removed. No
additional variations were related to the differences in the number of species




Interactions with biological processes
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tially-killed coral from
i e
e genus Acropora bearing

| eedi'n'é'-?cars left by successive
predation events by

1 Acanthaster:

1) live portion of the colony
bearing the pigmented coral
tissue,

2) freshly killed portion of the
colony deprived of its
pigmented living tissue (<1 day
post-predation),

3) recently killed portion of the
colony covered by early
colonizing algae and
cyanobacteria (~10 days post-
predation),

4) dead portion of the colony
killed long ago and covered by
turf algae (>3 weeks post-
predation).




Nov. 2007

(B) Algae have colonized dead coral skeletons
= | following:severe predation by the seastar
Acanthaster (~10% coral cover).

(C) Mostly dead and weakened coral skeletons
were swept away by a cyclone occurring at the
end of the seastar outbreak and colonizing
algae once again dominate the devastated reef
(~5% coral cover).




Summary

Disturbance is an |

processes such as compet

community assembly

Disturbance begets spatial, temporal and environmental
heterogeneity, and this sustain biodiversity within certain levels

-’ Effects of disturbance depend on its features, such as intensity and

" frequency, bﬁt?patlo temperal variance of perturbations plays also
a crucial role - | -

Recovery after disturbance, and sometimes the effect of
disturbance itself, are strongly related with biological and
ecological traits of species composing disturbed assemblages or
the available divérsity pool

Biological processes, such as predation, though not being proper
distrubance, act similarly and may interact with disturbance
Recovery after disturbance is related to size of disturbed patches
and the potential mechanisms of recolonization or reoccupation




