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Two contrasting case studies
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With the common theme of
habitat loss
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Caribbean temperature rise and
bleaching
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Gill, J.A., Watkinson, A.R., McWilliams, J.C. & Cété, .M. (2006) Opposing forces of aerosol cooling and El Nifio drive coral bleaching on Caribbean reefs.
Proceedings of the National Academy of Sciences, 103, 18870-18873.



Caribbean coral cover has declined rapidly
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Gardner, T.A., C6té, I.M., Gill, J.A., Grant, A. & Watkinson, A.R. (2003) Long-term region-wide declines in Caribbean corals.
Science, 301, 958-960.



Key guestions

What is happening to the complexity of
Caribbean reefs?

What is the link between coral cover,
complexity and fish community structure?

Has there been a change In fish trajectories
over time?



Measuring rugosity
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1 = flat

3 = very complex



Data collated

Sea rCh for ave rage rugosrty by reef |n: FISH DIVERSITY ON A CORAL REEF IN THE VIRCIN ISLANDS
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Architectural complexity has declined in the
Caribbean

Annual average rugosity

Segmented regression

Collapse of
Acropora skeletons

Loss of bioerosion _
Bleaching and

erosion dead coral

Alvarez-Filip et al (2009) Proc. Roy. Soc. B






What is the link between reef complexity and fishes
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-15 reefs (data aggregated)
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-93 fish species
-Number of spp

20°25'0" N

-Number of individuals

-Biomass
-Trophic level

-Size Structure(slope & intercept) = useful indicator for fish assemblages as many life

history characteristics size in marine fishes and it can be a useful proxy of overall productivity of fish
assemblages

Hierarchical partitioning were used to identify the effect of
different habitat variables on fish assemblages (calculates
goodness of fit using all combinations of independent variables in
the model)



Coral cover — complexity
relationship is complex!
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The ‘identity’ of dominant coral affects the
coral-rugosity relationship

Major reef-building coral

Most co

Montast g
Agaricia

Porites

Short-lived and low
structure corals



Which components of Species richness Abundance
the fish community
are explained by coral
cover & complexity?

IS

o
!
N
o

w
o
w
o
s

N
o
1

contribution (%)

contribution (%)

N
o
=
o
A

o
o
'

[y
o
'

=

o

Biomass Trophiclevel
;\5\ 40 - ;\a 40 -
-Species richness 5 1 s
3 2 3 2
-abundance £ | E

o o B

-biomass R o N BB

210 -10 -

-trophic level

H Intercept pe
-Size spectra ~ ] ~ w0
XX X
< S
é 30 - é 1 g
> % >
2 20 2 20
= = )
S 10 S 10 g
° V4. Ih 1l N WA
0 T T T T = 0 :II_JI R B =
] L]
-10 - -10 -
— X e} Q = B — % ko] % g
S & § ¢ ¢ 5 s & & £ R
S n g &
= =



S91l10d

e1oLehy

20-30 cm
«40-50 cm

L.

©Bal1SIUOIN

o o o o o o
™ N — — ™

paure|dxa aoueLIeA JO 0 paure|dxa aoueLIeA JO 04

saulod

eoLefy

&
&)
o
A
O
—i

*

ﬂ-

ﬂ- _

ﬂ- m
—

©alISIUON

154 o = o o o o o o o o

=} o
N - A ™ Y — — ™ ~ — —

paure|dxa auelIeA JO % paure|dxa aoueLIeA JO 0 paule|dxa soueLIeA JO 0

Coral cover and
complexity IS most
Important for the
recruitment of juvenile
fishes



A In fish <20 cm

Small fish (<20cm max attainable
size) decline as coral lost

Coral depletion index
Graham et al. 2008 PLoS ONE



Recent region-wide decline in reef
fishes
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Paddack, M.J., Reynolds, J.D., Aguilar, C., Appeldoorn, R.S., Beets, J., Burkett, E.W., Chittaro, P.M., Clarke, K., Esteves, R., Fonseca,
A.C. et al. (2009) Recent Region-wide Declines in Caribbean Reef Fish Abundance. Current Biology, 19, 590-595.



Summary

80% decline in coral cover

Collapse of reef and 85% loss of most complex
reefs

Montastrea provides the most complex reefs

Coral cover and complexity has higher
abundance of small size classes of fishes

Region-wide fish collapse — but only recently



Specles and assemblage
responses to climate-induced
habitat loss in the North Sea



1.6°C rise In North Sea bottom
temperatures over last 25 years

North Sea Bottom temperature °C

1980 1985 1990 1995 2000 2005

Year
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Warming in both summer and
particularly winter

Autumn Winter

Difference in mean annual temperature between 1980s and
1990s and 2000s

Dulvy, N.K., S.I. Rogers, S. Jennings, V. Stelzenmiiller, S.R. Dye & H.R. Skjoldal. 2008. Climate change and deepening
of the North Sea fish assemblage: a biotic indicator of regional warming. Journal of Applied Ecology 45: 1029-1039.



Spatial variation in winter bottom
temperature

Cool Period 1983-1987 Warm period 1988 - 2003

Warming greatest in
shallow SE North Sea
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Interannual variability in autumn
Isotherm habitat area



temperature sensitivity of iIsotherms

Spatial extent of thermal habitat (log km?)
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Loss of cold habitats:

2°C isotherm
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Mean winter sea bottom temperature °C



Range expansion of southern
species

bib

Range expansion of
southern species

Perry, Low, Ellis & Reynolds (2005) Climate change and
distribution shifts in marine fishes. Science 308, 1912-1915.




Range contraction of northern fish
species

haddock

Perry et al. (2005) Science



Deepening of North Sea fishes
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Most species are deepening

Decadal change in depth anomaly
(m decade™)
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Gain power relative to noise by
aggregating species distribution
anomalies by traits

Thermal preference & range ( VS. cold,
narrow vs. wide)

Biogeograhic origin (< vs. N)
Life history (small vs. large)

Ecology (abundance & occupancy)
Exploited vs. otherwise



Most assemblages are deepening
except...

Small-bodied, warm-tolerant, non-
target species with Northern range
limit in North Sea
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Rising abundance of small,
Lusitanian, southern species
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Assemblage-wide depth response
to local & regional climate
variability

mean depth anomaly (m) of fish community
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Dulvy, Rogers, Jennings, Stelzenmdller, Dye & Skjoldal (2008). Climate change and deepening of the North Sea fish assemblage:
a biotic indicator of regional warming. Journal of Applied Ecology, 45, 1029-1039.



Deepening of North Sea fishes

North Sea bottom temperatures have warmed by 1.6°C in last quarter
century

The whole fish assemblage has deepened by 3.6 m decade, 22
species have deepened by 5.6 m decade!

The latitudinal response is heterogeneous due to
Northward shift of abundant, widespread thermal specialists &

Southward shift of relatively small, abundant southerly species with
limited occupancy and a northern range boundary (benefiting
from indirect impact of fishing — not enough fear!)

Depth response more coherent than the latitudinal response
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