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Increasing interest inBEE

? .

In the last decades there has been an increased
concern about species loss (or functional Ioss of
species) and introduction : =

REFORTS
SCIEMCE WOL 294 26 OCTOBER 2001

Diversity and Productivity in a
Long-Term Grassland

Experiment

David Tilman,'* Peter B. Ih!iu:h,2 Johannas Kmps.’ David Wedin,*
Troy Mielke," Clarence Lehman

nt diversity and niche complam y had p E onger effects
on ecosy stern functioning during ]" Exper ith 1 -specias plots

Attention was mostly devoted to changes In
ecosystem properties due to changes in diversity of
primary producers (or other low-level species in food
webs) both in terrestrial and ...
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In general (with a few exceptions), diversity was
found to enhance productivity and stability

MarFISH-workshop on Ecosystem functioning relevant to fish biodiversity and fisheries; Nantes, April 10, 2008



. Fhe number of papers published-aboutthe"marine
fish diversity loss has also dramatically increased In
the last years

Cascading Effects of the Loss of
«+ Apex Predatory Sharks from a
»non Goastal Ocean

of lowest Ransom A. Myers,* Julia K. Baum,* Travis D. Shepherd,*
Sean P. Powers,? Charles H. Peterson®*

Impacts of chronic overfishing are evident in population depletions worldwide, yet indirect
ecosystem effects induced by predator removal from oceanic food webs remain unpredictable.
operating  As abundances of all 11 great sharks that consume other elasmobranchs (rays, skates, and small
ogical char-  sharks) fell over the past 35 years, 12 of 14 of these prey species increased in coastal northwest
ecotypes  Atlantic ecosystems. Effects of this community restructuring have cascaded downward from the

b consistent  cownose ray, whose enhanced predation on its bay scallop prey was sufficient to terminate a
is  century-long scallop fishery. Analogous top-down effects may be a predictable consequence of
eliminating entire functional groups of predators.

30 MARCH 2007 VOL 315 SCIENCE www.sciencemag.org

... With special emphasis on the impacts of human
disturbances, particularly fishing that chiefly affects
high level predatory fishes
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" Fish diversity loss and ecosystem functions and
stablility ... not only large predators are important

Full et prosaded by www scioncedirac i oo

“.* ScienceDirect

TRENDS in Ecology and Evolution Vol.22 No.1

ELSEVIER

|Hesearch Focus

No-take areas, herbivory and coral reef resilience
Terry P. Hughes’, David R. Bellwood'?, Carl S. Folke®, Laurence J. McCook™* and

John M. Pandolfi®

' ARC Centre of Excellence for Coral Reef Studies, James Cook University, Townsville, QLD 4811, Australia

?School of Tropical & Marine Biology, James Cook University, Townsville, QLD 4811, Australia

# Centre for Transdisciplinary Environmental Research (CTM) and Department of Systems Ecology, Stockholm University, 10631
Stockholm, Sweden

“ Great Barrier Reef Marine Park Authority, Townsville, QLD 4810, Australia

5 ARC Centre for Coral Reef Studies and Centre for Marine Studies, University of Queensland, Brisbane, QLD 4072, Australia

Loss of herbivore fishes may .
have dramatic effects in coral ? -
reef ecosystems b -
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Fish-assemblages from Bahamian:coral reefs (159
species): limited redundancy and potential for
widespread fishing impacts
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1) 1/3 of functional groups include 1-2 species
2) Fished species in all but two functional groups
3) All species are fished in 1/2 of functional groups
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Many fishes targeted by
fishing are, however, high
level predators.

Predator species loss may
disrupt food webs due to
usually low redundancy and
typical life traits, and affect
ecosystem functioning more
than plant diversity loss

oh B
- -
reh j§ ©.1 '}
agics f l

functioning

Abstract
J. Emmett Duffy Experiments testing biodiy
School of Marine Science i
& Virginia Institute of Marine
Science, The College of William
and Mary, Gloucester Point,
VA 23062-1346, USA
Correspondence: E-mail:
jeduffy@vims.edu

biased extinctio re and substandally

at assume changing plant diversity

changing conclusior
alone. Both demography and anthropogenic threats render large vertebrate consumers
' hportantly, species loss appears
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Evolutionary implications

=
Fishing selection has been proposed to oppose

natural selection for size, behavior, morphology,
maturity status, with potential consequences on
demography, stock biomass, economic revenues,
competitive and predator-prey interactions

ot

v

NATURE|Vol 450|8 November 2007 NEWS & VIEWS

ECOLOGY ——————— .

Managing Evolving Fish Stocks FISHERIES
Evoluti i 1 asses isaf
ﬂhriftinn Jergensen,'* Katja Enberg,'? Erin S. Dunlop,”! Robert Arlinghaus,** l::) q‘:]:::iﬂf;5;[:;‘:1::;::;f!;e;v;:;7:.:315:;311‘ N ets ver s u s n atu r e

. Boukal %' Keith Brander,® Bruno Ernande %7 Anna Gardmark, a Johnston,™ evolution on the utility generated by fish stocks

Matsumura,’? Heidi Pardoe,*'® Kristina Raab," "’ Alexandra Silva,"? David O. Conover
Anssi Vainikka,® Ulf Dieckmann,” Mikko Heino,2'? Adriaan D. Rijnsdorp™ .

The life-histories of pike adjust quickly to shifts in the opposing forces of
fishing and natural selection. Such rapid changes suggest that evolutionary
dynamics must be incorporated into fisheries management.

People like to catch big fish, sometimes so
much so that fish sizes overall become greatly
diminished. According to one view, the contin-
ual removal of large fish from a population sets
the stage for rapid, undesirable evolutionary
changes, including slower growth, earlier adult
maturation and permanently smaller size'”.
This occurs because removing the largest fish
directly opposes natural selection, which tends
to favour large size.

What happens when these two forces simul- Fish size

Natural mortality

Selection gradient

Mortality rate

Fishing mortality

www.sciencemag.org SCIENGE VOL 318 23 NOVEMBER 2007«
- Published by AAAS ¥ 2
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*ommunity-wide I e —

Besides direct effects on target species, fishing may
affect entire communities (and ecosystem functioning)
through changes in trophic interactions, e.g. the so-
called trophic cascades (top-down control)

-5
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http://www.nps.gov/olym/plants/kelp1.htm

Not only species loss ... -

" In many regions of the world, fish communities are
changing due to climate changes (e.g. water
warming) and, sometime, ‘new’ species appear ...
Increasing the species richness and potentially
Influencing both native species and assemblages

through interactions  patyre

PUBLICATIONS 4-Z INDEX *  BROWSE BY SUBJECT » searcH [T

International weekly journal of science

Journal horme > Archive > Letters to Mature > Abstract
Journal home Letters to Nature

Advance online
publication

Current issue

Mature News

Understanding the fluctua 1 marine fish stocks is important for the

management of fisheries, and attempts have been made to demonstrate
1,23

links with oceanographic and climatic variability , including the North

)

4.3
Atlantic Oscillation {(NAOQ) . The NAO has been correlated with a range
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Mediterranean Sea and waterwarming

The basin in the last decades underwent tropicalisation
(new tropical-atlantic and indopacific species
appeared) and meridionalisation (southern species
expanding northwards)

Thalassoma pavo
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The Mediterranean rocky sublittoral .

There Is increasing evidence that fishing (also
Interacting with other processes e.g. sedimentation
and water warming) may have community-wide effects
similar to those occurring in kelp forests

predators (of grazers)
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rotagonists _—
Paracenfrottn'"?

ILvn,gus ~ % Sea urchins, through unselective grazing, may form
St and maintain barrens, especially at high density

| Vulgafis Sea breams may eat small and relatively

_ large sea urchins

-~~~ 7 Labrids may eat small urchins (<1 cm

test size)

Professional and

recreational-sportive

fishing impact sea

urchin fish predators
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Marine reserves may help
pecosystem recovery

gy, DiSTeBA, Um

N: non protected locations
P: protected locations

Diplodus sargus Paracentrotus lividus

-
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B Medium
Bl Large [ P. lividus (large)

M F. lividus (medium)

Size (%)

Predation levels
estimated by tethering
experiments

Predation level (%)
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Predator size matters!

s, | Small predators eat only small prey, large
- predators may exploit a wide range of prey sizes
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Predator density and size thus rule,predator-prey
““nteractions and community structure in the

Mediterranean rocky sublittoral ... but what about

predator diversity?

llllllll (AR R R R R R R R R R R R N R R RN )

Predator diversity dampens
trophic cascades

In terrestrial Syste mSs, sologil - pehorah L. Finke & Robert F. Denno

).

mu Itl p I e p re d ato rsm ay Chem. e Department of Entomology, University of Maryland, College Park,

Maryland 20742, USA

AL\ T QoI QU aTOIaRITRISIS UMM “ ' fiood b complexity is thought to weaken the strength of
. ystems Mar terrestrial trophic cascades' in which strong impacts of natural
ecosystem-wide effects. - pim

enemies on herbivores cascade to influence primary production

alanys

NATURE | VOL 429 | 27 MAY 2004 | www.nature.com/nature ©2004 Nature Publishing Group

Such experimental
studies, however, are - |

. Linearity in the aggregate effects of multiple
nOt that common In predators in a food web
marine systems.

Ecology Letters, (2002) 5: 168-172

Oswald J. Schmitz* and The
Lauge Sokol-Hessner
School of Forestry and

Environmental Studies,
Yale University,
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Diversity components and-experiments

How to cope with all this?

insight review articles NATURE| VOL 405 | 11 MAY 2000 | www.nature.com
e e e

Consequences of changing
biodiversity

F. Stuart Chapin IIl*, Erika S. Zavaletat, Valerie T. Eviners, Rosamond L. Naylorz, Peter M. Vitousek,
Heather L. Reynoldsil, David U. Hoopers, Sandra Lavorel#, Osvaldo E. Salas-, Sarah E. Hobbie**,
Michelle C. Mack* & Sandra Diaz+t

* Institute of Arctic Biology, University of Alaska, Fairbanks, Alaska 99775, USA (e-mail: fschapin@lter.uaf.edu)

1 Department of Biological Sciences and % Institute for International Studies, Stanford University, Stanford, California 94305, USA
§Department of Integrative Bialogy, Uniw Calj , Berl Cali

\\Department of Biology, Kalamazoo College,

§ Department of Biology, Western Washington University, Bellingham, Washington 98225, USA

#Centre d'Ecologie Fonctionnelle et Evolutive, CNRS UPR 9056, 34293 Montpellier Cedex 05, France

% Cétedra de Ecologia and Instituto de Fisiologia y Ecologia Vinculadas a la Agricultura, Faculty of Agronomy, University of Buenas Aires, Ave
San Martin 4453, Buenos Aires C1417DSE, Argentina

** Department of Ecole ie i iversity of Minnesota, St Paul, Minnesota 55108, USA

tinstituto Multidisci) idad Nacional de Cérdoba, FCEFyN, Casilla de Carreo 495, 5000 Cérdoba, Argentina

Increasing accuracy of causal inference in experimental
analyses of biodiversity

L. BENEDETTI-CECCHI

University of Pisa, Dipartimento di Scienze dell’Uomo e dell’ Ambiente, Via A. Volta 6, 1-56126 Pisa, taly

Summary

1. Manipulative experiments are often used to identify causal linkages between
biodiversity and productivity in terrestrial and aquatic habitats.

2. Most studies have identified an effect of biodiver ut their interpretation has
stimulated considerable debate. The main difficulties lie ir rating the eflect of species
richness from those due to changes in identity and relative density of species.

Human alteration of the global environment has triggered the sixth major extinction event in the history of
life and caused widespread changes in the global distribution of organisms. These changes in b

alter ecosystem processes and change the resilience of ecosystems to environmental change. This has
profound consequences for services that humans derive from ecosystems. The large ecological and societal

consequences of changing biodiversity should be minimized to preserve options for future solutions to global
environmental problems.

1) Number of species present (species
richness)
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2) Relative abundances (impacts more
often affect evenness than
presence/absence)

1A 1A+ 1A 1A 1A+ 1B

Fig. 2. [llustration of a possible alternative to the null

. . P . . hypothesis of no effect of SR in the presence of negative

3) SpeCIeS Identlty' parthUIar S_peCIeS density-dependent effects. The effect of adding one unit of B
can have Strong—IdIOsyncratIC to one unit of A differs in magnitude and direction from the

i effect of adding one unit of A. This would be detected by a
eﬁ:eCtS on Communlty and/or significant interaction between SR and density.
processes
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Manipulative experiment using caging
= R

= 1) What can we predict in the case of species |0SS Or addition? e ———————

2) Do the four predator species interact?

3) Does capacity of controlling sea urchin density change relative to predator
diversity and/or density (additive vs interactive effects)?
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Juvenile sea urchins (40x40 cm)

Coris adults Thalassoma  Diplodus vulgaris  Diplodus sargus
adults

Adult urchini(1x2 m) < QA. ( qn’(

OOC

()
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Rationale -

~—Caging experiments were repeated in two bays (spatial replication)
In each bay, EUs 5x5 m were prepared according to 6 treatments: (1) no
predators (control), (2) C. julis, (3) T. pavo, (4) D. vulgaris, (5) D. sargus,
and (6) the complete assemblage of the four predators
Experiment 1: additive design, with density of each predator species
equivalent to the values measured in the field (INTRA-specific interactions
constant)

Experiment 2: substitutive design, with overall predator density kept
constant

N=3 replicates for each treatment in each bay for both design type
Response variable: PREDATION RATE ON SEA URCHINS

Data treated with ANOVA: 1) ‘treatment’, fixed; 2) ‘bay’, random orthogonal

MarFISH-workshop on Ecosystem functioning relevant to fish biodiversity and fisheries; Nantes, April 10, 2008



Emerging impacts of multiplespredators

*To solve the additive problem in summing the relative impacts of multiple
predators on prey, | used the multiplicative risk model (Sih et al. 1998)

350 Copyright ©@ 1998, Elsevier Science Ltd. All rights reserved. 0169-5347/98/$19.00 PII: S0169-5347(98)01437-2  TREE vol. 13, no. 9 September 1998

REVIEWS

Emergent impacts of multiple predators

oh prey
Andrew Sih, Goran Englund and David Wooster

redation is one of the key Although almost all prey live with many capita effect of one species on the
factors governing patterns types of predator, most experimental proportional change in the popu-
in patura stem XDET]- studies of predation have exa e ( C ation size of a target specje h

Additive or emergent effects of multiple predator guilds (i.e. wrasses and
sea breams) on sea urchins were tested by comparing the observed
predation risk to the predicted values generated by a null model, i.e. the
MRM, using a two-way ANOVA : “treatment” (three levels: wrasses, sea
breams, wrasses + sea breams) and the categories “observed vs
expected” (two levels) were treated as fixed and orthogonal factors

MarFISH-workshop on Ecosystem functioning relevant to fish biodiversity and fisheries; Nantes, April 10, 2008



Patterns were coherent between the two bays

,,' Experiment 1 (ADDITIVE) Experiment 2 (SUBSTITUTIVE

8 g (A) Juvenile sea urchins ! 0.8 (A) Juvenile sea urchins?

05 (Fes =87.5,P <0.001) 0.6 (Fes =136.5, P < 0.00L) b
c O 4 b © G
g 0 0.4
© 0.3 c c
> 0.2 0.2
@ 0.1
o 0 0
o
& 94 (B) Adult sea urchins . 0.6 (B)Adult sea urchins 2 T
S (3 (Fes =426, P <0.001) (Fes = 43.7, P < 0.001)
= b 2 0.4
= b
a 0.2

0.1 0.2

0
No predators Coris Thalassoma Diplodus Diplodus All predatory No predators Coris Thalassoma Diplodus Diplodus All predatory
julis pavo vulgaris sargus species julis pavo vulgaris sargus species
Treatment Treatment
In treatments with ‘all predators’ Total density constant, but predator

there is the max species assemblage composition changes

richness, but also max density o
The two labrid fishes, and the two

sparids have the same effects ... they
can be treated as two guilds
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An emerging impact (negative) of multiple predators;has been observed
only for adult sea urchins

— Tr: F=25.20;: P<0.01
OvsE: F=71.10; P < 0.001
Tr x OvsE: F=0.13; P =0.88

» Non-additivity intraguild (density-
dependence) and non-additivity
interguild are similar

1 or 2 guilds have the same
effects on predation rates

Tr x OvskE: F=7.01;: P<0.01

* Non-additivity intraguild and non-
additivity interguild are NOT
similar

2 guilds cause a decrease in
predation rates
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SEIRERIEE

. “Cascading effects of fish predator e ORI
re m Oval O n e ntl re CO m m u n Itl eS (O bse rved MARINE RESERVES REESTABLISH LOST PREDATORY INTERACTIONS

AND CAUSE COMMUNITY CHANGES IN ROCKY REEFS

worldwide) suggest that decreasing
predator density may disrupt natural
communities

There is increasing evidence, however,
that the is no linear relationship
DISTINGUISHING BETWEEN NUMBER AND IDENTITY OF SPECIES between functlonlng and SpeCIeS

Department of Zoology, University College Dublin, Belfield, Dublin 4, Ireland rl C h n e SS y b ut th at d Iﬁe re nt S p e C I eS m ay
hm:h';.z'(i,‘:;‘;.mii\\’;:ir:]C:Jersrsgrljljf thtjgllzjs.s of species and cc)n:;:qf:-ei:)ilcilh;i;:s dlzlcul:nrr:::;]:lt\f h ave Id |Osyn C ra.tl C eﬁe CtS

structure. Much previous research in this area has been based on terrestrial systems, using

BIODIVERSITY LOSS AND ECOSYSTEM FUNCTIONING:

This study experimentally stressed:

1) the major contribution from sea breams to
predation upon sea urchins in rocky reefs
compared to that from wrasses (species identity vs
species richness);
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2) the foraging efficiency of sea breams decreases Iin the
. presence of wrasses (interference competition)

e
— « - Null, positive or negative effects of
£ ﬁé« multl-predato_r _assemblages on prey
S and communities depend on the
_;;* relationships among predators

(interference, intra-guild predation,
facilitation)

From this perspective, the finding that increasing wrasse
density may decrease the capacity of the fish predator
assemblage to control sea urchin populations and,
consequently, formation of barrens is of some concern

T. pavo is increasing in the Med.

Water Warmlng could thus affect Abundance and size structure of Thalassoma pavo (Pisces:
SpGCleS Interactions and en han ce Labridae) in the western Mediterranean Sea: variability at
1Fi 1 A different spatial scales
desertification of rocky reefs in the ,
. Paolo Guidetti*, Carlo Nike Bianchi®, Gabriele La Mesa® Milena Modena®, Carla Morri!,
M ed Ite rranean Sea Giampietro Sara' and Marino Vacchi®
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LETTERS Manipulative experimx_an{s canhelp
) provide guidelines to interpret

Chaos in a long-term experiment with a plankton [V TSN CROA 11 (VA SR
community SV cUcidate species roles and the

effects of diversity components on
Wabermtol o ittt i s vt v 3 processes, but they are possible

an - G .
imental d il

ekt ey s S e S50 =izl only in limited cases and for limited
temporal scales

Although with weaker inference,
gISTo) (e R=Tolol (oo \ AR (o R0 Tol (OB Ecological hypotheses for a historical
S[a[o (g = Talo Mg [SN=lj{=To Slo] Mo [\YZT6ST [\ reconstruction of upper trophic level biomass in
ISRV oS RS YA I Rl (= the Baltic Sea and Skagerrak

predictive approaches are not Brian R. MacKenzie, Jiirgen Alheit, Daniel J. Conley, Poul Holm, and Carl
unanimously accepted Gista e o .. At 5.5 17310 00

www.sciencemag.org SCIENCE VOL 293 27 JULY 2001

Historical Overfishing and the Recent
Collapse of Coastal Ecosystems

Jeremy B. C. Jackson,™** Michael X. Kirby,> Wolfgang H. Berger," Karen A. Bjorndal,* Louis W. Botsford,

Bruce J. Bourque,® Roger H. Bradbury,” Richard Cooke,? Jon Erlandson,® James A. Estes,® Terence P. Hughes,'®
Susan Kidwell,"" Carina B. Lange,” Hunter . Lenihan,'? John M. Pandolfi,"® Charles H. Peterson, 2
Robert S. Steneck,’* Mia ). Tegner,"+ Robert R, Warner'®

Ecological extinction caused by overfishing precedes all other pervasive
human disturbance to coastal ecosystems, including pollution, degrada-
tion of water quality, and anthropogenic climate change. Historical abun-
dances of large consumer species were fantastically large in comparison
with recent observations. Paleoecological, archaeological, and historical
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Higher management costs Minimum management costs

Social cost
‘Resource user conflicts ,

Economic cost
High cost of fishing for less return

B S i L Rl A i A N T e A G ‘__“
Biological cost

Overfishing, loss of biodiversity, local extinctions:

= Fishing effort
(people, boats, nets, etc)

Whatever the focus of any study (e.g. fishing
management, conservation), understanding the effects of
changes or losses in marine biodiversity and the related
causal processes (e.g. fishing or climate changes)
represents the most exciting challenge for any marine
ecologist in these days

Thank you for your attention
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