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¢ Disentangling the effects of
“habitat and protection on coral

reef fish communities in long-
established marine reserves

Dominique Pelletier, Delphine Mallet,

Abigail Powell, William Roman
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Conservation of shallow biodiversity

Management of living resources
sy AN

-

-

[

Taas smaress

Limites da b Zose

L ban et smen
- Frortrs wae fotm Facrore bimenas
Lirvte San 00 i "ol w8 Somenndon 4 Mordege ey

Limites dus Espaces Marbames 3¢ lo Nouve le-C dbions

>t e o Fupren
st crn tee A%acte Londe htart cmn £ we ety e (Tmiee tade fae
cxtan HOM, wt

ot ate awfrven nr

Lo% Formm Mg FarTeS ¥ gmrdent mAS den Fores de DR a SR R pATTATS
31 ¥ s a3 e prforces ca - 10 mate

e

fazes cmooacra | Cmowmion ca s tebpTelioe ta-s es e sormaer - aces




onservation of coastal biodiversity Introduction
geément of living resources

T

SVET ne Protected Areas and World Heritage sites

» Management plan

» Assessment of management effectiveness

» Diagnoses are based on quantitative indicators
obtained from monitoring field data

» Diagnoses must assess whether management
objectives are reached:
« Conservation of biodiversity features
« Sustainable exploitation of fished resources

freamer




Introduction

2f ecosystems:
Ly features to assess

leme ic species such as marine mammals and
turtles

e Fish communities:

e Resources for fishing
e Functional role in ecosystems

e Fish habitat : biotic and biotic cover and other
environmental features

e Fish distribution iIs linked to habitat characteristics

Habitat must be taken into account when
assessing spatial patterns of fish communities
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Observation method

Bmous unbaited underwater rotating

Y | -

« Sony HD camcorder
e rotates 60° every 30 s
e observation duration 12 min

.Ssystem records while set on sea bottom

esystem dropped and retrieved from a
small boat

] TR )
/
© IFREMER

e quick implementation

«20-25 stations / day with 2 systems

Pelletier et al. 2012. PLoS ONE 7(2): e30536 ‘ =
”rpmpr "~ ©IFREMER-B. Preuss 5




Study site and Data

2007-2008-2009-2010
565 valid stations on

Légende
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Data
processing

O Fish S SEERiieation and counting: T

eSpecies list (565 species)
Most precise taxonomic level
Computation of species
occurrences, species richness

and abundance density per
species at each station

 Habitat characterization: Biotic
and abiotic cover, topography,
complexity, depth

=i fremer

Species list

Families with at least one
species that is edible,
emblematic, or of ecological
significance

Lagoon species that can
always be identified on
video images: no cryptic,
not too deep, adult size
larger than 18cm




Data analysis

> Reduc )N of habitat data to a single
variable accounting for all habitat
descriptors

Principal component analysis

Hierarchical clustering based on Ward
criterion

« Achieved on alarget data set
Involving contrasted sites in New
Caledonia (1450 stations)




Data analysis

O Spatialpatterns of univariate indicators

e Protection status : inside reserve versus outside
reserve

Habitat effect : use of habitat typology as an
explanatory factor

General Linear Models + multiple comparisons

Indicators considered : overall density, species
richness, density of target species (per gear),
density per trophic group
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Data analysis

Bl analysis of fish assemblage
* Protection status and Habitat factors
* Density per species, density per family

« Two-way permutational multivariate analysis of
variance (PERMANOVA)

e Square-root transformation of data
e Carried out on Bray-Curtis similarity matrix

e Canonical Analysis of Principal Coordinates (CAP)

PERMANOVA: McArdle and Anderson 2001
CAP: Anderson & Willis 2003
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Habitat typology

&
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Habitat
Cluster
(% of stations)

Rubble (%)
Hard Coral (%)
Boulder (%)
Topography
Complexity
Living coral (%)
Seagrass (%)
Macroalgae (%)

Seagrass
(20%) 94.6
Macroalgae
(12%) 90.7
Sand
(32%)
Live coral
(6%)
Boulders and rocks
20)
Debris
2%))

31 15 0.1 2.7 09 6256.2

/73 1.3 01 04 0.2 1.9 0.9 11.6 53.7

856 69 53 05 06 12 88121340 54 54

175 11.8 60.208 15 9.0 4.2 22 3.0 44200 23

27.1 15.8 195 20.0 14489 6.9 2.1 2.7 13404 1.5

27.8 343 185 1.7 3.3 1575315 22 10205 24
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‘Habitat typology
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Jnivariate analysis of fish data

-

Overall density NS NS
NS NS

Density of spearfished species larger in RE (p<0.013)
Density of line target species NS NS

Density of net target species NS larger in sea grass (p<0.054)

: 5
Density of carnivores NS larger in RE (p<1.7.107) in sea
grass and macroalgae

Density of herbivores larger in RE status*habitat interaction

y (p<0.012) (p<2.6.107)

: . larger in RE on coral habitat

Density of piscivores NS
(p<0.0004)

Density of plankton feeders larger HR (p<0.016)
NS
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Légende

Densité
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Légende

Richesse spécifique
¢ [0-5] espéces

O [5-12] espécés

O [12-187especes
(O _18-25] espéces

’ @ [25-37] espéces

1.8~ 27 36
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)f'target species to protection

gear

Bluespine unicornfish  Spear Live coral and
(Naso unicornis) fishing & (p<9e-6) (p<2.2e-16) debris habitats
Nets

Coral trout Spear NS Sea grass: Live coral and
(Plectropomus fishing RE>OR but NS  debris habitats
leopardus)

Spangled emperor Line NS Live coral: Sea grass and
(Lethrinus nebulosus) fishing RE>0OR sandy habitat

(p<0,055)




ate analysis of fish data Results

Pl

e of target species to protection

Habitatl

Algueraie
Coralil
Détritique
Herbier
Sable

I o e

—

RE HR

Légende
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m
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Density of blue spine unicorn fish




15; analysis of fish data

Btarget species to protection

Density of spangled emperor




riate analysis of fish data

Starget species to protection

Habitatl

B Algueraie
E Coralil

8 Détritique
O Herbier
O Sable

Density of coral trout




i\ ariate analysis of fish assemblage

= feeidensity) : PERMANOVA
__-__

Level of
taxonomic Factors included in
aggregation PERMANOVA df  Pseudo-F p(perm)

Species
assemblage status
R habitat

[ statusxhabitat

composition

I habitat
_ statusxhabitat
-

Trophic structure BEUE
I habitat
_ statusxhabitat




Multivariate analysis per habitat

- Factor Pseudo-
Metric included df = p(perm)

Species assemblage Status

Family composition Status

Trophic structure Status

Coral
Seagrass
Algae
Sand
Debris

coral
seagrass
algae
sand
debris

coral
seagrass
algae
sand
debris

1 2,1198
1 1,1925
1 0,39796
1 1,5891
1 77,8614
1 2,4209
1 1,5812
1 0,29259
1 0,86676
1 5,8416
1 2,0511
1 0,5048
1 3,59E-02
1 0,86676
1 5,8416

0,0011
0,2515
0,9717
0,0973
0,0001

0,0114
0,1453
0,907
0,455
0,0001

0,0708
0,6612
0,9853

0,455
0,0001
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Iti 'rite analysis of fish assemblage
Analysis of Principal Coordinates
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Vectors : species with Spearman rank correlations

INSIDE RESERVE > 0.3 with the two CAP axes
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Multivariate analysis of fish assemblage
G2 Analysis of Principal Coordinates
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Vectors : species with Spearman rank correlations

OUTSIDE RESERVE > 0.3 with the two CAP axes
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Mailn outcomes

TLICS

ant protection effects when habitat is taken
Into account, €.g. overall density, species richness,
density of spear fished species

Detection of protection effects in sea grass habitat for
Important target species

At the assemblage level

Protection effects observed at species, family and trophic
group levels

Protection effects more apparent in live coral and debris
habitats

Debris Habitat: Significant protection effects at all three
taxonomic levels

freamer
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Conclusion

ealre needed to investigate and assess
T RERC Al effectiveness of protection measures

o

A Data‘imrall'lagoon habitats are needed

U Replication must be sufficient to test factors
explaining spatial patterns

d Our video technique enables to
« Sample both fish and habitat at no extra cost

 Ensure a sufficient replication level for spatial
replication and design involving all relevant lagoon
habitats

freamer




Perspectives

11 Slarge data set for quantitative
investigation of questions such as scaling-up to
territory level, link with environmental variables,
relationships between observed taxa, relationships
with anthropogenic pressures observed in the

lagoons

U Optimization of sampling design based on extensive
data set

d Automate image analysis
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where Nij is the abundance density of species i at station |

« Sum of squares decomposed from dissimilarity matrix
« Permutation tests for significance of SSQ

CAP .
Anderson & Willis 2003
« Constrained ordination based on any dissimilarity
measure, here MDS

e Canonical correlation analysis

» To correlate original variables with the canonical axes
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