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Connectivity
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?

http://evolvecoaching.net

Connectivity: Dispersal of coral reef fauna

© Marc Kochzius © Marc Kochzius
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Connectivity: Dispersal

(Cowen et al. 2007)
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Do we have “closed” or “open” populations?
… or in terms of fisheries: one or several stocks?
… or in terms of genetics: restricted gene flow or panmixia?

“closed“

recruits adults

Low or no
exchange

among
populations

adultsrecruits

“open“

Significant
exchange

among
populations

adultsrecruits

adultsrecruits

Connectivity: Dispersal
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Connectivity: Dispersal

(Botsford et al. 2009)
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Connectivity: Dispersal

(Botsford et al. 2009)
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Connectivity: how to measure or estimate dispersal?

(Jones et al. 2009)
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Connectivity: how to measure or estimate dispersal?

(Jones et al. 2009)



Marine Ecology/Fisheries - Connectivity Prof. Dr.
Marc Kochzius 9

Connectivity: mark and recapture

• Marking of otoliths (ear bones) of 
over 10 million developing

• embryos of the damselish
Pomacentrus amboinensis

• examination of 5,000 juveniles 
settling at the same location; 15 
marked individuals found

• On the basis of an estimate of the 
proportion of embryos marked (0.5-2 
%), as many as 15-60 % of juveniles 
may be returning to their natal 
population (self-recruitment)
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Connectivity: mark and recapture

• Marking of embryos by injecting a BaCl2 solution that was highly enriched in 137Ba and 
depleted in 135Ba as compared to natural Ba isotope values

• 176 clownfish females and 123 butterflyfish were captured and injected at Kimbe Island
• Quantification of Ba isotope ratios in the otolith cores of settlers, using laser ablation 

inductively coupled plasma mass spectrometry (ICP-MS)
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• Assuming that all clownfish larvae produced were tagged, 60 % of juveniles made the 
return journey

• Scaling the proportion of tagged juveniles (8 of 77) to the proportion of adults injected 
with Ba indicated that a remarkable 60.1  % of juvenile butterflyfish returned to their reef

Connectivity: mark and recapture
(Almany et al. 2007)
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Connectivity: DNA parentage analysis
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Connectivity: DNA parentage analysis

Screening of 16 polymorphic microsatellite DNA markers from a total of 506 
potential A. percula parents at Kimbe Island and 400 newly settled juveniles (Planes et al. 2009)
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Connectivity: DNA parentage analysis

• Approximately 40% of larvae settling into anemones in Kimbe Island were derived 
from parents resident at that island

• Juveniles spawned by Kimbe Island residents had dispersed as far as 35 km
• dispersers accounted for up to 10% of the recruitment in the adjacent MPAs (Planes et al. 2009)
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Connectivity: mark and recapture + DNA parentage analysis
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Connectivity: mark and recapture + DNA parentage analysis

(Jones et al. 2005)
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Connectivity: mark and recapture + DNA parentage analysis

(Jones et al. 2005)
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Connectivity: Estimates of self-recruitment and connectivity

(Sale et al. 2010)
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Connectivity: Olfactory sensing of coral reefs by fish larvae
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(Gerlach et al. 2007)

Connectivity: Olfactory sensing of coral reefs by fish larvae
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Connectivity: Acoustic sensing of coral reefs by fish larvae
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Tropical marine biodiversity in the Indo-Pacific

Fish (1700 species)

Corals (804 species)

Roberts et al. (2002)

Coral Triangle

Burke et al. (2011)

Threats (present)
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Tropical marine biodiversity in the Indo-Pacific

Fish (1700 species)

Corals (804 species)

Roberts et al. (2002)

Coral Triangle

Burke et al. (2011)

Threats (2050)
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Tropical marine biodiversity in the Indo-Pacific

Fish (1700 species)

Corals (804 species)

Hypothesis that try to explain the high diversity in the Coral Triangle:
• Centre of evolutionary radiation from where new species disperse (Briggs 1999)

• Centre of overlap of the Indian and Pacific Ocean biota (Woodland 1983)

• Centre of accumulation of species that originated in peripheral areas (Jokiel & Martinelli 1992)

• Centre of survival due to maintained habitat heterogeneity (Paulay 1990, Barber & Bellwood 2005)

Coral Triangle

Roberts et al. (2002)
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Impact of Pleistocene glaciations on the Coral Triangle

Indian Ocean

Western Pacific

Coral Triangle

Australia

India

1000 kmSea level: -120 mSea level: -100 mSea level: -075 mSea level: -050 mSea level: -040 mSea level: -030 mSea level: -020 mSea level: -010 mSea level: -000 m
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Impact of Pleistocene glaciations on the Western Indian Ocean

Indian Ocean

Western Pacific

Coral Triangle

India

Australia

Africa
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Oceanography of the Indo-West Pacific

NASA (2012)
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Administration: research permits, sample export permits, CITES permits…
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© Lars Abromeit, GEO

Sampling of Indo-West Pacific marine fauna
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Red Sea

Western
Indian Ocean

Coral Triangle
Society Islands

© Tim Laman

DNA extraction PCR amplification

DNA sequencing Microsatellites

Population genetic and phylogeographic
data analysis

Sampling of Indo-West Pacific marine fauna
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Giant clams

Tridacna crocea; T. maxima; 
T. squamosa
- pelagic eggs
- PLD: 9 days

Studied coral reef taxa

Anemonefish

Amphiprion ocellaris: A. 
perideraion; A. akallopisos
- demersal eggs
- pelagic larval duration (PLD):
8-18 days

Corals

Linckia laevigata
- pelagic eggs; PLD: 28 days
Thyca crystallina

Invertebrates

Heliofungia actiniformis
- brooder, 3 days PLD
Acropora tenuis
- spawner, 69 days PLD
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Studied mangrove taxa

Scylla serrata
- pelagic eggs
- PLD: 21-28 days

Terebralia palustris
- pelagic larvae

Mud whelk Giant mud crab
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• 371 control region sequences (mtDNA); 360 bp
• Hierarchical AMOVA: Φct = 0.25; p < 0.001

False clownfish (Amphiprion ocellaris) Timm & Kochzius (2008)
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• 371 control region sequences (mtDNA); 360 bp
• Hierarchical AMOVA: Φct = 0.25; p < 0.001

False clownfish (Amphiprion ocellaris) Timm & Kochzius (2008)



Marine Ecology/Fisheries - Connectivity Prof. Dr.
Marc Kochzius 35

• 6 microsatellite loci (nDNA); 432 samples
• Hierarchical AMOVA: Fct = 0.24; p < 0.001

False clownfish (Amphiprion ocellaris) Timm, Planes & Kochzius (2012)
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• 247 CR sequences (mtDNA); 400 bp
• Hierarchical AMOVA: Φct = 0.1985; p < 0.001

Anemonefish (Amphiprion perideraion) Dohna, Timm, Hamid & Kochzius (2015)
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• 10 microsatellite loci (nDNA); 289 samples
• Hierarchical AMOVA: Fct = 0.0181; p = 0.003

Anemonefish (Amphiprion perideraion) Dohna, Timm, Hamid & Kochzius (2015)
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Anemonefish (Amphiprion akallopisos) Huyghe & Kochzius (2017, 2018)

• 360 control region sequences (mtDNA); 337 bp
• Hierarchical AMOVA: Φct = 0.62; p < 0.001

• WIO: no hierarchical AMOVA
significant, but Sainte Marie
(SM)
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Anemonefish (Amphiprion akallopisos) Huyghe & Kochzius (2017, 2018)

• 360 individuals genotyped with 13 microsatellite loci
• AMOVA: Fct = 0.114; p < 0.001

• AMOVA (WIO): Fct = 0.014; p ≤ 0.01



Marine Ecology/Fisheries - Connectivity Prof. Dr.
Marc Kochzius 40

Boring giant clam (Tridacna crocea) Kochzius & Nuryanto (2008); Hui, Kraemer, Seidel, Joshi, Nuryanto, Kochzius (2016) 

• 344 COI sequences (mtDNA); 417 bp
• Hierarchical AMOVA: Φct = 0.728; p < 0.001
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Boring giant clam (Tridacna crocea) Hui, Nuryanto & Kochzius (2016)

• 10 microsatellite loci (nDNA); 366 samples
• Hierarchical AMOVA: Fct = 0.063; 0.05 ≥ p ≥ 0.01
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Giant clam (Tridacna maxima) Nuryanto & Kochzius (2009); Hui, (...), Kochzius (2016); Dissanayake & Kochzius (in prep.)

• 543 samples, 30 sites (COI)
• AMOVA: Φct = 0.749*



Marine Ecology/Fisheries - Connectivity Prof. Dr.
Marc Kochzius 43

Giant clam (Tridacna squamosa) Hui, (...), Kochzius (2016); Dissanayake & Kochzius (in prep.)

• 208 samples, 22 sites (COI)
• AMOVA: Φct = 0.857*
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• 173 ITS sequences; 623 bp
• Hierarchical AMOVA: Φct = 0.32; p = 0.007

Mushroom coral (Heliofungia actiniformes) Knittweis, Krämer, Timm & Kochzius (2009)

© Leyla Knittweis



Marine Ecology/Fisheries - Connectivity Prof. Dr.
Marc Kochzius 45

Stony coral (Acropora tenuis) van der Ven, Triest, De Ryck, Mwaura, Mohammed & Kochzius (2016), van der Ven (in prep.)

K = 5

• 689 samples from 27 sites in the WIO and 1 in the 
Red Sea (7 microsatellites)

• Pairwise Fst-values ranging from 0.018 to 0.461
• 54 % of pairwise Fst-values significant
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Blue sea star (Linckia laevigata) Kochzius et al. (2009); Alcazar & Kochzius (2016); Otwoma & Kochzius (2016)

• 534 COI sequences (mtDNA), 36 sample sites
• Φct = 0.199; p < 0.001
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• 324 COI sequences; 401 bp
• AMOVA: Φst = 0.005; p = 0.24

Parasitic snail (Thyca crystallina) Kochzius et al. (2009)
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Mangrove whelk (Terebralia palustris) Ratsimbazafy & Kochzius (2018)

• 308 COI sequences (624 bp) from 18 sites
• Hierarchical AMOVA: φCT = 0.04, P = 0.001
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Giant mud crab (Scylla serrata) Rumisha, Huyghe, Rapanoel, Mascaux & Kochzius (2017)

• 355 COI sequences (535 bp) from 15 sites
• Hierarchical AMOVA: φCT = 0.564, P < 0.01

• 227 individual from 11 sample sites 
genotyped with 8 microsatellite loci

• Fst = 0.00424, P > 0.05
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Phylogeography of the Coral Triangle
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Phylogeography of the Western Indian Ocean and Red Sea
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Phylogeography of the Indo-West Pacific
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Phylogeography of the Indo-West Pacific

• not only one biogeographic model can explain the megadiversity in the Coral Triangle
• biodiversity feedback model (Bowen et al., 2013)

• Coral Triangle exports species to peripheral regions, where these evolve into new species
• new species are exported back to the Coral Triangle


