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Why studying the macrofauna of the CCFZ?

Monitoring the consequences of nodule mining: Environmental impact assessment
‐ Baseline studies
‐ Indicators for environmental impact assessments

Mitigating the consequences of nodule mining: Marine spatial planning
‐ Representativity
‐ Connectivity
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Rex et al., 2006, Marine Ecology Progress Series, Vol
317:1‐8, 2006

Global primary production from satellite‐derived data from
Behrenfeld, M.J., Falkowski, P.G., 1997. Limnology and Oceanography 42, 1‐20.

Primary production is very 
low in the central Pacific

As a consequence, macrofaunal densities are very 
low in the CCFZ  (100 ind./m² = 25 ind./core)

The ecology of macrofaunal communities in the CCFZ
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The ecology of macrofaunal communities in the CCFZ

Paterson et al., 1998, Deep Sea Research II, 45: 225‐251 Hessler & Jumars, 1974, Deep Sea Research, 21: 185‐209

Paterson et al., 1998, Deep 
Sea Research II, 45: 225‐251

Systematic
undersampling
of species

Few abundant species,
Long list of rare species

Low level of 
similarity

among samples
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Studying the macrofauna of the CCFZ: The issues

Monitoring the consequences of nodule mining: Environmental impact assessment
‐ Baseline studies
‐ Indicators for environmental impact assessments

Mitigating the consequences of nodule mining: Marine spatial planning
‐ Representativity
‐ Connectivity

Methodological issues

Theoretical issues
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Methodological issues: the power of statistical analyses

Hypothesis H0 is true H1 is true

H0 accepted Good  Type II error, 

Probability β

H0 rejected Type I error, 

Probability α

Good

Hypothesis:  H0 1ݔ̅ ൌ 2ݔ̅
H1     ̅1ݔ ് 2ݔ̅

Probability β is a function
of variance, effect size and 
sample size

Variation in nature: distribution of all 
possible values of eg density among two 
populations

Sampling to estimate the mean and variance 
of eg density of two populations

Statistics to test whether eg the 
densities of the two populations are 
similar or not
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Methodological issues: the power of statistical analyses

Gardline
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Precision of density estimate (D) :

x = mean density
s² = variance
n = number of samples

Assuming a random distribution:

ܵ²	 ൌ 	 ݔ̅

Thus:

݊ ൌ 	
ݔ̅

²ܦ²ݔ̅

Effect size

A precision of 20% (D=0.2) is 
needed to detect a 50% reduction 
in mean densities

So

݊ ൌ 	
ݔ̅

²0.2²ݔ̅

A rough but simple approach to illustrate the relationship between effect size, sample size 
and statistical power: 

Sample size
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Dominant Phyla
Most Phyla

Dominant families
Dominant speciesMost species

Methodological issues: the power of statistical analyses
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Methodological issues: Conclusions

‐ Due to low densities, the sampling effort required to achieve reasonable statistical
power at species level is huge (unrealistic?)

‐ Due to the long list of rare species, species composition is highly variable, which
also imped the power of multivariate analyses

‐ Larger sample size, epibenthic sledge?

‐ Taxonomic sufficiency: Can we use lower taxonomic resolution (eg family) to 
monitor the impact of mining activities?

Do you need species identifications ?
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Theoretical issues: the co‐existence of species and maintenance of diversity

Empirically: the Gause law (1934)

Theoretically : the Lotka‐Volterra model

Competitive exclusion:
Two species using the same resources can
not co‐exist in the same place
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(1957)

Theoretical issues: the co‐existence of species and maintenance of diversity

The ecological niche
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sp A best competitor
sp B best  colonizer
= competition‐colonization trade‐off

Patch‐dynamic

Species sorting
Sp A and sp B have their own
niches, dispersion is not large 
enough to influence their
distribution

Mass effect (source‐sink)

Sp A and sp B have their
own niches but dispersion is
large and allows species to 
co‐exist in the same patch. Neutral

Sp A and spB share the 
same niche and have  
similar dispersion 
abilities

• Fast recovery spB, 
slow recovery spA

• Medium risk of local 
exctinction

• Fast recovery spA and spB

• Low risk of local exctinction

• Slow recovery spA and spB

• High risk of local exctinction

• Fast recovery

• Low risk of extinction



Macrofauna Standardization Workshop, ISA, Uljin, 23‐30 Nov. 2014

The rare species, functional redundancy and ecosystem functioning

Mutualistic
interactions 
among species 1 species = 1 function

Species
redundancy

Ec
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ni
ng

Species richness
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Logue et al., 2011, TREE

Theoretical issues: Conclusions

To be able to predict the long‐term consequences of mineral mining we need to 
understand mechanisms for diversity maintenance in the abyss, particularly knowledge
on:
‐ Life history traits, dispersal, population dynamics
‐ Scales of heterogeneities
‐ Biological interactions

Consistent identifications of species across the CCZ


