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Outline

•The setting at Porcupine Abyssal Plain

•Selected time series measurements

•Biophysical interactions

•PP and CO2 uptake

•Transfer of C into the deep ocean

•Seafloor life and the fate of C

•Future directions
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Observatories in Europe

Text

• NOC operates an observatory @ Porcupine Abyssal Plain.
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Porcupine Abyssal Plain (PAP) - SO

Text
• Research @ ~4,850m depth in NE Atlantic 

since1989

• Evidence suggests POC flux at the site has links to 
the NAO & surface export flux 

• Located in transition zone where MLD has dynamic 
links to PP and NAO variation

• UK contribution to OceanSITES and GOOS

• Major European open ocean observatory delivering 
real-time data, ‘pre-operational’ use

• Collaboration with MetOffice and many others
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The PAP setting

North Atlantic Oscillation

Positive Phase                            Negative Phase     
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The PAP setting

Text

Henson et al. (2009), JGR
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The PAP setting

Henson et al. (2009), JGR
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Variation in sea surface temperature 
(over the top 30 m) at the PAP-SO
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Aug. 2011 – May 2012 
Data from 30 m depth from recent deployment of the PAP-SO:  
Nitrate & pCO2 increases with convective mixing in the winter months as 
chlorophyll-fluorescence decreases.  

Time-series data from PAP
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PAP-SO Air/sea CO2 flux 2010, calculated using 
Nightingale parameterization

Illustrates that PAP is a CO2 ‘sink’
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Variability at the 
PAP site

Decrease in nitrate

Not due to winter 
mixing

Hartman et al., 2010
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http://www.sciencedirect.com/science?_ob=RedirectURL&_method=gejLink&_linkType=general&_cdi=6035&_issn=09670645&_targetURL=http%3A%2F%2Fwww.elsevier.com%2Flocate%2Fissn%2F09670645&_acct=C000010399&_version=1&_userid=126770&md5=5ad7b372bebe24329ff29463599f7bf4
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Progressive changes 2003-2005
Variability in source waters

Hartman et al., 2010
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Mixed Layer Depth

Maximum mixing depth derived from the ¼ degree OCCAM model in a circle around the PAP site with 
radius of 200km.(b)Expansion of data in part a(above) with the addition of plus data derived from ARGO 
floats which became sufficiently abundant after 2002. Lampitt et al. 2010
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Mixed Layer Depth

Mean maximum mixing depth determined from the 200km radius area around 
PAP by the ¼ degree OCCAM model. Lower: Deviation from the mean mixing 
depth for each of the 7 years for which there are adequate particle flux data. 
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Chl-a





Seasonal cycle of mass flux at 3000 m based on averages of all measurements made between 1989 and 
2005. In top panel bars represent the number of years for which there is greater than 15 days of flux data per 
month. The hatched area is the coverage co-efficient. In the bottom panel grey bars represent the percentage 
of annual flux each month contributes. Line plot is the average total mass flux for each individual month with 
error bars representing ± 1 standard deviation. 



What are the levels and long term 
trends in particle flux and the 

composition of the settling material? 

Particulate downward flux at 3000 m depth in terms of 
(A)dry weight, (B) biogenic silica, (C) organic carbon and (D) inorganic carbon. 

(B)Also shown (green) are the surface chlorophyll concentrations averaged over a circle of 200 km radius around the PAP site.

What are the levels and long term trends in particle flux? 

Lampitt et al. 2010



Logonna-
Daoulas 
(France)

17-22 sept. 
2012

Time-series 
analysis in 

Marine 
science and 
applications 
for industry

Phenology

Are spring-time changes at the PAP site as reflected in the time at which 
mixing decreases, productivity increases and deep ocean flux increases? 



Temporal variation in (a) abundance of radiolarian and (b) 
abundance of foraminifera, (c) mean chlorophyll 
concentration around the PAP site, and (d) POC flux at 
3000 m.
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Faecal Pellet Fluxes
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title

Text







(A) density and (B) biomass of 8 selected megafaunal groups at the Porcupine Abyssal 
Plain Sustained Observatory site 9 (means and 95% confidence intervals are shown).
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Size Distribution Variation

Cumulative frequency 
distributions of body length;
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Size Distribution Variation
& Respiration

We then took our avg. body size data for each taxon and converted 
that to individual respiration rates.

We then multiplied the individual respiration rates by animal density 
for all the dominant taxa to get community respiration rates.

Which then gave us...



Time series of echinoderm megafauna community dynamics for the PAP and Sta. M research sites including A and B) density (●, TAD), 
biomass (◦, TAB); C and D) indices of species composition similarity based on density data (●, SCD) and biomass (◦, SCB); E and F) 

indices of rank abundance distribution similarity based on density (●, RADD) and biomass (◦, RADB); and G and H) total respiration of 
the studied megafauna (●, TR) and an index of species composition similarity based on energetic demand (◦, SCE).

Ruhl et al., in prep
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Transform: Log(X+1)
Resemblance: S17 Bray Curtis sim ilarity

Time series of echinoderm megafauna community dynamics for the PAP including A) density (●, TAD), biomass (◦, TAB); C ) indices of 
species composition similarity based on density data (●, SCD) and biomass (◦, SCB); E) indices of rank abundance distribution similarity 
based on density (●, RADD) and biomass (◦, RADB); and G) total respiration of the studied megafauna (●, TR) and an index of species 

composition similarity based on energetic demand (◦, SCE).

Cluster diagram of community composition (density)

Ruhl et al., in prep



Time series of echinoderm megafauna community dynamics for the PAP and Sta. M research sites including A and B) density (●, TAD), 
biomass (◦, TAB); C and D) indices of species composition similarity based on density data (●, SCD) and biomass (◦, SCB); E and F) 

indices of rank abundance distribution similarity based on density (●, RADD) and biomass (◦, RADB); and G and H) total respiration of 
the studied megafauna (●, TR) and an index of species composition similarity based on energetic demand (◦, SCE).

Transform: Log(X+1)
Resemblance: S17 Bray Curtis similarity
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MDS plot of community composition (density), x-
axis used as y axis for time series 

Ruhl et al., in prep



Time series of echinoderm megafauna community dynamics for the PAP and Sta. M research sites including A and B) density (●, TAD), 
biomass (◦, TAB); C and D) indices of species composition similarity based on density data (●, SCD) and biomass (◦, SCB); E and F) 

indices of rank abundance distribution similarity based on density (●, RADD) and biomass (◦, RADB); and G and H) total respiration of 
the studied megafauna (●, TR) and an index of species composition similarity based on energetic demand (◦, SCE).

Rank abundance distribution plots

Ruhl et al., in prep



Text

Rank abundance distribution plots 
for PAP data for selected times 
during the time series based on:

A)density; 
B) biomass; and 
C) energetic demand (respiration), 

Illustrates both changes in 
distribution shape, but also the ranks 
of the top ten most dominant fauna 
over time. 

The SDF are open bars, SSDF 
diagonally hatched bars, SF have 
horizontally hatched bars, and P/S 
are cross hatched. 

Ruhl et al., in prep



Text

Time series of echinoderm megafauna community dynamics for the PAP and Sta. M research sites including A and B) density (●, TAD), 
biomass (◦, TAB); C and D) indices of species composition similarity based on density data (●, SCD) and biomass (◦, SCB); E and F) 

indices of rank abundance distribution similarity based on density (●, RADD) and biomass (◦, RADB); and G and H) total respiration of 
the studied megafauna (●, TR) and an index of species composition similarity based on energetic demand (◦, SCE).Ruhl et al., in prep



Time series of echinoderm megafauna community dynamics for the PAP and Sta. M research sites including A and B) density (●, TAD), 
biomass (◦, TAB); C and D) indices of species composition similarity based on density data (●, SCD) and biomass (◦, SCB); E and F) 

indices of rank abundance distribution similarity based on density (●, RADD) and biomass (◦, RADB); and G and H) total respiration of 
the studied megafauna (●, TR) and an index of species composition similarity based on energetic demand (◦, SCE).

Community 
descriptor

Sta. M (n=37)   PAP (n=15)

TR p   TR p

univariate rs   rs  

TAD 0.63 <0.001 0.61 0.02

TAB 0.87 <0.001 0.94 <0.001

multivariate R p R p

SCD 0.09 0.053 0.34 0.007

SCB 0.31 <0.001 0.20 0.07

SCE 0.27 <0.001 0.42 0.02

RADD 0.25 <0.001 0.37 0.004

RADB 0.70 <0.001 0.49 <0.001

RADE 0.75 <0.001   0.78 <0.001

Ruhl et al., in prep
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Are pigments related to change?

Text

2005

2004

Fitz-George Balfour et al., 2010

Zeaxanthin
~Diatoms

~Cyanobact.
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Are pigments related to change?

MDS ordination of 37 individual 
holothurian ovary samples from PAP 
June 29 2004 (a) and July 2005 (b), 
based on √-transformed pigment 
percentage contributions 30 and 
Bray-Curtis similarities. 

Key: 
▲= Amperima rosea; 
d = Oneirophanta mutabilis
■ = Peniagone diaphana
□ = Psychropotes longicauda
Χ = Paroriza prouhoi

T. Smith, Billett, Wolff, Thompson, 
and Tyler, Deep-Sea Res., 2010

Fitz-George Balfour et al., 2010
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Biogeochemical Models Suggest 
Major Change Ahead

Text

Change in biomass pool from preindustrial to ~2100
(IPCC SERS A2; function of nutrients; Steinacher et al. 2010)



Logonna-
Daoulas 
(France)

17-22 sept. 
2012

Time-series 
analysis in 

Marine 
science and 
applications 
for industry

Global Estimates of Seafloor Biomass

Text

Established relationships between various parameters, including POC flux vs. Seafloor biomass
Wei et al., PLoS One, 2010
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Global Estimates of Seafloor Biomass 
into the Future

Jones, Ruhl et al., in prep



C.R. Smith et al., 2008
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title

Text

Thanks for your 
attention!

Photo: A. Jamieson, Oceanlab, University of Aberdeen
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