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Marine food webs

Sampling by species

Sampling by species
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Sampling by body mass category Sampling by body mass category
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Sampling by body mass category ... there were also consistent relationships between
Some preliminary evidence for consistency among ecosystems body size, species richness and food web structure
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... 50 perhaps it was right to have alternate Trophic level body size relationships

conceptual models of food webs
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Classical view Size-based view

Trophic level

Elton, Hardy Sheldon, Dickie, Kerr, Platt, Duplisea,
This web from Link (2002) Boudreau, Borgmann
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Trophic level body size relationships within species
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Source: Jennings and van der Molen, ICES J Mar Science (2015)

Increases in trophic level with body size within
species are common but by no means ubiquitous
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Beautiful simplicity or complexity in trophic
level body size relationships within groups ?
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.... we saw beautiful simplicity!

Size-based view
Can capture considerable variability in structure and process

Size-based view
Also relevant in relation to analysis of human impacts as size determines

Individual Rates of metabolism,
consumption, growth
JL
Population Turnover, intrinsic rates, productivity
I
Community Interactions, structure
L
Ecosystem Energy flux, structure

Individual Probability of dying
JL
Population Response to mortality
I
Community Differential (direct and in_direct)
responses to mortality
L
Ecosystem Shifts in structure and
energy flux
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From size to size- and trait-based models
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Parameters <15 <15 (<25) <15 (<25)
Silvert, Benoit,
Examples of Brown, o ,
lead authors Gillooly, Kerr, Dickie, Borgmann,
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missed you) Mackinson Rochet,
Blanchard, Law
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It is well known that there are monsters  Loch Ness should give an annual vield of
in Loch Ness. Their most characteristic  rathes s than 1 kg b This esti-
Feat v are rarely scen and  mate can be refined by
never caught, but there are records of on Ryder's (1964, 1965)
We would like to thank Kate Kranck

for drawing our attention to this probl

because until she mentioned it we w

unaware that monsters were a problem.
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Fisheries Research Board of Canada,
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An alternate method of calculating the population density of
monsters in Loch Ness

We have arrived at biomass estimates monsters {100 kg) and 10 large monsters
for the Loch Ness monster that are similar {1,500 kg).

Source

From size to size- and trait-based models
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From size to size- and trait-based models
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| Relevance to local situation >

Capacity to address uncertainty

Accounting for sizes, traits and abundance
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Source: based on models of Pope et al (2006), Andersen & Beyer (2006)

Linking body mass, rates and temperature
e.g. carbonate production by marine fishes
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Source: Erin Reardon, Rod Wilson, unpublished data
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The continuum of size and size and trait-based
models provided a potentially valuable toolkit

To explore many emerging questions through a range of lenses

How many consumers in the sea?

Primary production,

chlorophyll, temperature from | 1250+
* Biomass and production of macroscopic life GCM or Ocean Colour

; 1000+
* Diversity —body mass relationships Model simulations accounting | 5 750+
* Fisheries potential and effects of fishing for parameter uncertainty “
(but not structural or input)

 Biogeochemical roles of macroscopic life
« Stability and resilience of food webs

Probability distributions of [, SO
* The effects of climate variation and change biomass and production 0 10 20 :\; do 50 60 70 80 90 100
. . iomass (g m ™)
estimates at size

How many consumers in the sea? Plenty more fish in the sea?
Comparing cumulative catches through history
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* To contrast with local and regional models and data i N
. . Year Year
* To tune more sophisticated approaches
Source: PLoS One (2015) 10(7): e0133794

Source: Watson et al (2015) Fish and Fisheries

Limits to fisheries yields from the sea?

Impacts of fishing
Global yields as a function of fishing mortality

As a function of asymptotic body mass

300 all Medium
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Fishing mortality (F/Fyuesy) a "

Approach builds on size- and trait based model of Hartvig, Andersen S
& Beyer (2008) as implemented in R by Scott et al. 2014 “Mizer”
Yields strongly dependent on assumed size selectivity

Source: PLoS One (2015) 10(7): e0133794 Source: PLoS One (2015) 10(7): e0133794
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Predicting fishing and climate effects
20 large marine ecosystems, 60% world catches
Pre-industrial, present, SRES Alb 2050

Size-based model of
Blanchard et al (2009)

1. Global-to-regional
physical

environment & i
lower trophic levels

Impacts of fishing: understanding tradeoffs
F=0.7
” | Sensitive ‘Impending extinction of a
o a8 species vulnerable marine fish’
D ¢ 0
é ‘3 0.4 ‘Fishing down the food web’
2802
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g Food web
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Source: Fish and Fisheries (2007) 8: 269-276 with model of Pope et al. (2006)

3. Bioeconomics
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Source: Blanchard et al (2011), Barange et al (2011, 2014)

Predicting diversity

Maximum size of

D _each species
Community Species <> _-!0
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Source: Reuman et al (2014) J. Anim. Ecol.

Slope -0.5 = 10x decrease in diversity for 100x increase in mass
Slope -0.1 = 1.6x decrease in diversity for 100x increase in mass

Diversity spectra

Empirical diversity spectrum slope estimates for large marine ecosystems
- T o ¢

Source: Reuman et al (2014) J. Anim. Ecol.

Diversity spectra
Predicting slopes of diversity spectra

Number of individuals in the
‘community’ and ‘metacommunity’

Source: Reuman et al (2014) J. Anim. Ecol.

Diversity spectra
Predicting slopes of diversity spectra

Region

(community)

Source: Reuman et al (2014) J. Anim. Ecol.
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Diversity spectra
Predicting slopes of diversity spectra

Number of individuals by asymptotic size in the
‘community’ and ‘meta community’

Dispersal
(each death in the ‘metacommunity’ replaced with probability
m and each death in the ‘community’ with probability 1-m)

Speciation
(per recruit per generation)

Number of species in the ‘community’
and ‘metacommunity’

Source: Reuman et al (2014) J. Anim. Ecol.

Diversity spectra
LME as regions nested within progressively larger regions
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Source: Reuman et al (2014) J. Anim. Ecol.

Model predictions ..... and data .....

Diversity spectrum has linear slope ‘ 53/58 LME ‘

CL global data

Slope is -0.5 globally

Slope is > -0.5 for smaller regions ‘ ‘

|
|
|
|

-0.54 to -0.59
Upheld ‘
Steeper slopes in larger, colder regions Upheld ‘

Source: Reuman et al (2014) J. Anim. Ecol.

Tests of the model, slopes at different scales .....
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Source: Reuman et al (2014) J. Anim. Ecol.

Some tentative predictions from the

slope of global pelagic diversity spectra.....
0.1to1kg 6400 spp
0.01t0 0.1 kg 20400 spp

0.001 to 0.01 kg 64400 spp

Biogeochemical roles of fish
Size- and trait- based models well placed to address this

e.g. carbonate production by marine fishes

Source: photographs Perry et al. PNAS (2011)
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Biogeochemical roles of fish
Size- and trait- based models well placed to address this

e.g. carbonate production by marine fishes
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Source: Fits to Erin Reardon, unpub. data

Biogeochemical roles of fish
Predicted fishing effects on carbonate production
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Source: Jennings & Wilson (2009)

Biogeochemical roles of fish
Role of fishes in marine carbonate cycle

Fish may produce 3 - 15% of oceanic carbonate

Source: Wilson et al (2009), see sediment data Perry et al (201

Biogeochemical roles of fish

Conclusions

=an

* Size and trait-based methods can make the intractable tractable
* Already providing everything from null models to tactical tools

* Embrace the differences among methods and models

* Even simple models create large demands for data and insight
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Ancillaries

Predicting properties of phytoplankton size spectra
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Predicting properties of phytoplankton size spectra

Simulations draw from distribution to account for uncertainty in fits
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Source: Barnes et al (2011) J Plankton Res 33: 13-24, AMT data

Predator-prey mass ratios

Exclude random
effects of individual

| « Exclude random effects |4
of individual + species

Include all
random effects

Exclude random
effects of individual +
species + location

Source: Barnes et al (2010) Ecology 91: 222-232

Source: Barnes et al (2011) J Plankton Res 33: 13-24, AMT data




