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What is Bio. M. E. R. G. E.?

Biotic
Mechanisms of
Ecosystem
Regulation in the
Global
Environment

In a nutshell:

Bring together those
that study the
diversity of our biota
with those that study
its functioning.
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Products
Publications
i. white papers
ii. point-counter point
iii. perspective and policy forums
iv. Adaptive Synthesis Workshop
reports
a) Taxonomic and Functional
Biodiversity
b) BEF Scenarios and Solutions
c) Cross-Biome Comparisons
Web-based, central resources
i. protocol
ii. statistical methods
iii. terminology
iv. theoretical findings
v. empirical findings
vi. bibliography

Intrinsic Drivers
and Ecosystem Correlates

Biodiversity Distributions -—> =)/ /|F{e]) <«—>

Extrinsic Drivers

and Ecosystem Correlates

Mechanisms:
Theoretical and Statistical
Approaches and Issues

Tools for Bridging Taxonomic
Quersity with Functional Diversity
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What is Bio. M. E. R. G. E.?

5 year Research Coordinating Network

Funded by NSF

Some co-functions with GCTE and DIVERSITAS
20 core participants

> 60 general participants

Inclusive: open to all interested parties

Mechanism for interaction: Adaptive Synthesis
Workshops

< BioMERGLE




BioMERGE Mission

Given just two things:
1. An inventory of species
2. Geography
Can one state what the likely significance

of biodiversity is to the region’s
ecosystem functions?




Results from ASW1

Ecology Letters, (2003) 6: 567-573

Disentangling biodiversity effects on ecosystem
functioning: deriving solutions to a seemingly
insurmountable problem

Shahid Nasem® and

Abstract

Expetiments] imvestiations of the relstomhip hetween hiodiversity and eecaystem
Remetoning (BEF} directly manipulte diversity then mondtor eamystem msponse to the
mmami pulstion, While these shuhies bave generally confitmed the impattanee of biodiversity
tor the R Boming of ecosystems, theitbmsder sid feanee has been diffieult tointerpret.
The main ressens For this difficulty coneemn the small seales of the experiment, 2 bias

towatel planmts and prasskads, and mest mportantly 2 penera] bek of ekiity in terms of

whet sttributes of funetional divessity (FI) were sehmly manipubted. We mview how
FRun il + e ts, Fume o grmoups, and the melationship between Fune tonal and taxonomic
chivetsity have been wed in eurrent BEF resesreh. Several points emerged from ot meview.
ndsh between tesponse amd effeet hometonsl todts when

i Hfyingrot manipuliting FD. Seeond, althensgh it iswidely done, wing: trophic position
24 2 Functona] grmoup desigmetar does mot At the effect-response it diviion needed in
BEF tesearch. Thind, determindng 2 genensl relationship between tasonomic snd FIY is
neither necesary mor desdmblk in BEF msearch, Fourth, fundamenta] principhks

community sd biogoprmphical ecolopy that heve been brpely rwored in BEF research

coukd serve to dramatieally improve the scope and predictive eapebiities of BEF research,
We suggmst that distigrshing between hmeton] response traits and functiom] effect
traits both in combinstoria ] mandpulations of biodiversity and in dese riptive studies of BEF
conkd matkedly improve the power af such stedies. We oomstiuct 2 possib ke Framework For
reseatch that requires inteprating hunctimal, community,

hicgrecnrea phical, and ecosystem ecalogy with ooy,

hiogeoprphy, ecosptem  Rmctonming, fumctonal  grosps,  tesesrch

Vicusek 19197, MNaeem & [a 117 Tidman o ol 1997

Justin F. Wright
Dwpartment of Zoology,
University of Washingtan,
24 Kincaid Hall, Seatile,
WA 86795, LSA
*“Covrespondance: Enail:
naesms S washing ton.ede
First, it & eritieal to di
predictve, brosdscale BEF
Keywords
Bicsdiversity,
Framework.
Frndpgy Eatiers {2005] 6z 567=571
INTRODUCTION

The study of the ecomztem conssquences of baodremiy
lioes TEpTERe TS 2 syt hetae fekd of ecologeal research that

Wardle #al 197; Hector ofal 1999 Sankaran &
McMawghton 190 Emmemon o af AW; Engelhandt &
Ritchie 20010; Paane XN Plsterer & Schmad 2002), but

secks to undemtand how changes in species composiion,
distnbution, and abundance alter ecomstem functoning
{Schubee & Mommey 1993; Kinmg o ol 2002; Loreau o af
2002k; Masem X002, In ths work, scosvstem functioning
refers .i'l'.\’.'cllllclﬂl.' o bogeochenucal actvites, such as
production, communaty Tespartin, decompos ton, nuttent
cyching, or nuttient retenton. As changes in biodremsity are
wilspread, findings from ths msach have ecaved
conmderable  attenton {Maeem o al 1094 Iic:-cxp-r.-r -1

these findings have been and continue to be difficut o
imteTpret {Guterman 20K, Kamer 20K MNaeem AWEA).
Synthesis and consensus are emerging, however, and the
central challnges are beng identifisd {(Hughes & Petchey
2000; Lovean & Hector 2000; Loreau of al 20K fior
hicdvematy and ecosystem functioning (BEF) ressarch o
become a pradictive sdence. The question for BEF reseanch
is no longer whether bicdive raity matters, but how 1t matters
{Rosenfeld 2002).
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Sala et al. 2000

Policy is made even in the
absence of scientific
information

We know human accelerated
environmental change affects
biodiversity

We know biodiversity affects
ecosystem functioning

How do we effectively
synthesize and communicate
this knowledge
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Objective for ASW2
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i.e. Begin process of translating conceptual model into useful
output using existing data on species distributions, functional

traits and diversity/ecosystem function relationships < ,BIOMF—RGE




Goals for ASW 2

ldentify 3-4 data sets where we have data on biota,
their effect and response traits, and measures of
ecosystem functioning (may require synthesis of
large biotic inventories with trait data)

Derive effect and response algorithms for these
data sets

Predict new levels of ecosystem function given
addition of a driver to the system (how much does
biodiversity matter?)

Critically evaluate of proxies/shortcuts (e.g. FD,
functional groups, scaling relationships)

|dentify key gaps in our data/model

Bio.M.E.R.G.E.



Challenges for ASW2

How far can we get using readily available
data?

What data are necessary to fully
implement model?

Can we get these data?
If not are there ways around this?
Can we produce useful product?

= Bio.M.E.R.G.E.



Workshop Structure

Aquatic

Tropical

Katia Engelhardt Martin Solan

Brad Cardinale

Amy Downing

Jonathan Chase

Jennifer Ruesink

Diane Srivastava
MAAMA
XD
XD X

Andy Hector
Jason Fridley
Jennie McLaren

Natalia Perez-Harguindeguy

Jason Bradford
Rob Colwell

Ivette Perfecto

Oliver Phillips
Po Garden
Peter Raven

Mahesh Sankaran Jim Solomon

Clarence Lehman
David Hooper
Amy Symstad
Justin Wright

Mﬁm
Theoretical
Sandra Diaz

Shahid Naeem

Jennifer Hughes Claire Jouseau

Sandra Lavorel Peter Morin

Owen Petchey



Aquatic Group: Data

Dataset on benthic
community of Galway Bay,
Ireland. 2 sites, many
sampling dates

Functional classification of
species based on body
size, burrowing depth,
reworking mode

Sediment profiles from unpolluted (left) and polluted

Response: Biotic Mixing (right) sites in Galway Bay. Note shallower depth of
BMD in polluted site due to lower functional diversity
Depth (BMD) of bioturbators.

Photos and data courtesy of M. Solan

‘Bio.M.ERGLE.




. Aquatic Group: Progress
R o » Developed relationship
5 between community

21 o bioturbation potential
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Aquatic Group: Next Steps

 Allow for compensation within and among
functional groups following extinction

» Couple benthic and pelagic food webs

* Increase scale by using same analysis on
data from Chesapeake Bay that has
greater spatial and temporal extent

< __ Bio.M.ERGL.



Grasslands Group: Data

Data primarily from Cedar Creek
(MN) BioCON experiment

Measurements of many
functional traits on most species
in experiment made by Craine et
al 2002

Response: Above-, below-
ground productivity, N retention,
% transmittance. Can use N and
CO, treatments to examine
effects of changing drivers.

http://www.lter.umn.edu/biocon/

Craine et al. 2002. Functional traits, productivity and effects on nitrogen cycling of 33 grassland
species. Functional Ecology 16:563-574

Bio.M.E.R.G.E.




Grasslands Group: Progress

. Developed 3 models of “Functional Effects Algorithms” (FEAS)

1. Determine EF of each species in monoculture. EF of mix = biomass weighted
sum of EFs of constituent species

2. Incorporates species interactions: EF of mix = determined by EF of constituent
species in mix rather than in monoculture

3. Incorporates “trait density” measures — i.e. traits where dispersion of values is

more important than mean of values (e.g. rooting depth and phenology)

. Traits identified as important in regulating ecosystem function in

large-scale studies (e.g. SLA) not significant predictor at local
scale

. Hypothesis — environment selects for minimal variation in key
traits that are important at broad scale. Other traits are more

important at controlling small-scale variability in ecosystem
functioning.

‘Bio.M.E.]
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Grasslands Group: Next Steps

Clean up data from BioCON experiment and fill in
functional trait “holes”

Develop appropriate “frait density” statistics

Select traits for model based on mechanistic
assumptions

Compare 3 FEA models & success of functional traits
selected based on local analysis vs. large-scale analysis

Potential future papers looking at FEAs when confronted
with altered drivers; look across ecosystems to
determine what functional traits are important for
determining ecosystem functioning

‘Bio.M.ERG.E.



Tropical Group: Data

« RAINFOR data set: 1 ha
plots surveyed 9-23 years
— all individuals mapped
and measured

» Traits: wood density
(taxonomic), pioneer
Index, cation association,
moisture association, N-
fixer (taxonomic)

* Response: Changes in
distribution/composition &
biomass accrual

http://www.geog.leeds.ac.uk/projects/rainfor B'OMERGE




Tropical Group: Progress

* Integration of trait data base

* Recognition of orthogonal functional traits:
pioneer index (measured by wood density)
and size (measured by basal area)

* Used long-term data to estimate how
increases in CO, affect distribution of
functional traits — small decrease In
median wood density

< Bio.M.E.R.G.E.



Tropical Group: Next Steps

More refined trait measurements (e.g. wood
density for all species)

Estimate standing forest biomass and turnover
rates given changes in distribution of functional
traits

Incorporate additional drivers (wood harvesting)

More efficient database design to allow for
further analyses

Incorporate stem data from more recent surveys



Theoretical Group: Principles

« A fundamental theoretical BEF framework e
founded on basic ecological principles would g
serve to integrate findings from the case studies & M

Al L \

(aquatic, grassland, and tropical) e o

- A .the'oretlcal framework needs to integrate i = fiog normal)
principles from

 Eltonian pyramid m

Density

— Community ecology

» Trophic structure/dynamics Niche axis
+ Scaling rules
* The niche % hdid &
« The biotope € " L I D
‘ P Re ?)...
— Ecosystem ecology O Vot ) e
» Abiotic constraints on ecosystem/biogeochemical 0'.‘. g'.! w e
processes Environmental gradient = niche axis

» Coupled patterns of material cycling and energy flow

— Biogeography /) o)
* “Log-normalish” patterns of distribution and D %
abundance ﬂ
A /SN

* Gradient effects
* Island effects
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Theoretical Group: Progress

 We developed a theoretical

BEF framework that can be
examined by simulation
« We developed an algorithm for
constructing the biogeographic *
matrix that creates a biota S
consistent with e
biogeographical principles + Bd), ’ i
* We developed an algorithm for L L
constructing the response-

effect matrix that structures the
biota consistent with
community and ecosystem
principles

‘Bio.M.ERGLE.




Theoretical Group:

Conduct simulations and compare
findings with current empirical
evidence

Refine framework and improve
precision

Restructure framework for _
grasslands, tropical, and estuarine
systems

Simulate four scenarios

— Type l. Invasion. New species
are added from other ecosystems.

— Type Il. Over-exploitation.
Dominant species are over-
exploited.

— Type lll. Random extinction. No
particular driver is considered.

— Type IV. Forced. Increasing
eutrophication.

Arid - Moist
Grassland -- Tropical Rain Forest

Next Steps

Fresh water -- Saline
Fresh water Marsh --Salt Marsh — Eeel grass

MANGROVE
(o]
o
o
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ASW?2 Conclusions

Significant progress made in translating measures of
biodiversity and functional traits into ecosystem function in
some ecosystems

Generally, datasets that allow for this are rare

Need more complete measures of functional traits of
species

Need better measurements of role of functional diversity
in controlling ecosystem functioning

Significant progress was made in refining the theoretical
framework for BEF

Need to test framework by model building and simulation

__ BioMERGLE.



