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Indicators of Biodiversity

goals of conserva
1on of biodiversity.
at 1s biodiversity?
istory of trying to define it.
multidimensional concept.
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Indicato lodiversity

approaches to biodive
—Rich = number of species
—Eve = extent to which species ¢
ally distributed
—| = organism that se
asure of environmental conditions
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try to derive the “dimensions
rsity starting from properties of
stems, 1n particular normal, healthy
petition between species.

ing food webs and

Arose from a problem of ecology.

Joel Cohen 1968
1dea: Two species compete if they hav



ood Webs

oh) be species 1n an ecosystem.
nclude an arc from x to y if x preys oi
Usual assumption for us: no cycles.

owl




Competitior f Food Webs

a corresponding undirected gray
es = the species 1n the ecosystem

between a and b 1f they have a com
7, 1.€., 1f there 1s some X so that there are
1 a to X and b to X.
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cs (a,x) e A and (b,x) € A.




1dea 1n the study of competition grap
of interval graph. It arose from a probl
tics posed by Seymour Benzer.

(1959): The problem was:
ou understand the “fine structure” inside
without being able to see inside?



ically, geneticists had treated the chrom
near arrangement of genes.

zer asked 1n 1959: Was the same thing t
> “fine structure” inside the gene?




e, we could not observe the fine

zer studied mutations.

ssumed mutations involved ‘“connected
ructures” of the gene.

ring mutation data, he was able to
ot two mutations overlappe
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e structure of a gene be represe
al graph? We say that the graph 1s e
if 1t 1s consistent with a linear
gement.
1s: A graph 1s an interval graph 1f we can fi
als on the line so that two vertices are joing
n edge 1f and only if their corresponding
als overlap.
al graphs have been very important in
s. Long after Benzer’s problem was sc
er methods, interval graphs playec
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genome.
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e give intervals for a, b, ¢, y and
1S no room for x without




Intersection of Boxes
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not an interval graph.

g d
vever, 1t can be represented as the
ection graph of boxes 1n 2-space.







t factors determine a species’ n
environment.

can use each such factor as a dimension.
n the range of acceptable values on eac
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Factors A

oical niche 1s a box.

lodiversity
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Factors A

Blodiversity

*Simplifying a
acceptable ranges ¢
dimension are indep
of values on other
dimensions.




Factors A Ing Blodiversity

vical niche 1s a boi(.
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ogical principle: Two species ¢
only 1f their ecological niches overla

1 Cohen (1968):

Start with an independent definition of
ompetition

Map each species 1nto a box (niche) in k-
ace so competition corresponds to box

erlap (niche overlap)
d smallest k that works.



lly, Cohen started with the co
defined before.
juestion then becomes: What 1s the be
e competition graph?
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deer spear grass

S 1S an 1nterval graph. Thus, boxicity 1




1. Juvenile F

2. P. Minutus

3. Calanus & Eur
Barcillia

4. Euphasid Eggs

5. Euphasiuids

6. Chaetoceros Soci
& Debilis

7. Mu-Flagellates

yons and LeBrasseur
| Food Webs and Niche Sg




Strait of Ge

anada
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boxicity
ompetition

Strait of C




Strait of Gec




Key
. Canopy
flowers
. Canopy animals
bats, etc.
. Upper air animals
Insectivores
. Insects
. Large ground animal
mammals & birds
. Trunk, fruit, flower
. Middle-zone scansc
animals
8. Middle-zone flyi
9. Ground — root
on leaves
0od Webs and 10.Small grc
11.Fung




Malaysian Rain Fore




e boxicity
ompetition

Malaysian Rain
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first 12 years after this problem wa
duced, every food web studied was fou
€ a competition graph that was an interval
ph.

1976, a Rutgers undergraduate, Gordon Kru
und the first example of a food web whose
petition graph was not an interval graph.
rose from a complex set of habitats.
erally: Food webs arising from ““single
t ecosystems” (homogeneous ecosys
petition graphs that are interva



Structure of Com etltlon Graphs

The remarkable
Cohen’s the
usually I
researc
and on
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evelop models for randomly generatin
od webs

Calculate probability that the correspondi
competition graph is an interval graph
—Much of Cohen’s Food Webs and Niche
Space takes this approach.

Cascade model developed by Cohen,
ewman, and Briand. But Cohen and Pal
wed that under this model, the proba
ompetition graph 1s an interva
s the number of species 1



alyze the properties of competition ¢
t arise from different kinds of digraphs
haracterize the digraphs whose
orresponding competition graphs are inte
raphs.

uch known about the former problem.
atter problem remains the fundamental
blem in the subject.



e D 1s an acyclic digraph. Then it
etition graph must have an 1solated ve
ex with no neighbors).

eorem: If G is any graph, adding sufficient
any 1solated vertices produces the competitio
aph of some acyclic digraph.

oof: Construct acyclic digraph D as follow
rt with all vertices of G. For each edge {x
, add a vertex a(x,y) and arcs from x a
(X,y). Then G together with the 1s0
a(x,y) 1s the competition graph
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cyclic digraphs that have arbitrarily high
1city.

*Thus, the
to Joel Cohe



The Cc ber

s any graph, let k be the smallest nt
at G U I, 1s a competition graph of so
lic digraph.

k(G) 1s well defined.

alled the competition number of G.

4) = 4 from the previous example




etition numbers and boxicity are kno
interesting graphs and classes of graph

WEVeEr:
orem (Cozzens 1980): It 1s NP-complete t
rmine the boxicity of a graph, even if a gr
boxicity greater than or equal 2.

to compute k(QG).



erization of which graphs arise as
etition graphs of acyclic digraphs com
to the question: Given a graph, how ma
ated vertices 1s 1t necessary to add to make
a competition graph?

ere has been extensive work over the years
ithms for calculating the competition



Data Gatherl unity Food
Web ource

one gathers data about food webs can
ence your conclusions about competitio
ohs, biodiversity, etc.
ommunity food web includes all predatio
10NS among species.
actice, we don’t always get all this date
start with some species, look for spec
v on, look for species they prey ¢




Data Gathering: Imunity Food

e F 1s a community food web.
be a set of species in F (ones we start with
X be the set of all species that are reachable b
in F from vertices in W.
>0, we start with vertex of W, find its prey, fin
2y of the prey, etc.
" be the set of all species that reach vertices
in F.
e start with vertex of W, find its prec
of those predators, etc.




Data Gatherir nmunity Food

se F 1s a community food web.
/ be a set of species in F (ones we start with
be the set of all species that are reachable b
n F from vertices in W.
he subgraph induced by vertices of X is calle
' corresponding to W.
be the set of all species that reach vertices

bgraph induced by vertices of Y 1s
source foc corresponding to W.
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Data Gathe
Web

unity Food
ource

rem (Cohen): A community food wek
petition graph that 1s an interval graph 1
if every sink food web contained 1n 1t dc

ever: A community food web can have

petition grap.
source f00d

1 that 1s an interval graph w
. web contained 1n 1t has ¢

ition grap

1 that 1s not an interval ¢




petition graph of F

IS an interval graph.



ity
b F

()
e

Y2}
e competition graph
rce food web of W?

lefy,z}

1 graph of the
0 from W

This 1s not an interval graph.



Data Gatherl nmunity Food

surprising result points up some of th
Ities involved 1n understanding the
ture of competition graphs.
so leads to interesting caveats about ge
usions using models that are tested wi




ains a challenge (dating back to 1968
rstand what properties of food webs giv
ompetition graphs of boxicity 1, 1.e., inte
hs.

computational sense this 1s easy to answ
iven a digraph, compute its competitio
h (easy)

rmine 1f this 1s an interval graph
o be solvable 1n linear time



¢ useful would be results that explain the
ctural properties of acyclic digraphs that g
to interval graph competition graphs.

wever, such results might be difficult to fi
ere 1s no list L (finite or infinite) of digrap
that an acyclic digraph D has an interva
competition graph i1f and only 1f does
induced subgraph 1n the list L.



e are, however, results with extra
mptions about the acyclic digraph D.
ample: It 1s useful 1s to place limitations o
indegree and outdegree of vertices (the

ximum number of predator species and

ximum number of prey species for any give
cies 1n the food web). Is this reasonable
ver? Then there are some results with
en lists L. (e.g., Hefner, et al., 1991



Biodiversity

vlications of th
of biodiversity?

eGeneral C
“dimensi
Importar
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