Biodiversity

The heart and soul of
conservation ecology g

What about just protecting species?
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e How do you define a
species?

# Isn’t this obvious?

e Implications for ESA?

¢ What about the public?
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What’s biodiversity in the first place?

¢ Biological diversity

o The variety of life in all its forms, and at all levels
of organization.

e The variety and relative abundance of species.

» The genetic, taxonomic, and ecosystem variety in
living organisms of a given area, environment,
ecosystem, or the whole planet.

e The structural and functional variety of life forms at
genetic, population, species, community, and
ecosystem levels.

What's a species?

e Several different
concepts

e Typological

God makes the snake

What's a species?
e Ecological

THE NICHE-RELATIONSHIPS OF THE CALIFORNTA
THRASHER.!
BY JOSEPH GRINNELL, hy, Changing Climates,
EEyolution

Tug California Thrasher (Torostoma redisinum) is one of the
several distinet bird types which characterize the so-called * Cali- %
fornian Fauna” Its range is notably restricted, even more so
than that of the Wren-Tit. Only at the south does the California
Thrasher oceur heyond the limits of the state of Californi, and in
that direction only a8 far as the San Pedro Martir Mountains and
San Quintin, not more than one hundred and sisty miles below the
Mexican line in Lower Califorais.

An explanation of this restricted distribution is probably to be
fonnd in the close adjustment of the bird in various physiolgical
and peyehological respects to a narrow range of environmental
conditions. The nature of these eritical conditions is to be learned
through an examination of the bird's hobitat. Tt is desirable to
make sueh examination &t as many points in the general range of
the species as possible with the ohject of determining the elements
common to ull these points, and of these the ones not in evidence
bevond the limits of the bird's range. The following statements
in this regard sre summarized from the writer’s personal experience.
combined with all the pertinent information afforded in literature,

1917; The Auk




What’s a species?

e Biological
o Mayr (1969)

What’s a species?

e Phylogenetic/Cladistic
o Synapomorphies
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Bony skeleton

http://evolution.berkeley.edu/evosite/evo101/lIHistory.shtml

Special kinds of species

e Keystone
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What's a species?
¢ Genetic

BARCODE “
OF LIFE

i

i
s

Ten species in one: DNA barcoding reveals cryptic
species in the neotropical skipper butterfly
Astraptes fulgerator

Pk O M. Mebest®", Erin K. Peaton®, Joha M. Burms’

G bee
inthe car buf there's
nothing fo fear- Z//Jusr
pull over and let it out- Zom|

not going 1o panic

¢ What's a
conservation
ecologist to do?

Special kinds of species

¢ Keystone

e Ecosystem
engineers

¢ Indicator
¢ Umbrella
¢ Flagship
¢ Vulnerable
e Economic



http://ibol.org/phase1/
http://ibol.org/phase1/
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Special kinds of species

¢ Keystone

e Ecosystem
engineers
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Special kinds of species

e Keystone

# Ecosystem
engineers

¢ Indicator

e Umbrella

# Flagship

e Vulnerable
e Economic

Photo: John Abbott
“Rarity precedes extinction” (Darwin 1859)

Aren’t we all special?

A GO-FOR-BROKE RESCUE MISSION
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https://www.nytimes.com/video/movies/100000003386942/the-fantastic-mr-fox-wild-animals-exclusive-dvd-clip.html
https://www.nytimes.com/video/movies/100000003386942/the-fantastic-mr-fox-wild-animals-exclusive-dvd-clip.html

Regardless of the name, how many?

BEE [ # described?
0o
Plants /
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. CoflL
Fungi
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Animals
76%

One famous older extrapolation

Biodiversity and Conservation 2, 215-132 (1993)

How many species are there?

NIGEL E, STORK
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specifc 10 50,000 spp. of tre.

Terry Erwin
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DATA-

Samgle of beeties from 19 trees.

Fig. 1. Erwin's (1982) method of estimating global diversity of tropical insects. Note that on this
scale the thickness of the lines for the DATA and STEP 1 levels should be 0.0016 mm and 0.012
mm thick.

Do we need them / M/\/
all? i

e Some competing

Ecosystem function

hypotheses (plus null) i
=2

Biodiversity

Pipons 1. Foampiesof severat proposed ypouetical
assoctations between biotic diversity and ecosystem
Siston, Prmston efors 1 bigoot omc proverses
‘of ecasystems, Autbors for the bypotbeses are s fol-
lows: rivetpopping, Eblich and Ebrlich (1981} non-
linear, Carpenter { 1996); redundancy, Walker (1992)
and Lawton and Brown (1993); tdiosyncratic, Naeem
etal (1995); bumped-shaped, Rosenzueig and Abvant-
sky (1994); and compensating/keystone, Sala ef al
(1996) Naeem (1968)
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And’ iS that a”? TABLE 2.1 Number of Living Species in Major Phyla®

Number of Number of
Domain/ described  estimated  Percent
kingdom  Phylum species. species described
Viruses -_ 5,000 500,000 1
Bacteria — 4,760 1,000,000 05
Archaea = 259  Unknown
Arealistic total #7? |Fukme
Protista" = 80,000 500,000 16
Fungi Eumycota 80,000 1,500,000 5
Plantae  Bryophyta 15,000 30,000 50
Trachacophyta 272,655 500,000 55
Animalia  Porifera 15,000 - -
Cnidaria 10,000 = —
Platyhelminthes 25,000 — —
Rotifera 1,800 - -
Bryozoa 5,000 = =
Nematoda 25,000 400,000 6
Arthropoda 1,065,000 9,000,000¢ 12
Annelida 15,000 = —
Mollusea 70,000 200,000 35
Echinodermata 7,000 = =
Chordata 57,739 60,000 %

in Margulis and Schwartz 2000; Lecointre et al. 2001
2004; Maddison and Schultz 2004,
000 described species.

Source: Adapted from
IUCN Red List 2004;
‘Major phyla liste
*Protista lumps 5

nct kingdoms within the domain Eukaryota

2016

At-genenation monitoring of aquatic biodiversity using e
tal DNA et o8

Screaning mammal bioerarsity using DNA from leaches

DNA barcades from century-nld type specimens using
next-generation sequencing

Describing biodiversity

e Alpha
e Beta
e Gamma

Introduced by R.H.
Whittaker (1972, Taxon)



http://www.catalogueoflife.org/

Alpha diversity (o)

Statistical Estimation

[ ]
of Species Richness
and Shared Species

from Samples

Home | About EstimateS | EstimateS Download | EstimateS User's Guide | Support | EstimateS & Biota | Links

Gotelli and Colwell (2001)

o and B Diversity example

Table 1. Characteristics of 30-m transects established on the rims of six Carolina bays at Lewis Ocean Bay Heritage
Preserve. In cach bay, two transects were established. one on a side nim and one on an end rim. Means are presenied +
standard error. n = 6. Superscript letters indicate no significant (P > 0.05) differences between side and end transects
Position Beta Tumover (B7) Elevation Change (m)
Side 2z o3 06 =02

End 30 = 0.3 06 = 0.1*

Laliberte et al. (2007)

Diversity indices
¢ Combination of and

o Examples: Shannon index, Simpson index
# Some issues

o What do they really mean?

o Describes an overall community, not ....

THE NONCONCEPT OF SPECIES DIVERSITY: A CRITIQUE AND
ALTERNATIVE PARAMETERS'

Sruart H. Hureeert2  (1971)
Division of Biological Control, Dep. of Ei 'y, University of California, Riverside

Abstract. The recent literature on species diversity contains many semantic, conceptual,
and technical problems. It is suggested that, as a result of these problems, species diversity
has become a meaningless concept, that the term be abandoned, and that ecologists take a
more critical approach to species-number relations and rely less on information theoretic and
other analogies. As multispecific collections of organisms possess numerous sg:ahsgncal proper-
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Beta diversity (B)

e Describes...

¢ Many methods used to quantify
o Whittaker's Measure
eSla-1

e Where S = all species across sites; o = average # of
species per site

Miami of Ohio agroecosystem plots & mesocosms

Gamma diversity (y)

Region 1 Alpha Gamma Beta
(species per (species per (gamma/
mountain) region) alpha)

C F C F C B A
b A 6 7 12
A A
Region 2
C
A G ] 4 10 25
Region 3
E I
R G 3 9 3.0

Some explanations of biodiversity
¢ Niches and competition
# Species area relationship
e Intermediate disturbance hypothesis

e Productivity
7 s K

When the British biologist J. B. S. Haldane 1””’”"”‘”"

was asked by a group of theologians what
one could conclude as to the nature of the Fondness for
Creator from a study of His creation, Haldane

is said to have answered, “An inordinate %Beelles
fondness for beetles”. .

nhur V. Evins
Harles .. Belluamy i Chares Wacson


http://viceroy.eeb.uconn.edu/estimates
http://viceroy.eeb.uconn.edu/estimates

Niches and competition

e Gause’s law of
competitive exclusion ”

e Resource partitioning
leads to...

Species-area equation

®?

® But, ecologists often do what to the equation?
# Z often set to

e Implications for conservation?

Local scale

Productivity

Mechanism?

Diversity in 30 freshwater
ponds of Michigan

Producer richness
tee .
L H

N
.
L 0
.
.

.

o
.
.

0 P
0 20 40 60 80 100
Productivity (g cm-2/15 d}

Sﬁrnwnnwwv—vf

Chase & Leibold (2002, Nature)

E .
218f . K . A
o
But, see Adler et al. (2011, Nature) 0 20 40 0 80 100

Productivity (g cm2/15 d)

2/16/2020

Species-area relationship
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e Mechanism?
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Intermediate disturbance hypothesis

e Mechanism?

Connell (1978)
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“ But, see Mackey &
Currie (2001, Ecology)

Geographic trends: An old stand-by
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Hotspots of diversity
# Are some places more important to protect?

Taxa # of # %
Species | Endemic | Endemic

Plants 13,000 11,600 89.2
Mammals 155 144 92.9
Birds 310 181 58.4
Reptiles 384 367 95.6
Amphibs 230 229 99.6
Fishes 164 97 59.1

Wait a minute. What about...
Diversity and Distributions, (Diversity Distrib) (2015) 21, 236-244
A How global biodiversity hotspots may
ML go unrecognized: lessons from the North
American Coastal Plain

Reed F. Noss'*, William J. Platt®, Bruce A. Sorrie’, Alan S. Weakley’,
D. Bruce Means", Jennifer Costanza® and Robert K. Peet®

Languages and hotspots
e “A total of 3,202 languages, nearly half of those on
Earth, currently are found in the 35 biodiversity
hotspots
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Gorenflo et al. (2012) (S e
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Biodiversity hotspots

e 25 hotspots; 1.4% of land cover of Earth

e Contains 44% vascular plants; 35% of 4 vertebrate
groups

e 25,416 Google Scholar citations as of 202_0

Humans and hotspots

e In 1995, 20% of humans (1.1 billion) live in the
hotspots; growth rates there (1.8% per yr) are
higher than world-wide average (1.3% per yr)

16 ] Wikomess sreas

o1 Biodiversity hotspots.

Cincotta et al. (2000)

War(?) and hotspots

¢ 80% of major armed conflicts between 1950
and 2000 took place in biodiversity hotspots
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Hanson et al. (2009)

Figure 1. The world's 34 ty et al. 2004) and the location of all armed
conflicts with over 1000 casualties between 1950 and 2000 (points) (conflict data from Armold 1991; Sarkees
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Biodiversity coldspots?
HOtSpOtS vs. NGO offices e Kareiva & Marvier (2003, Amer. Sci.)

e If hotspots are so important, what about the rest—
are they then coldspots?

e Any problems with hotspots?

number of
endangered genera

9 ormore .
7ors <
Figure 2. Biodiversity hotspots ined by Myers et al. 2000 fred), span the globe. but they fall mostly in the tropics. The it .
hot ept is evident in ribution of the office locations for the ernmental conservati | L 4 “
d rvation Internati be Nature Conservancy and the World n here with man
United Staes and Western Europe of ARC Scienee) Il 4ortess L
Kareiva & Marvier (2003) ~ Threatened mammal and bird genera

Now what should we do?

e The rest? Relative cost?




