Lecture 16, 11 Oct 2007
Paradigms
Populations

Conservation Biology -
ECOL 406R/506R 4 >
University of Arizona O~
Fall 2007 -, L 1 .
Kevin Bonine
Cathy Hulshof

Upcoming Readings

today: Text Ch. 5, Song of Dodo excerpt
Tues 16 Oct: Text 188-193

Thurs 18 Oct: Ch 7, Ch 8

Thanks to Scott Bonar, Ed Moll, Taylor Edwards
Q4 due 13 November 1

Conservation Biology Lab 406L/506L

Friday 19 Oct 1230 —> 1530
Meet 1230h S or W side BSE (4th and
Highland)

Hat, water, sunscreen, close-toed shoes

Readings on Course Website re:
Sewage Treatment Plant, Sweetwater Wetland




Debate 23 Oct 2007:

Should the Tumacacori Highlands be Wilderness?

Three groups — one will debate, another will
evaluate, third will observe, then we rotate.

Debate 1 (20 Sept.)
Group A debate
Group B evaluate
Group C observe

Environmental Gradient

Low alpha, High bata

Debate 1 (20 Sept.)
506 A assist

506 B assist

506 C observe

© Debate 2 (23 Oct.) Debate 2 (23 Oct.)
©  Group A observe 506 A observe
< )
Group B debate 506 B assist
Group C evaluate 506 C assist
Debate 3 (15 Nov.) Debate 3 (15 Nov.)
Group A evaluate 506 A assist
Group B observe 506 B observe
Group C debate 506 C assist
3
Phenology? Mean 80.1
ﬂ Median 83.5
2 _H_igh al;?l.‘lf, Luw hfta COU nt 34
Max 95.5
i Min 43
.l SD 11.9




Paradigms In Conservation
(Chapter 5)

1- Genetic Diversity (MVP, PVA)
2- Island Biogeography

3- Metapopulations

4- Habitat Heterogeneity
5- Disturbance

Genetics in Detail (Chap 6)
Populations in Detail (Chap 7)
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Effective Population Size

® Ne = 4Nme / (Nm+Nf)

e Eg: a population of seals with 6 males
and 150 females? (Number or Breeders)

e N, = (4*6*150)/(6+150) = ~23

Thanks to Chuck Price 7
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Quickly lose rare alleles in bottlenecks
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Genetic Drift

When populations number less
than a few hundred individuals
random events become more
important to genetic structure of
population than natural selection

> 3,000-10,000 breeding adults



Cyprinodon macularius

Desert Pupfish

Desert pupfish declined
due to the introduction and
spread of

exotic predatory and |
competitive fishes, water / ORGAN PIPE CACTUS
impoundment and ' / Ry § 5
diversion, ) ' o
water pollution, b
groundwater pumping, . |
stream channelization, and '
habitat modification.

ikl

Amasnte kb
k =5 10, ish inhabits this
Desert Pupfish === oasis. This last refuge of a

P unique fish is being actively
managed.

Population Extinction Vortex
(problems with small populations)

F Vortex: inbreeding depression, lethal equivalents
(homozygous recessives)

A Vortex: genetic drift and loss of variation
(can't adapt)

R Vortex: r = spontaneous rate of increase
(coupled with environmental stochasticity)

D Vortex: discontinuity (isolation)



Environment-Independent
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Figure 5.5

Tra Faorsms anl A vortx, o aceelerating and degeneraive eyclesof population decline hiven by an increcsing level of inbrescing
depression (F vortex] or a decreasing ability of he population 1o adapt to o changing ervironment (A vortex). Boh are exacetbated in small
populations. N is the population size, Dis the population distibution, ris the population’s instantanecus rate of increase, and M. is the
effective population size.

After Gilpin and Soulé (1956). VanDyke 2003

Disturbance Population
Phenotype

Environment

Population
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Population Structure
and Fitness

Population
Structure
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1 Fragmentation

Demographic
Randomness
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Randomness

Extinction
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Figure 5.6

The R Vortex, an cccelerating and d cycle of popul
decline driven by increasing vuherabilty to envimnmental
disturbance at low population sizes. M is population size, D is

population distibution, ¢ is the population’s instanioneous ke of Figure 5.7
increase, and N, i the sffecive poukiion size The D ox disconiinity vorte, oo ccelercding el degenerive
After Gilpin and Soulé (1936) cycle of population decline driven by the fragmentation of the

population inke smaller and smalker subunits. M is population size,
Dris population distibution, and ML is the effective population size.
A lowering of N and an increass in demegraphic randomness can
alter the spatial distribution of a population, infreducing or

VanDyke 2003 increasing fragmentation. Mare fragmented distribuiions increass
the likelihoad of local exinctions.

After Gilpin and Soulé (1986).



Hardy Weinberg
and Heterozygosity

two alleles: p, q

(p + g)* = p? +2pq + ¢?

Under Hardy Weinberg Equilibrium

H, = 2pq
H, can be calculated

If p=0.6, q=0.4,
then 2pq = 0.48 = H,

Inbreeding, if H, < H,

Outbreeding, if H,> H,

Wright's Fixation Index

Fst = 0, or <0.01 indicate little divergence among pops.

Fst > 0.1 indicate much divergence among pops.

Hardy Weinberg Equilibrium, two alleles: p, g
Expected heterozygosity = 2pq

Fst = (Ht-Hs)/Ht (H= heterozygosity)

l \ Separate populations
Total Pool P Pop 16



Equilibrium Heterozygosity (an=0)

H* = 2Nm

H = heterozygosity
N = population size
m = mutation rate

Therefore, smaller populations have
lower equilibrium heterozygosity

Assumption: reduced genetic
variation in a population correlated
with reduced ability to adapt to
changing environmental conditions.

Minimum Viable Population (MVP)
(Frankel, Soule, Franklin, Shaffer)

50/500/+ Rule

Short ter\
Mid term

Long Term

PVA...



Biogeographic Realms

ctic

. FIGURE 13.15 Biogeographic realms of the world.
(Pangaea) _ Zug et al. 2001

2. Island Biogeography
Quammen Excerpt from Song of the Dodo (p.52-55)

Frogs vs. Birds

Lyell

Wallace dispersal

Darwin

MacArthur Oceanic vs. C;ontmental
Wilson succession

Size, Age, Distance
~equilibrium

20
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Dispersal

RAFTING ISTHIMIAN  LINKS Figure 19.5 These
- A sketches by John Holden

illustrate various
explanations for the

on landmasses that are
presently separated by vast
oceans. (Reprinted with
permission of john Holden)

Tarbuck and Lutgens 1999

\

Vicariance
21

Islands, especially Continental, affected by:

- Plate tectonics
- Climate (glaciation, drought)
- Sea level

Table 5-5  The amount of time during two Pleistocenc intervals that sea levels in southeast Asia
were at or below present levels (BPL; given in meters). The approximate number of years in each
time period, the approximate percentage of years in each time period, and the estimated number of
times within each period that sea level fell below the level shown in column 1 are given.

COﬂﬂGCthlty Past 150,000 years Past 250,000 years
Sea Level
BPL (m) Years % of time Events Years % of time Events
120 3,000 2 1 15,000 6 2
100 7,000 5 1 29,000 12 2
75 14,000 9 i 42,000 17 2
50 40,000 27 5 99,000 40 5
40 65,000 43 7 136,000 54 6
30 93,000 62 5 167,000 67 6
20 107,000 71 4 201,000 80 6
10 134,000 89 3 227,000 9N 3

Source: after Voris 2000, Table 1. Fooh et 200

occurrence of similar species

11



Equilibrium Theory of
Island Biogeography

Near Species equilibria for

A: small islands far from colonizing source
B: large islands far from colonizing source
C: small islands near colonizing source

D: large islands near colonizing source

Far
Small

Rate —

Large

<D

Figure 5.9

The equilibrivm model of island biogsography predicts that numbsrs
of species on an island represent an equilibrium between rates of
immigration and exfinclion. Immigration rates increase with

lonizing source. Extinction
rates increase with dec q area of land. The four equilibria
shown |A, B, C and D) depict ditterent nations of island size
and distance from its colonizing source. The equilibrium theary of
iskand biogeography predicts that largs islands near a colonizing
source will have more species than small islands far from a
colonizing source

Adapied fram MacArthur and Wilsan (1967 ).

e from an islond’

VanDyke 2003

A BC D
Number of Species —

Equilibrium Theory of
Island Biogeography

eHabitat Fragmentation

*Reserve Design

Figens 5,10

23

TS ——

.- o ot it S et

Lo g e i  rten e

*Predictions vs. Observations

*Missing Factors
-Rescue Effect

-Habitat Suitability

-Sink vs. Source

-Habitat Heterogeneity
-Species Interactions 24
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Adaptive Radiation

R,
i ,.”J’- =

Galapagos Mockingbird

:._ﬁ'f
Hood Mockingbird Chatham Mockingbird Charles Mockingbird

- e

http://lwww.rit.edu/~rhrsbi/GalapagosPages/mockingbird.html
26
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Galapagos

Humboldt Curre

Figure 5-11 Phylogenetic relationships and patterns of colonization of vertebrates in

the Galapagos Islands. Lefr, The location of the Galapagos Islands and the direction of the Pough et al. 2004
Humboldy Current, which presumably helped transport colonizers to the islands, Righr,

Three major patterns of relationships of Galapagos b The time scale is arbitrary.

The arrow on the horizontal axi: icates the tme of origin of the present archipelago

andfor the initial introduction of each group. Solid lines indicare the rdiation of the endemic

Galapagos tuea; dashed lines indicate the relationship of these taxa to their closest living

mainland sister group. (A} Pattern of relationships for the land and marine iguanas (Comalapbne

and Amilyripnchns), which show minimal differentiation within species, but share a remote

common ancestor considerably earlier than the arigin of the istands. (B) The giant tortoises

(Gescheione) (and Darwin's finches) are endemic radiations within the archipelag ing

from a single colonization event. In the caie of the tortoises, the mainkand ancestral group ap-

pears to he extinct, (C) The gecko (Phylladactylus), lava lizaed (Microlopbus), and rodent radia- 27
tions appear to have resulted from multiple introductions from separate mainland stocks al-

ready differentiated 1o some degree. (Sowrce: Patton [984,)

.

BLEAI :
e FINCH

..lulllfllu'l g T TS ) 28
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rge tree finch?

warbler fi

ian finch

Jwny yourquimaed/ssbedsobederen/1gsayd~/npa i mmmy;:dny
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65 million years ago

FIGURE 13.16 Diagrammatic reconstruction of the history of continental drift

Alfred Wegener, winter 1912-1913

Crustal Plates moving 1-12 cm / year

31
Zug et al. 2001

32
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Plate Tectonics — not fully accepted until 1960s

Crustal Plate Boundarie: - ) ", .
€ ® Coastlines, Political Boundaries

Antarctic
plate

Campbell 1993

17



Alfred Russel Wallace
(1823 - 1913)

Wallace’s Line
9
Weber’s Line

Dispersal Ability

Pough et al. 2004

FROGS

A

T .Mal;g peninsula

SNAKES

Figure 5-13 Patterns of faunal resemblance among
areas of the Sunda Shelf in their frog (top) and snake
faunas (bottom). The numbers reflect the number of
shared species het areas, caleulated as indexes of faunal
similarity, where Similarity = (2 % number of species in
common)/[(number of species in area A) + (number in area
Bj]. Mote that snakes share 3 much greater proportion of
species among these areas than do frogs. This very likely
results from differing dispersal capabilities as well as differ-
enees in the potential for population isolation and specia-
tion. (Saterce: Inger and Varis 20010,

36
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Dispersal Ability (Isolation by Distance)

Figure 5-15  Correlation between genetic divergence 8 T =
and geographic coastline di separati la- i i sl st e ."
e e e oo SRR i T
percent confidence limits). (Source: Karns et al. 2000.) S) 8 e ; e
25
Pough et al. 2004 @ 3 .
8 A SHELF i
5 2 PLUS oo 4 Dealin i
0 THE PHILIPPINES AND SULAWES! i
E 0 2000 4000 6000 000 TUEIIUU
Present-day Coastal Distance (km)
37
“Spatially disjunct groups of individuals with
some demographic or genetic connection”
“largely independent yet interconnected by
migration”
1. All local populations must be prone to
extinction
2. Persistence of entire population requires
recolonization of individual sites.
See p.193 in VanDyke text
38
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U @ bvs.d

Source

b (B)

Survivorship

Sink

Quality of Habitat'

| Figure 5.17

A visual rzprasentalion ol the sourcesink medel of habiiat
disiribulion. In seurce habitats, reproduction produces a populaticn
suiplus (e merality does not decrease the number of ndividuals
e because of overcompensation through repreduction). Surplus

Th mairkans indivicuals move e sink habitats where moriality exceeds

ivly oo 0im ot of survivorship, Sink habilas cannal be maintainsd by reproduction,
but depemd on immigretion o maislain a population.

(] )

metnpopukstion (bl depict local exin
populations. The maink

nfand /souce, esisant o e
prowicas of colonsan. The itland and sink mekypopulations
sagiondl peidence. In paichy papiietions [c], becouse of the high level of
emigralion and immigrafion, the paiches kaction as o sngle wt. ) o i hat
discinn local populabans became estinct, The abuence of inw
socokonizmon o balonce estection disingethes nonedqu
Extction of mesapopiations cocurs as pan of an cverall regional decline [ & , o

procuct of the seductan hogmersasen, o detercraren of a habil) 39

After Harrtson { 1961)

Juggling Balls, Oranges, and Mites:

O@LO@@@()
@Leed e\
OOOO@OOO)
Ll eer L

Figure 5.11

A diugmmmcﬁc representation of Huffaker's experiment on the persistence ofa preduh:)hprey system of hwo species of
mite. Dark circles represent oranges that mites could colonize and white circles represent rubber bells of “nonhabitat”
that the'y could not celenize.

After Huffaker (1958) and Huffaker, Shea, and Herman (1963).

40
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Metapopulation:

Hydrothermal Vents

Lowland Leopard Frogs
(thanks to Don Swann)

41

21



22



i

A,
FE2 N
F N

Distribution of Lowland Leopard Frogs
4k in Rincon Mountains, 1996-2001
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Metapopulation Dynamics
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4. Habitat
Heterogeneity

Conserve Bigger Area?

Conserve More Diverse
Habitats?

&
v & &

Chytrid Fﬁnus

~ i

120 —
y =844 — 0.13x, A? = 0.34, P < 0.0001
110
L ]
100 |-

Population Variability

50 100 150 200 250 300
Habitat Heterogeneity

Figure 5.23

Populations of bush cricket (Metrioptera bicolor subunits exemplify
that population size is less variable as heterogeneity increases. Dark
circles indicate parches where local extinctions cecurred. White
circles indlicate patches with extant populations. Population
vcm'c:bihfy was measured by the eoefficient of varianes (ev] ef local
population size, and habital helerageneity was measured using
digitized infrared aerial photographs. Each patch was assigned
values accarding to how much the patch deviated from the standard
level of gray in the photegraphs (SD-huel.

After Kindvall (1996).
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5. Disturbances

-Endogenous
-Exogenous

An SUV is seen covered by sand as residents walk to their homes to inspect the
damage by hurricane Ivan Wednesday, Sept. 22, 2004 in Pensacola Beach, Fla.
Beach residents were allowed to see their homes for the first time since the
hurricane. (AP Photo/Alan Diaz)

Habitat Heterogeneity and Disturbance

Climax Community
vs. Shifting Mosaic

- Tree Fall in Forest
- Fire
- Beaver Dam on Stream

27



Intermediate Disturbance Hypothesis

o

“succession|reset” “supercompetitors”

Low

High — Frequency of disturbance - — Low 55

28



