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MEASLIRIMG POPLILATION FRAGMEMTATION: F STATIETICS

Diversification among fragments in the means for quantitative
characters increases with generations in a manner similar o allele
frequencies [Fig. 14.7). Since we cannot distinguish the individual boci
and follow their allelic frequencies. changes in additive genetic vari-
ances are measured. Additive genetic variation (V) among fragments
increases and that within populations decreases in parallel with
heterozygosity. Por additive loci ino dominance| the genetic varance
amaing pupuLal:ilm: increases o 2RV, whilst the genetic variance
within populations decreases (o Vy (1 = Fj (Falkconer & Mackay 1996).
‘With dominance the situwation is more complex. However, the genetic
variation among populations increases with F. while the variation
within populations may increase initially with F, before declining to
zero at high values of F (Van Buskirk & Willi 2006).

Each of the many loci affecting a quantitative character undergoes
drift independently. Some attain fxation, while others remain paly-
morphic. The combined efect across all beci in the genome will
closely reflect the average effects we have defined above (Table 14.2),
ie. an overall reduction in heterozygosity. However, replicate popula-
tiond from the same initial base population will have diverse genetic
constitutions, as they will vary in the alleles fixed. and in the boci stll

polymorphic,

Fandom genetic drifi for abdominal brivgke mamber in frgic s (afier
il & Machiy | 996, bijed an Rasmusan|. Meis beiile numbsr séroi péneriboss o
10 peospecd amscires. 3l Apunsed from che sama base popiiaron, 3nd reproescsd Foem 3 g
pair of parenta in gach gemeration (Twe popditions became eazinct). Moo dhfl over
pEReeTEAE o0 madvatieal hap and duweig arang pep TR A
warednie wall genentun

Measuring population fragmentation:
F statistics

Sewall Wright (Wright 1969 partinoned inbreeding in the total (T)
population (i) into;

# imbreeding of mdividuals relative o their sub-population i5) or
fragment, Fy, and

B bhabaanaidlaa daa a Aiamnilatlan e b aanadatiens aalatbia

Cuariitatae characters exhibit
dearification n popuiaban
means due 10 genetc dai

Thae degree of dfereniation
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| 14 POPULATICN FRAGMEMTATION

Frr. Fig and Fyr are referred 1o as F statistics (Wright 1969) Fig is the
inbreeding coefficient, F [Chaprer 12L averaged across all individuals
fram all population fragments. Foy (referred 1o as Ggy for multi-allelic
loci) is the effect of population subdivision on inbreeding. For a locus
with two alleles. by is defined as

F ﬂ: (14.3)

TR -4
where ji is the mean frequency of allele and 7 is the variance in
l'i'rq'l.lrurr of allele A, Wlllh-PUPI.IJII'iDﬂI. When all lub-pnpu!a!iqnl
have the same allele frequencies, both oy and Fg are gero. If the
variance is at its binomial maximum p(1 - pj, then Fg = 1, Thus, Fg
has a ramge from 0 ino differentiation among Fragments) to 1| fixation
of different alleles in fragments) for loci with two alleles. Note that
a; = ap.

F statistics can be calculated wsing Equation 129 which relates
heterozygosity and inbreeding, This allows F statistis 1o be deter
mined from heterozygosity for genetic markers using the following
equations [Mei 1987

H

Fg=1-2_" 14.4)
" Hy y
Hs
eel-2 (14.5)
H
Fa=1-:2 (14.8)

Hy

where H, is the observed heterozygosity averaged across all popula:
tion fragments, Hy is the expected heterozygosity averaged across all
population fragments and Hy is the expected heterozygosity for all
populations, treated as a whole jequivalent o H,).

Talle 143 ilustrates the application of F statistics using hypothet-
ical examples. Case (A} shows two population fragments with identi-
cal allebe freguencies, but with inbrecding in fragment 2. Fy s
rherefore greater than zero. When allelic frequendcies are very similar
in different fragments, as would be the case when migration is high,
or the populations have only recently fragmented, then divergence is
low and Hy-~Hy, and Fgp~0. In [H) there i no inbreeding within
either population fragment. The observed heterozygosity I equal
o the expecied heterogygosity (H < Hq, and Fg < 0. However, the
population fragments have different allele frequencies, as will oceur
with severely restricted gene fow. My exceeds Hy. and Fop =00 In |C)
there is both divergence i allele frequencies and inbreeding. Fy, and
Fyy are greater than zero and the total inbreeding, Fyy, reflects both
etfects [Equanion 14 6)

Calculation of F statistics based on heteroaygosities in the endan-
gered Pacific yew in western North America (Example 14.4) reveals
inbreeding within populations (Fig =0) and differentiation among
populations |y = 00

Page 322 «
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Table 14.3. | Hypothetical examgies demanstrating calculation of
F statistics from genotype data

Genatypes

Alisle H,
Fopulation AA,  Ady  Aghy  Fequency F (= Ipg)

(&) Populations with same allele frequencies, one random
mating, other inbreeding

| 035 05 0%  p=05 0 03
=05

2 04 02 o4 p=0S 05 03
§=05

Combined My = 035 p=05 Hy = 05
g=05 Hy =05

=0 Fg=03 Fr =03

(B) Random mating populations with different allele
frequencies

I 0% 05 0% p=05 0 03
q=05

2 004 0327 084 p=02 0 0O
q=08

Combred H =041 p=035
= 065

Faa=009% Fs=0 Fr=009

{C) Populations with different allele frequencies, one

random mating, other inbreeding

| 025 05 G5 p=05 0 05
§=05

2 Q4 D3 o p=02 06 0N
q=08

Combined H=031 p=035 H = 041
q-ﬂﬂ H;-M»!!

For=0042 Fy=031 Fy=0312
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I4  POPULATHOMN FRAGHEMTATICN

Example 14.4 [ Computatien of F matktics for the rare Pacific yew

Average observed heterozygosity [Hy) for 21 allozyme loci across
nine Canadian populations was 0.085, while the average expected
heterozygosity for these populations |Hy) was 0166 (El-Kassaby &
Yanchuk 1994). Consequently. inbreeding within populations F is

. Wy D085
fis = 1= 5 =1 baes ~ "4
This high level of inbreeding is not due o selfing as the species is
dioecious, but is probably due to offspring establishing close o
parents and clumping of relatives from bard and rodent seed cachwes.
The expecied heterozygosity for the total nine populations (Hy| was
(.18, Thus inbreeding due to population differentiation (Fy) is
) Hy 0166
Fu 1—m 1_0_131.'! [iX i
This indbcates only a modest degree of populaton differentiarion.
The total inbreeding due to both inbreeding within populations
and differentiation among them (Fryl is
H, 0.0A5

Fe=1 i 1 218 053

Fio7 InCreases over generations in
fragmented populations &t a rale
imyiraply dopendent on
population sre

Fop can be estimated wsing allozyme or microsatellite hetero-
mygosity data. A related measure Rgp has aleo been devised fior micros
gatellive data (Slatkin 1%95), bur comparative evaluarions indicate
little difference between this and Fgp for microsatellites (Balloux &
Goudet 2002), A more serious issue is that Py does not scale 0-1 for
markers with more than two alleles, such as microsatellibes, amd
walues are not comparable for different microsatellite loci and for
allezymes versus microsatellites. To address this problem. Hedrnick
| 2005c) has devised a standardized genetic differentiation measure,

based upon scaling Fyy to s maximum value for the given data ser.

Figure 148 illustrates more rapid increases in Fo over generations
in smaller populations than in larger ones, Typically. an Fgr above

N, =120

o 100 200 300
[ ———
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I4  POPULATHON FRAGHEMTATICN

In real {non-diealioed)
pepulatons, mone than ong
mgrant per generation is
required to prevent fingticn in
populaton fragments

Inbreeding & reduced by
rigraton amang population
fragreres

fragrrenss depands on the
efective population sipe and the
rugrabon rate

Relancnship bermeen

rigm nbrssding cosfficien
andl the pumber of MgEInG per
gereratian l”'mbhr an mland
model w1 equilibrasm between drif
and migracon.

More than one migrant per generation is typically required in
real populations, as migrants and residents are unlikely 1o be equally
successful in producing offspring. and real populations do mot
exhibit idealized structures. Numbers of 5. 1-10 and =10 migrants
per generation have been proposed (Lacy 1987, Mills & Allendorf
19%6; Yucetich & Waite 20000 The complications arising from non-
idealized structures are largely overcome by assessing Nom wvalues
where a value of 1 has the effect originally envisaged by Wright
Wang 2004,

Migration and inbreeding

Inbreeding can be substantially reduced by the introduction of indi
viduals from other fragments (Chapter 17). This oocurs even when the
immigrants are themselves inbred, as long as they come from genet-
tcally distinct populanions.

When population sizes and migration rates are constant, inbreed
ing and migration reach an equilibrium where the reduction in
divergence due Lo migration balances the increase due 1o drift. This
equilibrium. measured using Feo. is (Wright 1968)

. 1

Fyy m (14.7)
This equation applies when m is small and all population sizes and
migration rates amaong them are the same. Figure 1410 illustrates
the relationship between the number of migrants per generation
IN,m} and the inbreeding coeflicient. With one migrant per gener
ation, Fgy = 1) +1) = 0.2. Conversely, the inbreeding coefficient
rises rapidly with less than one migrant per generation, and reaches
1.0 jcomphete divergence - fixation in populations) when there is no
migration

F o6 -

Experimental studies support the expectations sbove |Bryant ef al,
1949 Newman & Tallmon 2001, For example, populations of the
canala plant maintained at sizes of five individuals per generation
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little difference between this and Fgp for microsatellites (Balloux &
Goudet 2002). A more serious issue is that Fyp does not scale 0-1 for
markers with more than two alleles, such as microsatellites, and
values are not comparable for different microsatellite loci and for
allozymes versus microsatellites. To address this problem, Hedrick
Foii {2005c) has devised a standardized genetic differentiation measure,
based upon scaling For to its maximum value for the given data set.

0 Reviews Far increases over generations in Figure 14.8 illustrates more rapid increases in Fgp over generations
Wirite: review fragmented populations at a rate in smaller populations than in larger ones. Typically, an Fsr above
inversely dependent on

population size
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