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Chapter 11

Plans for protecting a species must determine the
number of individuals—the minimum viable popula-
tion—necessary to maintain the species in both aver-
age and harsh years. Protected habitats of adequate
size to maintain the MVYP can then be established.

Many national parks and wildlife sanctuaries have been created to protect “ci
ismatic megafauna” such as lions, tigers, rhinos, bison, and bears, which are imp.
tant national symbols and attractions for the tourist industry. However, designat.
the habitats in which these species live as protected areas may not be enoughto st
their decline and extinction, even when they are legally protected. Sanctuaries gen
ally are created after most populations of the threatened species have been severe
reduced by habitat loss, degradation, and fragmentation or by overharvesting. Unid
such circumstances, a species tends to dwindle rapidly toward extinction. Also, in
viduals outside park boundaries remain unprotected and at risk. What, then, ist
best strategy for protecting the few remaining populations of an endangered specic:
Are there special requirements for protecting small populations?

Essential Concepts for Small Populations

An ideal conservation plan for an endangered species would protect as many i
dividuals as possible within the greatest possible area of high-quality, protect
habitat (Wilhere 2008). In practical terms, planners, land managers, politicians, ar
wildlife biologists often must attempt to achieve realistic goals, guided by gene
principles. For example, they need to know how much longleaf pine habitat :
red-cockaded woodpecker (Picoides borealis) population requires to persist. Is ;
necessary to protect habitat containing 50, 500, 5000, 50,000, or more individuals
ensure the survival of the species? Furthermore, planners must reconcile conflictir:
demands on finite resources——somehow a compromise must be found that allo
the economic development required by society while at the same time provide
reasonable protection for biodiversity. This problem is vividly demonstrated
the current debate in the United States over the need to protect caribou and othe:
wildlife in the vast Arctic National Wildlife Refuge and the equally compelling nee:
to utilize the considerable oil resources of the area (see Box 17.3).

Minimum viable population (MVP)

In a groundbreaking paper, Shaffer (1981) defined the number of individuals neces
sary to ensure the long-term survival of a species as the minimum viable populatior
(MVP): “A minimum viable population for any given species iz
any given habitat is the smallest isolated population having
99% chance of remaining extant for 1000 years despite the fore
seeable effects of demographic, envirorunental, and gene
stochasticity, and natural catastrophes.” In other words, t
MVP is the smallest population size that can be predicted
have a very high chance of persisting for the foreseeable future_
Shaffer emphasized the tentative nature of this definition, say:
ing that the survival probabilities could be set at 95%, 99%, or any other percentag:
and that the time frame might similarly be adjusted, for example, to 100 or 5
years. The key point is that the MVP size allows a quantitative estimate to be mad:
of how large a population must be to ensure long-term survival. ,

Shaffer (1981) compares MVP protection efforts to flood control. It is not sus-
ficient to use average annual rainfall as a guideline when planning flood contre
systems and developing regulations for building on wetlands; instead, we mus
plan for extreme situations of high rainfall and severe flooding, which may occu
only once every 50 or 100 years. In protecting natural systems, we understand tha
certain catastrophic events, such as hurricanes, earthquakes, forest fires, epidem
ics, and die-offs of food items, may occur at even greater intervals. To plan for the
long-term protection of endangered species, we must provide for their survival, nc:
only in average years, but also in exceptionally harsh years. An accurate estimate
of the MVP size for a species often requires a detailed demographic study of the










Loss of genetic variability
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As was described in Chapter 2, a population’s ability to adapt to a changing en-
vironment depends on genetic variability, which occurs as a result of individuals’
having different alleles—different forms of the same gene. Individuals with certain
alleles or combinations of alleles may have just the characteristics needed to survive
and reproduce under new conditions (Frankham 2005; Allendorf and Luikart 2007).
Within a population, the frequency of a given allele can range from common to very
rare. New alleles arise in a population either by random mutations or through the

migration of individuals from other populations.

In small populations, allele frequencies may change significantly from one gen-
gration to the next simply because of chance—based on which individuals survive

k sexual maturity, mate, and leave offspring. This random pro-
ress of allele frequency change is known as genetic drift, and it
i a separate process from changes in allele frequency caused by
patural selection (Hedrick 2005). When an allele occurs at alow
Erequency in a small population, it has a significant probability
n¢ being lost in each generation. For example, if a rare allele occurs
i 5% of all the genes present {the “gene pool”) in a population
pt 1000 individuals, then 100 copies of the allele are present (1000
i~dividuals x 2 copies per individual x 0.05 allele frequency), and the
& \ele will probably remain in the population for many generations.
owever, in'a population of 10 individuals, enly 1 copy of the allele
resent (10 individuals x 2 copies per individual x 0.05 allele fre-
ency), and it is possible that the rare allele will be lost by chance
{zom the population in the next generation.

Considering the general case of an isolated population in which
ore are 2 alleles of each gene in the gene pool, Wright (1931) pro-
d a formula to express the proportion of original heterozygosity
& proportion of individuals with 2 different allele forms of the
1) remaining after each generation (H). The formula includes the
&ffective population size (N )—the size of the population as esti-
-ited by the number of its breeding individuals:*

H=1-1/[2N,]

-ording to this equation, a population of 50 breeding individuals
uld retain 99% of its original heterozygosity after 1 generation:

H=1-1/100=1.00-001=099

| 2 proportion of heterozygosity remaining after ¢ generations (H,)
creases over time:

5
%
£
:

H,=H

- our population of 50 animals, then, the remaining heterozy-
sity would be 98% after 2 generations (0.99 x 0.99), 97% after
snierations, and 90% after 10 generations. A population of 10
- widuals would retain 95% of its original heterozygosity after 1
ration, 90% after 2 generations, 86% after 3 generations, and
after 10 generations (Figure 11.3).

This formula demonstrates that significant losses of genetic
ability can occur in isolated small populations. Such small pop-
ons often occur on islands and fragmented landscapes (Vranckx
al. 2012). However, the amount of genetic variability within a

Because of genetic drift, small populations
lose genetic variation more rapidly than large 5
populations. Some small populations may lack any ‘
genetic variation.
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Figure 11.3  Genetic variability is lost randomly
over time through genetic drift. This graph shows
the average percentage of genetic variability re-
maining after ten generations in theoretical popu-
lations of various effective population sizes (N,).
After 10 generations, there is a loss of genetic
variability of approximately 40% with a popula-
tion size of 10, 65% with a population size of 5,
and 95% with a population size of 2. Blue lines
indicate minimal loss of genetic variability in large
populations; red lines indicate rapid loss of genetic

w7 that affect N, the effective population size, are discussed in detail begin-
on p. 260.

variability in small populations. (After Meffe and
Carroll 1997.)



















overwhelmed by the pollen of the common species and fail to produce seeds (Willi
etal. 2007). Even when hybrids are produced by matings between a common and
4 rare species, the genetic identity of the rare species becomes lost as its small gene
pool is mixed into the much larger gene pool of the common species. The serious-
- niess of this threat is illustrated by the fact that more than 90% of California’s threat-
ened and endangered plants occur in close proximity to other species in the same
genus, with which the rare plants could possibly hybridize. Such a loss of identity
_can also take place in gardens when individuals from different parts of a species’
' tange are grown next to each other and are cross-pollinated, producing hybrid seed.

LOSS OF EVOLUTIONARY FLEXIBILITY  Genetic variation is extremely important to
a species’ long-term survival. Rare alleles and unusual combinations of alleles that
- are harmless (or even slightly harmful) but confer no immediate advantage on the
few individuals who carry them may turn out to be uniquely suited for a future
t of environmental conditions. If such alleles and combinations do become ad-
antageous, their incidence in the population will increase rapidly through natural
lection, since the individuals who carry them will be those most likely to survive
and reproduce successfully, passing on the formerly rare alleles to their offspring.
Loss of genetic variability in a small population may limit its ability to respond
o new conditions and long-term changes in the environment, such as pollution,
ew diseases, and global climate change (Willi et al. 2007). According to the funda-
ental theorem of natural selection, the rate of evolutionary change in a population
directly related to the amount of genetic variation in the population. A small
population is less likely than a large population to possess the genetic variation
necessary for adaptation to long-term environmental changes and so will be more
tikely to go extinct. For example, in many plant populations, a few individuals
have alleles that promote tolerance for high concentrations of toxic metals such
= zinc and lead, even when these metals are not present. If toxic metals become
undant in the environment because of pollution, individuals with these alleles
il be better able to adapt to them and to grow, survive, and reproduce better than
«pical individuals; consequently, the frequency of these alleles in the population
ill increase dramatically. However, if the population has become small and the
notypes for metal tolerance have been lost, the population could go extinct.

actors that determine effective population size

. this section we will discuss the factors that determine the effective population
e, which is the size of the population as estimated by the number of its breeding
'+ Hyiduals, The effective population size is lower than the total
coulation size because many individuals do not reproduce,
¢ to factors such as inability to find a mate, being tooold or |
/i young to mate, poor health, sterility, malnutrition, small |
~dy size, and social structures, such as polygyny (one male
i ating with more than one female), that restrict which individu- |
- can mate (Hare et al. 2011). Many of these factors are initiated

- aggravated by habitat degradation and fragmentation. Furthermore, many plant,
. azus, bacteria, and protist species have seeds, spores, or other structures in the
that remain dormant unless stable conditions for germination appear. These
viduals could be counted as members of the population though they are obvi-
not part of the breeding population. Because of these factors, the effective
alation size (N,) of breeding individuals is often substantially smaller than the
al population size (N). Because the rate of loss of genetic variability is based
. the effective population size, the loss of genetic variability can be quite severe,
n in a large population. For example, consider a population of 1000 alligators
th 990 immature animals and only 10 mature breeding animals: 5 males and 5
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| The effective population size N, will be much smaller
than the total population size A when there Is great
variation in reproductive output, an unequal sex
ratio, or population fluctuations and bottlenecks.

|
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females. In this case, the effective population size is 10, not 1000. For a rare oak
species, there might be 20 mature trees, 500 saplings, and 2000 seedlings, resultin:
in a population size of 2520 but an effective population size of only 20.

In addition, the effective population is often lower than the actual number ¢
breeding individuals because of unequal sex ratio, variation in reproductive outpu
and large annual changes in population size (Jamieson 2011). This reduced effectiv
population size can lead to further population decline and extinction.

UNEQUAL SEX RATIO A population may consist of unequal numbers of males an,
females due to chance, selective mortality, or the harvesting of only one sex by
people. If, for example, a population of a goose species that is monogamous (with
one male and one female forming a long-lasting pair bond) consists of 20 males
and 6 females, then only 12 individuals—6 males and 6 females—will be mating.
In this case, the effective population size is 12, not 26. In other animal species,
social systems may prevent many individuals from mating even though they are
physiologically capable of doing so. Among elephant seals, for example, a single
dominant male usually mates with a large group of females and prevents other
males from mating with them, whereas among African wild dogs, the dominant
female in the pack often bears all of the pups.

The effect of unequal numbers of breeding males and females on N, can be
described by this formula:

N, = [4(N, x N_)]/(N;+ N,)

where N_ and N; are the numbers of adult breeding males and breeding females,
respectively, in the population. In general, as the sex ratio of breeding individu-
als becomes increasingly unequal, the ratio of the effective population size to the
number of breeding individuals (N,/N) also goes down (Figure 11.9). This occurs
because only a few individuals of one sex are making a disproportionately large
contribution to the genetic makeup of the next generation, rather than the equal
contribution found in monogamous mating systems. In the case of Asian elephants
(Elephas maximus), for example, males are hunted by poachers for their tusks at the
Periyar Tiger Reserve in India (Ramakrishnan et al. 1998). In 1997, there were 1166
elephants, of which 709 were adults. Of these adults, 704 were female and 5 were
male. If all of these elephants were breeding, this would result in an effective popu-
lation size of only 20 from a genetic perspective, using the equation shown above.

In many fish and reptiles species, sex is affected by temperature. As global
climate change increases water and air temperature in many places, species may
have skewed sex ratios, lowering the effective population size. For example, in
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Figure 11.9 The effective population size (N,) declines when &
the number of males and females in a breeding population (V)
of 100 individuals is increasingly unequal. N, is 100 when 50

i i i
males and 50 females breed, but itis only 36 when 10 males 0 50:50 40:60 30:70 20:80
and 90 females breed. Ratio of breeding males:females
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BOX 11.1 l Rhino Species in Asia and Africa: Genetic Diversity and Habitat Loss

In recent decades, conservationists have focused
extraordinary effort on protecting and restoring the
numbers of rhinoceroses in paris of their original
ranges (Amin et al. 2006). The task is monumental:
three of the extant five species of rhinoceros are criti-
cally endangered, and all five represent ancient and
unusual adaptations for survival. They also include
several subspecies that are genetically and, in some
cases, morphologically and behaviorally distinct as

a result of reproductive isolation and possibly local
adaptation. Habitat destruction and poaching are seri-
ous threats 1o the three species of the Asian forests,
while the illegal killing of rhinos for their horns (used
for medicine and carving) threaten the two African
species.

Rhino numbers in Africa and India have increased
in recent years, but the numbers of the two critically
endangered Southeast Asian species are extremely low,
around 50 and 250 animals each. it is estimated that
fewer than 30,000 individuals of all five species survive
today (IUCN Red List 2013), and they exist in a tiny
fraction of their former range. The most numerous of

Indian rhino to maintain its genetic variability despite
passing through a population bottleneck (Pluhdcek et
al. 2007).

Understanding the genetic and demographic
characteristics of a species is often needed for
effective conservation planning.

As a contrast with the Indian rhino, the four rec-
ognized subspecies of the black rhino are genetically
distinct, as shown by microsatellite DNA data (Harley
et al. 2005). If black rhinos from a number of differ-
ent subspecies are placed together in a sanctuary to
increase genetic diversity in the species, would the rhi
nos risk losing adaptive differences that might improve
survival of local subspecies? Would distinctive features
of each subspecies be lost? Or would increased ge-
netic diversity increase the adaptive capacity of the
population?

Maintaining genetic diversity while the abundance
of each species of rhinoceros is so low requires limiting

the five-is the white rhinoceros{Ceratotheriunr simum)
with approximately 20,400 wild animals, although
there are only 4 individuals of the distinctive northern
subspecies, all in captivity in Kenya. Recent research
suggests that this northern subspecies may actually be
a sixth, distinct species of rhino, now very near extingc-
tion (Groves et al. 2010).

The recovery of each species and subspecies is
complicated by the fact that many of the remaining
animails five in very small, isolated populations, most
notably the Southeast Asian spedies. Some biclogists
fear that these small populations may not be viable
over the long term, as a result of loss of genetic vari-
ability, inbreeding depression, and genetic diseases re-
sulting from mating among dosely related individuals.

The question of genetic viability in rhino popula-
tions is not as simple as it first appears. Genetic diver-
sity varies greatly among rhino species. Studies of the
greater one-horned, or indian, rhinoceros (Rhinoceros
unicornis) in Nepal and India indicate that despite its
small total abundance—an estimated 3000 animals—
the genetic diversity is relatively high, contradicting the
common assumption that small populations invariably
have low heterozygosity. Long generation times and
mobility among populations may have allowed the

outside threats to the breeding population, including
logging and illegal poaching, so that populations do
not lose any more genetic variability than they already
have. Recently, it appears that poaching of rhinos for
their horns may be on the rise again. By weight their
horns are worth more than gold on the black market.
Estimates suggest 2 rhinos a day are being poached in
South Africa alone—688 were believed to have been
killed there in 2012, and even more in 2013, rates of
loss that could reduce population sizes and genetic di~
versity in some areas.

In addition 1o managing threats, wildlife managers
must maintain conditions to facilitate reproduction and
must make decisions on whether to encourage inter-
breeding among populations or subspecies. Captive
breeding can also be targeted to maintain or increase
genetic variability and population numbers. This may
be especially important for the Southeast Asian species
that are on the verge of extinction. However, captive :
breeding of rhinos is difficult; white rhinos in particular
often will not breed in zoo programs.

There is no single, all-encompassing answer to
rhino conservation. Management must be tailored to
the specific genetic and environmental circumstances
of particular species and populations.
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The interaction between population size and environmental variation
demonstrated using the biennial herb garlic mustard (Alliaria petiolata), ani
sive plant in the United States, as an experimental subject (Drayton and Priz:
1999). Populations of various sizes were assigned at random either to be left a:
as controls or to be experimentally eradicated by removal of every flowering ¢
in each of the 4 years of the study; removal of all plants could be considere
extreme environmental event. Overall, the probability of an experimental po
tion’s going extinct over the 4-year period was 43% for small populations (£
than 10 individuals initially), 9% for medium-sized populations (10-50 individu:
and 7% for large populations (more than 50 individuals). For control popula
the probability of going extinct for small, medium, and large populations was 1%
0%, and 0%. Large numbers of dormant seeds in the soil apparently allowed =
experimental populations to persist even when every flowering plant was remi.
in 4 successive years. However, small populations were far more susceptible
extinction than large populations.

Extinction Vortices

The smaller a population becomes, the more vulnerable it is to further demogrs
variation, environmental variation, and genetic factors that tend to Jower reproduct:
increase mortality rates, and so reduce population size even more, driving the ps
lation to extinction. This tendency of small populations to decline toward extingt
has been likened to a vortex, a whirling mass of gas or liquid spiraling inward

closer an object gets to the center, the faster it moves. At the center of an extinct.
vortex is oblivion: the local extinction of the species. Once caught in such a voz:

Intensive management s of'.[e'n required toprevent | Latios and the inability to find mates, leading to an even o
small populations from declining further in size and . . o
. population size. The smaller population is then more vulnera

going extinct.

it is difficult for a species to resist the pull toward extinction (Palomares et al. 201

As one example, a decrease in an Iberian lynx (Lynx pardinus) population caus
by loss of its rabbit prey may cause inbreeding depression and associated hiz’
mortality rates, further decreasing population size (Palomares
al. 2012). Decreased population size may then result in biased .

to further population reduction, loss of heterozygosity, and ev
tual extinction caused by unusual environmental events.

These three forces—environmental variation, demographic variation, and
of genetic variability—act together such thata decline in population size caused
one factor will increase the vulnerability of the population to the other two fac:
{Figure 11.15).

It is also important to remember that as a population becomes smaller, it ¢
tends toward becoming ecologically extinct: once a toucan population drops be
a certain size or density in a rain forest, for example, fruits might go uneaten 4t
seeds will not be dispersed.

An important implication of the extinction vortex is that addressing the or
cause of population decline may not be sufficient to recover a threatened pop
tion. Such was the case with the greater prairie chicken population in Hlinois
scribed earlier. The original population of over 1 million prairie chickens decliz
to below 50 following the arrival of European settlers, with a decline in fe
and hatchability. Habitat restoration of the prairie landscape, reversing one of
major original causes of decline, failed to help the population recover. The Iiliz
prairie chicken population began to grow only after it was outcrossed to pop:
tions from other states to reverse inbreeding depression.

As the prairie chicken example illustrates, once a population has declined
small size, it will probably go extinct unless unusual and highly favorable condit
allow the population size to increase (Shrott et al. 2005}. Such populations ¢

.
|
i






272

Chapter 11

For Discussion

1. Imagine a species that has four populations, consisting of 4, 10, 40, and 100 indivi
Using Wright's formula, H = 1 - 1/[2 N], calculate the loss in heterozygosity over 1, 2
5, and 10 generations for each population. Calculate the effective population size, 7.
for each population, assuming that there are equal numbers of males and females;
calculate it assuming different proportions of males and females. Allow the populati
size of each group to fluctuate at random around its average value. Calculate how t=
affects the loss of heterozygosity and the effective population size.

2. Construct a simple population model of a rabbit that has a stable population size (sez
p. 269; then add environmental variation (such as severe winter storms or predation’
and demographic variation (number of offspring produced per rabbit per year), and
determine whether the population would be able to persist over time. Use the methe
shown in the text, computer simulations (see Shultz et al. 1999 and Donovan and
Welden 2002 for ideas), or random-number generators (flipping coins is the easiest):

3. Find out about a species that is currently endangered in the wild. How is it or how
it be affected by the problems of small populations? Address genetic, physiological,
behavioral, and ecological aspects, as appropriate.
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