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the size and distribution of the grizzly
bear population within an area of 8 million
acres. DNA analysis of hair samples
makes this possible. Traditional mark and
recapture methods are the basis of the
study design; however, there is no need
to see or capture bears because the DNA
contained in their hair is sufficient for
species, sex, and individual identification.
In addition to gaining a good estimate of
the size and distribution of the grizzly
bear population, DNA profiles of the
individual bears allow managers to address
future conservation issues by providing
them with information about genetic
variation, the suitability of individual
bears for augmenting small and isolated
populations, the ratio of males to females,
and connections with other populations.
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Recovering
the Rare

Fragmentation, alteration, or
complete conversion of a habitat can
shift a population from a rare but viable
status to a situation where existence is threatened.
Such populations often experience reductions in genetic
variation; in fact, one of the biggest problems is loss of genetic diversity though
a process called inbreeding depression. This occurs when only a few individuals interbreed in
small groups and pass a limited array of genes, some harmful, to their offspring. Individuals
gradually become genetic copies, lacking the built-in adaptability to environmental change that
would occur in a diverse group through natural selection. This is particularly problematic for
captive populations where artificial propagation occurs with a limited breeding stock. We
routinely help managers working to recover rare populations by measuring genetic diversity
in wild and captive-bred populations, suggesting mating assignments, and evaluating the
origins of individuals that establish a new population.

Example: Crown Jewel of Puerto Rico

The Puerto Rican parrot is considered one of the most endangered birds in the world. During
Columbus’ time, the parrot population may have exceeded one million but dropped to a low
of 13 by 1975. For over 30 years, scientists and managers have studied and nurtured the few
remaining wild and captive parrots. Success with reproduction of birds in captivity has given
new hope for bolstering the wild population. USGS scientists have spent the past decade
working with federal agencies and the Puerto Rican government to establish family trees
for the captive and wild populations. We use molecular markers to identify individuals and
verify their lineage to model potential strategies for moving birds to and from captive and
wild populations and to set up pairings for breeding programs to maximize genetic diversity.
Recovery of the parrot is far from realized, but some birds are being released into the wild
— a major step in bringing the parrot back from the brink of extinction.




Effects of Pollutants

A special form of population monitoring considers effects of
pollutants or other contaminants on plants and animals, even
if those effects are not visible or lethal. Many pollutants are
carcinogens or mutating agents that affect either the structure of
DNA, its biological expression, or both. Genetic toxicologists
study the interaction of DNA-damaging agents with the cell’s
genetic material in relation to subsequent effects on the health
of the organism. The organism functions as an integrator of
exposure. The magnitude of the change in DNA or change in
its biological expression is used as an estimate of the severity
of exposure. In another field called genetic ecotoxicology,
we evaluate potential effects of pollution on the health of an
ecosystem by assessing genetics of multiple individuals in
populations or communities and correlate this information with
exposure to contaminants. This field is still largely theoretical,
but it is a fruitful area of research because it offers an opportunity
to rapidly advance our knowledge and understanding of the
effects of environmental pollutants.

Population Monitoring

Information about abundance, population structure, reproduction,
survival, and movement are important in management of plant and
animal populations. Obtaining that information is often difficult
or impossible for wide-ranging animals using traditional methods
that involve capture, marking, and relocation. Genes already
contain information coded in DNA that can be used as individual
markers, and we use these “genetic tags” to accomplish population
monitoring. There are many advantages to this approach. We are
not restricted to monitoring the living population because genetic
markers contain information that is inherited across generations.
This means that information gathered in one year can be applied to
both subsequent and previous generations, even over evolutionary
time frames. Also, the same genetic information is obtainable at any
life stage and frequently with little, if any, disruption to the organism
of interest. An additional benefit is that we can monitor movements
of individuals or populations throughout the course of a year or
more, even if they travel to multiple, distant locations. e can even
take DNA from museum specimens, assess the genetic variation of
these specimens, and use this information to evaluate variation in
current populations relative to variation in earlier populations.

Example: Duck Soup

Many lesser scaup winter in the Indiana Harbor Canal of
southern Lake Michigan. This canal, now a “Superfund” site,
was built to service a petroleum-based industrial corridor. The
USGS studied wintering scaup to determine if they were exposed
to contaminants from that site, and if so, were the contaminants
associated with genetic damage. Some of the contaminants
studied were a group of organic compounds called polycyclic
aromatic hydrocarbons, which originate from fossil fuels and
combustion residues. This was the first study of wild birds to
demonstrate a correlation between concentrations of these
hydrocarbons in tissues and genetic damage to red blood cells.
The concern underlying this research was that contaminant
exposure could compromise the welfare of lesser scaup, and the
scaup served as an indicator for the well being of other species.
Management agencies have used

this information in clean-
up, restoration, and
mitigation actions.
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Fish and Wildlife Health Research Example: Whirling Disease

Infectious disease is a natural component of all ecosystems, Whirling disease of salmon and trout is caused by the
affecting the health and abundance of both plants and animals. parasite, Myxobolus cerebralis. The disease, introduced in
Understanding the role of the microbes (pathogens) causing these  the United States in the 1950s, has spread to 23 states where
diseases enables managers to adopt strategies to modify their it is sometimes associated with devastating declines in wild
influence when necessary. Disease control can be particularly  populations of rainbow trout. Using genetic tools, we evaluated
urgent in situations where pathogens alter the population the level of diversity among strains of the parasite from selected
structure or function within an ecosystem. In general, we strive  locations and found that genetic variation was relatively low,
to understand disease processes, develop diagnostic methods, as might be expected for a recently introduced parasite. We
describe incidence and distribution of significant pathogens, and  also evaluated the diversity among strains of an oligochaete
develop strategies for prevention and control. Genetic techniques  worm that is an essential alternate host during the parasite’s
are well suited to study disease agents, especially viruses, life cycle. Oligochaetes from rivers in which trout showed
bacteria, and fungi, which are structurally simple organisms and  different levels of disease severity were not as closely related
for many of which the sequence of the entire genome is known. as traditional taxonomy, based on morphology, would suggest.

USGS Biological Centers
Conducting Genetics Research

Rapidly Evolving Technologies

The USGS is using new technologies to study adaptations of
individual species and communities and to identify potential
effects of both human-related and natural changes.

Genomics involves the study of an organism’s full
genetic material, known as its genome. In the last decade, the
number of sequenced genomes has grown to include mam-
mals, birds, fishes, frogs, insects, marine organisms, plants,
fungi, and bacteria. In addition to facilitating all molecular
and genetics work, genomics has resulted in new technologies
to study evolution, population structure, gene function, and
effects of environmental change.

Success with genomics has led to proteomics, the study
of the sets of proteins encoded by genes and their structure
and function. This is an important step because the way that
proteins interact with each other, with the environment, and
with other molecules defines the organism. Furthermore,
an organism will have radically different protein expression
in different parts of its body, in different stages of its life
cycle, and in different environmental conditions, whereas its
genome is fairly constant. /

A genetically modified organism, or GMO, is a plant
or animal that has had its genetic material altered to exhibit
new traits. These “transgenic” organisms can pass their new
genes to close, wild relatives, and these cloned genes in wild
organisms could tip balances within and between native
populations, communities, and ecosystems. It is important to
understand potential effects, positive or negative, of GMOs on
native plants, animals, and their habitats.
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