
Using Golf Courses to Bolster
Amphibian Communities
University of Missouri scientists provide amphibian management guidelines
for ecologically minded superintendents.

BY RAYMOND D. SEMLITSCH, MICHELLE D. BOONE, AND J. RUSSELL BODIE

Many wildlife species are declin-
ing and we face a general
biodiversity crisis worldwide.

One of the primary reasons for this
crisis is the loss and alteration of
natural habitat for species.16 As human
populations expand, wildlife is
displaced and needed resources are
eliminated.

Along with development of living
space for humans, we crave green
recreational areas to pursue leisure
pastimes such as golf and enjoying the
outdoors. In fact, in the United States,
more than 24.5 million men, women,
and youth spend 2.4 billion hours
playing on 16,000-plus golf courses.14

Managing landscapes with an eye for
both human use and preservation of
natural resources can create a win-win
situation for humans and wildlife.9

Our goal is to provide managers with
biologically determined criteria and
techniques for bolstering the diversity
of amphibians on golf courses.

AQUATIC HABITAT NEEDS
Amphibians are known to use man-
made ponds, like water hazards, sedi-
ment retention basins, or farm ponds,
so golf course ponds can be managed
in such a way to promote amphibian
abundance and diversity. Three key
factors should be considered when
establishing amphibian communities.
First, eliminating fish from ponds is a
critical step, because ponds without
fish allow for greater amphibian abun-

dance and more diverse communities.
The presence of fish eliminates most
amphibian species through predation
on eggs, larvae, and juveniles, and
through competition for food
resources.3•6,7.12 Additionally, fish also
can carry diseases that are associated
with amphibian mortality,17 especially
stock fish obtained from hatcheries.

Man-made ponds are frequently
stocked with fish to control mosquitoes
or algae; however, amphibians can
serve the same role in the aquatic
environment,1,8 as well as insect control
in the terrestrial environment. This
can be achieved without stocking costs
and effort, and without negatively
affecting native populations. Researchers
have found that removing fish by either
draining ponds or repetitive netting
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can allow amphibian communities to
recover.IS

While common sense might suggest
that permanent ponds would be better
for amphibians, the greatest amphibian
diversity is actually associated with
ponds that dry for a short part of the
year. Pond drying increases amphibian
diversity because it eliminates fish and
reduces insect predators as well as large
competitors. Many insects live part or
all of their life cycle in ponds, and
many of these are voracious predators
that can eat amphibians 10 to 20 times
their own size.

Permanent ponds favor amphibian
species with long larval periods that
typically exceed one year, like bull-
frogs and green frogs. The larger tad-
poles of bullfrogs and green frogs have
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each enclosure, tadpoles of American
toads and southern leopard frogs, and
larvae of spotted salamanders were
placed; half of the enclosures also
included five over-wintered bullfrog
tadpoles. We found greater tadpole
survival in golf course ponds compared
to reference sites.

This outcome may be surprising,
but it can be easily explained by a
reduction of insect predators found in
golf course ponds, as well as greater
food resources - both of which could
be attributed to chemical contamina-
tion. This suggests that amphibians
could survive in golf course ponds or
other habitats that receive some chemi-
cal contamination. Yet, interestingly,
over-wintered bullfrog tadpoles nega-
tively affected survival to metamor-
phosis of amphibians whether on golf
course or reference ponds. This result
highlights the importance of creating
environments that are less favorable to
competitors and predators of amphib-
ians in order to support diverse
amphibian communities.

While amphibians frequently appear
at newly created wetlands, there are
conditions that will favor more or less
diverse communities. The least diverse
communities are very likely ones that
contain bullfrogs only, which often
results with the presence of fish in
permanent ponds. Having bullfrogs in
ponds is not a sign of successfully man-
aging a site for amphibian population
diversity; in fact, it indicates just the
opposite. This species has been widely
introduced around the world where it
has become a pest species, causing
amphibian extinctions and reducing
abundance of native amphibian
populations.

Designing and constructing aquatic
environments that support diverse
amphibian communities can be accom-
plished through periodic drying of
wetlands in the late summer to elimi-
nate or reduce fish and bullfrog popu-
lations, and through reduced chemical
contamination. These straightforward
techniques can increase the likelihood

can result in larval death by starvation,
even though environmental concen-
trations may not be directly lethal to
the larvae.

Many contaminants appear to have
endocrine-disrupting properties, and
such effects also may compromise the
sustainability of populations if a signifi-
cant portion of the population is sterile
or all one sex. For these reasons, it
would be ideal to minimize the poten-
tial for ponds to be exposed to contami-
nants by increasing no-spray zones or
vegetative buffers, which will help
filter contaminants so that increased
concentrations of contaminants will
not reach the aquatic environment.
Also, using chemicals only when
necessary rather than preventatively
should improve water quality for
pond-breeding amphibians and other
species that live in golf course aquatic
habitats.

TADPOLE SURVIVAL IN
GOLF COURSE PONDS
We recently conducted a study on
several golf courses where we placed a
total of 40 enclosures in two golf
ponds and two reference ponds. Into
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The greatest amphibian diversity is associated with ponds that dry for a short portion of the year.
Pond drying increases amphibian diversity at sites because it eliminates fish and reduces insect
predators as well as large competitors.

a greater ability to secure resources and
can negatively affect smaller tadpoles
of native species that have to reach
metamorphosis in a shorter amount of
time.2 The negative effect of bullfrogs
has been associated with amphibian
declines, especially in areas where they
have been introduced.4,5

Although characteristics associated
with pond hydroperiod and the preda-
tors or competitors' that inhabit the
pond are important, chemical con-
tamination is another factor that can
influence aquatic communities. Because
golf courses are routinely treated with
chemicals and fertilizers, golf course
wetlands are potentially exposed to
contaminants.

Indirect effects are those that do not
affect individual physiology or behavior,
but instead affect the species of interest
through changes in the food web,
such as decreases in food resources or
decreases in the number of predators.
Tiny zooplankton and algae are
generally more sensitive to insecticides
and herbicides, respectively, than are
amphibians. Because zooplankton are
the food resources for larval sala-
manders, reduction in zooplankton
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Good amphibian habitat requires complementation between aquatic and terrestrial habitats so that each is readily available for their respective function.
Separating aquatic and terrestrial habitats by fairways. roads. or buildings disrupts or potentially stops natural migrations for many species and leads to

population declines.

of supporting amphibians in a critical
portion of their life cycle, and they
could help buffer amphibian popula-
tions from declines in regions experi-
encing rapid habitat loss and alteration.

TERRESTRIAL HABITAT NEEDS
Although many amphibians can be
seen in ponds around golf courses, for
most species, the majority of their time
is actually spent on land. We have only
recently begun to discover where and
how far amphibians go after breeding
and what habitats are important for
their survival and for persistence of the

population. Ponds are often used for
breeding by a single population. They
are faithful to that pond and migrate
to and from the pond each breeding
season. They also appear to be faithful
to the terrestrial habitat surrounding
ponds. We know that individuals
migrate in and out of the pond in the
same place each year and that they
travel several hundred yards away from
ponds into the forest or fields, depend-
ing on species' preference.13

It is not just distance from the
pond that is critical for protection
of terrestrial amphibian populations;

attention must be focused on protection
of specific features necessary for life
functions. It becomes imperative that
we protect areas that include specific
critical habitats as determined for the
particular set of species in a region.

We need to maintain the comple-
mentation between aquatic and terres-
trial habitats (e.g., foraging and over-
wintering habitats) so that each is
readily available for its respective life
history function. This means that
aquatic habitats are readily available to
adults for breeding and for growth and
development of larvae. Further, the
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Table I
Summary of major recommendations for

bolstering amphibians on golf courses.
I. Preserve and restore existing seasonal or temporary wetlands and streams, including their

natural ability to fill and dry, typically in late summer/autumn.

2. Provide created ponds without fish by regularly netting or by draining during late summer/
autumn.

3. Preserve, restore, and create many sizes and types of ponds, wetlands, and streams with
and without forest canopy and no more than 200-500 yards apart.

4. Include forested and grassed uplands around aquatic sites that extend 150-300 yards from
the water with management for native habitat at least in the 100 yards closest to the
water. Manage aquatic and surrounding terrestrial areas as amphibian core habitat.

5. Augment core habitats with minimum 50-yard-wide corridors of managed native forest
and grasses.

6. Use Best Management Practices (BMPs), Integrated Pest Management (IPM), and a
management plan during construction and maintenance of the golf course, especially to
reduce or eliminate pollutants.

7. Monitor surface and ground water quality to assess the effectiveness of the management
plan.

a. Monitor amphibian populations for successful reproduction, juvenile recruitment, and a
diverse group of species.

9. Adapt management as needed based on monitoring and current research.
10. Reach out to local, regional, and national groups to educate and be educated on

amphibians and golf.

Spadefoot toads are often associated with
temporary wetlands located in grasslands.

terrestrial core habitat needed by meta-
morphosingjuveniles and adults after
breeding should be directly adjacent to
the pond. Natural and created water
bodies, including seasonal shallow wet
areas, are the best starting points as
these are sites of amphibian breeding.
For long-term persistence of amphib-
ians on the golf course, it is important
to connect core habitats (where
amphibians spend most of their time)
not only within your property but also
to potential core habitats adjacent to
your property.

We believe that amphibians can
provide a number of hidden benefits
to golf courses and the golfing com-
munity. First, because pond-breeding

amphibians occupy both aquatic and
terrestrial environments, amphibians
play an integral role in most wetland,
stream, and adjacent forest ecosystems.IO,!!

As such, they provide a number of
functions and services that can be
beneficial to all members, including
humans. As herbivores (plant eaters),
frog and toad tadpoles consume vast
amounts of algae, periphyton, and
plant material in the aquatic environ-
ment that would otherwise clog water-
ways and create unsightly algal mats
caused by fertilizer runoff As carni-
vores (meat eaters), salamander larvae
consume zooplankton and aquatic
insects like mosquito larvae that infest
ponds and, in some regions, carry
diseases like West Nile virus.

There is no doubt that many conser-
vation biologists perceive golf and golf
courses as contributing to the growing
problem of habitat loss and alteration.
However, the recreational needs of the
human population are a legitimate and
an important use of resources. Balanc-
ing the use of these natural resources
with the conservation of biodiversity is
also important and, as biologists, we
consider it our ultimate objective.
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A Q&A with DR. RAYMOND SEMLITSCH, University of Missouri, regarding
the use of golf courses to bolster populations of amphibians.

Q: How serious is the decline of amphibian populations throughout the
U.S.?Are there wildlife census data that dePict just how serious this is?
A: There are a number of reliable published accounts of species
declines in the U.S. and globally. The most recent study estimates
one-third or 1,896 species of amphibians are threatened with
extinction worldwide. Amphibians are now considered more
threatened than birds or mammals.

Q: It seems to me that one of the {lrst things that a typical landowner
may want to do with a newly constructed pond is to stock it with {Ish.
For that reason, do you think that golf course water features could be
more successful than homeowner ponds in bolstering amphibian
populations?
A: Building a pond in your backyard for fishing is great, especially
if you have children who can learn about wildlife through fishing.
But not every pond needs to have fish, especially on golf courses
where fishing is not the primary activity. For that reason, golf
course ponds can be maintained fish-free more easily and may
supplant natural wetlands to promote amphibian diversity. I see
golf courses as potential nature sanctuaries.

Q: If bullfrogs or green frogs have taken over water features, can they
be selectively removed to allow greater species diversity of the
amphibians using that water feature? How?
A: The adult bullfrogs and green frogs are recruited from
metamorphosing tadpoles within that pond. The only effective
method to remove them is by stopping the recruitment through
drying the pond once a year, at the end of the summer or in early
fall, after all other species have metamorphosed.

Q: How important are amphibians as a food source to other wildlife
predators? Is it likely if golf course water features are managed to
bolster amphibian populations that additional predator wildlife species
will be attracted to the area? If so, what predators would that include?
A: A primary role of amphibians in any ecosystem is that of
providing food for predators. Their presence will increase the
diversity of predator species and create a more natural complex
and balanced community. I would predict that more birds,
especially wading or shore birds, would be seen in or around golf
course water features during the day. Other predators, like small
mammals and snakes would also increase, but most of these are
noctural and less easily encountered.

Q: You mentioned that many potential contaminants to wetlands have
endocrine-disrupting properties. What are some of these? Is there
evidence that golf courses are a source of these contaminants?

A: The primary source of endocrine-disrupting chemicals is from
herbicides; both atrazine and glyphosate are typically the active
chemical ingredients. It is less likely that golf courses are a major
source of endocrine disruptors or even use much herbicide
compared to agricultural landscapes in the Midwestern U.S.

Q: What are some instances where endocrine-disrupting contaminants
have been detected in water features, and what has been the effect on
wetland species?
A: Endocrine-disrupting chemicals in herbicides are very com-
monly found in agricultural fields, ditches, and streams flowing
through farming regions of the U.S. Effects that have been
reported include feminizing of male frogs, skewed sex ratios
toward female frogs, an increase in the number of inter-sex (half
male/half female) frogs, and abnormal sexual development.

Q: Did it surprise you that your study showed greater tadpole survival
in the golf course ponds compared to the reference ponds? Do you
think that would hold true for most golf courses?
A: It was very surprising. We really thought most golf course
ponds were full of chemicals from years and years of runoff and
that our tadpoles would die overnight. When we thought about it,
however, we understood that managers are more careful using
chemicals, probably using fewer and safer chemicals now than
10 or 20 years ago. Of course, our study clearly showed that
chemicals were still present in levels great enough to eliminate
insects, the main reason tadpoles did poorly in our permanent
reference ponds. I really think our results are applicable to other
golf courses; how broadly, we don't know. That would be inter-
esting to pursue, especially across regions that may have different
management guidelines for chemical use.

Q: What's the best reason that golf course superintendents should
consider managing wetlands and water features to support amphibian
populations?
A: I think the bigger reason is that it would be a chance for super-
intendents to contribute to a "greater good" of their town and its
citizens, to our society, and to our planet by helping to conserve
our natural wildlife. At the same time, it would create a different
environment than people would envision on most golf courses;
it would help create a more balanced, complex, and natural
ecosystem. The golf course would become a showcase for nature
and attract more people to enjoy a stroll, birdwatch, or just listen
to frogs peeping as the moon rises. I think it would generate great
pride in any superintendents to know that they played an active
role in helping to educate the public about the natural world and
that they may have helped save a species or two.

JEFF Nus, PH.D., manager, Green Section research.
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EDITOR'S NOTE: A more complete report of
this work can befound at USGA Tu1jgrass

and Environmental Research Online at
hUv: / /usgatero.msu.edu/v06/nOl.vdf.
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