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Malformed frogs in Minnesota: an update

Background

Malformed frogs first became the topic of national newsin August 1995 when
students at amiddle school in southern Minnesota discovered one-half of all
the frogs they caught in anearby pond were malformed. Since then,
malformed frogs have been reported throughout Minnesota and elsewherein
the United States and Canada (http://www.npwrc.usgs.gov/narcam), and in
other countries. The Minnesota Pollution Control Agency (MPCA) has been
leading much of the research to discover the cause(s) for these malformations
in Minnesota. The U.S. Geologica Survey has been collaborating in this effort
with studies on virus, bacteria, and parasite identification; water and sediment
chemistry; hydrology and land use. Scientists from numerous federal agencies

and universities also have been working with MPCA to find causes for this
problem (seelist on page 3). A chronicle of this effort conducted within
Minnesota and elsewhereis presented in a book titled “ A Plague of Frogs: the
Horrifying True Story” (Souder, 2000) and in the Minnesota Conservation
Volunteer (Souder, 2001). While malformed frogs also have been found in
many other states, numerous studies have focused on malformed frogsin
Minnesota, and significant progress toward finding a cause or causes for
malformation has been made. This Fact Sheet summarizes scientific results
from malformed-frog studies conducted primarily in Minnesota.

Field Survey of Minnesota Frogs

From 1995 through 2000, nearly 25,000
frogs from 195 sitesin Minnesota have
been caught, examined, and released by
MPCA scientists and collaborators,
according to the MPCA Malformed Frogs
database (Murzyn, 2000). Malformed
frogs have been found throughout
Minnesota (fig. 1). Maformationswere
found in 8 species of frogs and toads. For
northern leopard frogs (Rana pipiens), the
species most commonly found in
Minnesota, 6.5 percent of 13,763 frogs
collected were malformed. Maformations
included missing limbs, missing digits,
extralimbs, partial limbs, skin webbing,
malformed jaws, and missing or extra eyes
(Helgen and others, 1998; Canfield and
others, 2000; Meteyer, L oeffler, and
others, 2000). At some sites, many
malformed frogs had “ bony triangles’
(bone bridges) in X-ray images, an
abnormal development that also has been
induced in frogs exposed to retinoid
chemicalsin the laboratory (Gardiner and
Hoppe, 1999). The ends of partialy
developed bones often had a spongy
appearancein X-ray images (Lannoo and

others, 2001); this differsfrom what is
seen when a predator causes partial limbs,
indicating that attacks by predators did not
cause those
missing or partial
limbs (Lannoo,
2000). Nearly all
malformed frogs ~
found since 1995
have been £
juveniles (Hoppe, o
2001, Lannoo,
2000), indicating
that malformed
frogsrarely
survive to become
adults. Thislack
of survival may be
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Minnesota during 1958-63 that are
archived at the Bell Museum of Natural
History at the University of Minnesota
were malformed (Hoppe, 2000). Another
0.5 percent were abnormal due to predator
attacks. Hoppe (2000) reported that only
0.2 percent of 1,772 frogs from nine field
sitesin west-central Minnesota during
1973-93 were malformed or were missing
limbs from predator attack. In contrast,
during 1996-97 Hoppe (2000) found that
2.3 percent of 2,548 frogs from those same
nine sites were malformed (site-specific
malformation percentages ranged from O
to 9.4). Burkhart and others (2000)
indicated that it is difficult to find sites that

do not have malformed frogs.

Frog malformations at
abnormal sites

At some sitesin Minnesota
the percentages of malformed
frogs have been much higher
since 1995. Twenty of the 195
MPCA sites have frequencies
of frog malformationsin
excess of 5 percent and are
termed “abnormal” sites.
Some abnormal sites have
malformation ratesfar in

contributing to the
population decline
reported for some

amphibian species.
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Historical malformation rates for frogs

In the past, malformed frogs were rarely
found in Minnesota. Only 0.2 percent of

2,433 frog specimens collected in

Figure 1: Locations where malformed
frogs have been found in Minnesota,
1995-2000 (from Murzyn, 2000)

excess of 5 percent. At
one site, for example, 25
percent of juvenile
northern leopard frogs
were malformed. At
another site, 68 percent of al juvenile
mink frogs (Rana septentrionalis) were
malformed (Hoppe, 2001). The frequency
of malformations peaked at different times
of theyear at different sites, generally
from early August to early October (fig. 2)
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Figure 2: Malformation rates peak at different
times from year to year and at different times
from site to site (Murzyn, 2000).

(Canfield and others, 2000). The types of
malformations at these abnormal sites
differed from siteto site aswell (Meteyer,
L oeffler, and others, 2000), suggesting
multiple causes or combinations of
causesfor malformations. Missing limbs
were the predominant malformation at
one abnormal site, skin webbingswere
the most common malformation at
another, and malformations of several
types were observed at yet another
abnormal site (fig. 3). Many of the
malformation types recorded since 1995
have not been observed previously by
Minnesota herpetol ogists (Hoppe, 2000).
At afew of the abnormal sites, the
percentage of malformed frogs has
declined in recent years, but so hasthe
total number of frogs (Canfield and
others, 2000). Severe population die-offs
at some of these sites have made it
difficult to conduct studies on causes for
malformation because it has become
difficult to find frogs, especially northern
leopard frogs (Shappell and others, 2000;
Hoppe, 2001). A viruswasfound to be
responsible for some of the die-offs
(Meteyer, Cole, and others, 2000).

Abnormal sites exist in many different
types of ponds and wetlandsin Minnesota
(fig. 4), but certain characteristics of some
of the abnormal sites are noteworthy.
Three of the abnormal sites were
constructed wetlands, with little aquatic
vegetation, firm sediments, and sometimes
steeply sloping shorelines. Two of the

worst abnormal sites have water that
contains fewer dissolved mineralsthan
most Minnesota wetlands (Jones and
others, 2000). Some scientists speculated
that ground-water contamination may have
been contributing to the frog malforma-
tions at some of the abnormal sites.
However, follow-up research on the
hydrology of some of the abnormal sites
indicates there is a notable lack of ground
water flowing into those ponds (Jones and
others, 1999).

Suspected causes for malformed frogs
Parasites

Many frog malformationsin the western
United States appear to be caused by the
parasite Ribeiroia ondatrae (Johnson and
others, 1999; Johnson and Lunde, 1999), a
trematode (flatworm) that developsinside
aquatic snails before burrowing into
tadpoles (Johnson and others, 2001).
Several species of amphibians devel oped
high frequencies (40 to 100 percent) of

severe limb malformations when exposed
to Ribeiroia in the laboratory (Johnson and
others, 2001). Other researchers have
simulated the effects of parasite infection,
demonstrating that malformation can result
from simply inserting tiny beads into
tadpoles at the location where hind limbs
form (Sessions and Ruth, 1990). At
several of the abnormal sitesin Minnesota,
the frogs are heavily infected with
Ribeiroia (Sutherland, 2001); however,
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Ribeiroia has not been found at other
abnormal sitesin Minnesota (Sutherland,
2001), indicating that other factors are
causing malformations at those abnormal
sites. Itisnot clear why Ribeiroia
infection may haveincreased in recent
years, but there is some evidence that
higher levels of nutrients may promote the
parasite'slife cycle (Johnson and others,
2001).

Chemicals

Human-made chemicals often are
suspected as the cause for frog
malformation in Minnesota. Chemical
analysis of water samples from most of the
abnormal sitesin Minnesotaindicated no
unusual concentrations for dozens of
compounds analyzed by the Minnesota
Department of Health (Helgen and others,
1998) and the National Institute for
Environmental Health Sciences (Burkhart
and others, 1998).

Pesticides are known to cause
malformation or death of frogswhen
present in sufficient concentrations
(Harfenist and others, 1989). Studiesin
Canada show arelation between the
percentage of malformed frogs and
pesticide use
(Ouellet and
others, 1997
Bishop and
others, 1999).
At the abnormal
sitesin
Minnesota, few
pesticides or
degradation
products were
detected in water
and sediment
samples, and
those detected
werepresentin
very small
guantities (Jones
and others, 1999). Methoprene, an
insecticide widely used to control
mosquitoes, also has been suspected as
having caused malformations. Laboratory
studies on northern leopard frogs by the
Environmental Protection Agency
indicated no induced malformations at
methoprene concentrations commonly
found in the environment (Ankley and
others, 1998). In contrast, field trials of
methoprene applied at mosquito-control

Figure 3: Examples of malformations
observed in Minnesota ponds.



concentrations did resultinmalformations ~ Minnesotaindicates that the amount of UV~ 2000; Lannoo, 2000). Chemical

among southern leopard frogs, a species radiation penetrating to the 10-centimeter combinations may be mixtures of natural
not found in Minnesota (Sparling, 2000). depth in pond water isrelated to the and human-made organic chemicals, each
percentage of malformed frogsinthepond  of whichisharmless onitsown but toxic
Endocrine disruptors also are being (Little, 1999). Some scientiststheorize when combined (Burkhart and others,
studied to determineif they areresponsible  that human-made or natural organic 2000). The number of possible
for some of the frog malformationsin compounds present in Minnesotawetlands  combinations of chemicals, biological, and
Minnesota. Endocrine disruptorsare become toxic when activated by UV physical factorsisenormous, which may
natural and human-made chemicalsthat radiation (Burkhart and others, 1998; explain why finding the causes for frog
interfere with or mimic natural hormones Little and Bridges, 2001). malformations has been a difficult task.

that control development, growth, and
behavior of organisms. The number of
endocrine disruptorsis unknown; only
during the last decade has screening of
chemicals begun to eval uate endocrine-
disrupting activity. Environmental
retinoids are one class of endocrine
disruptorsthat has received special
attention in the frog malformation studies.
Retinoic acid has been shown to induce
frog malformationsin the laboratory
(Bryant and Gardiner, 1992). Retinoid
activity has been identified in some of the
ponds in Minnesota (Gardiner and Hoppe,
1999), but so far no proof exists that the Figure 4: High rates of frog
concentrations detected can induce frog malformations have been found

malformationsin natural settings. in a variety of ponds and
wetlands.

Combinations of factors

Itislikely that one or
more combinations of
chemicals, biological,
and physical factors are
responsible for causing
the malformationsin
Minnesota frogs (Fort
and others, 1999;
Burkhart and others,

Estrogens are another class of endocrine
disruptors under study. Although normally

associated Wit_h sexud de‘/elppment' clIjohcoktvc\)/igsrszp hEe:’r; fg;Tb;(:’p Perry
estrogens at high concentrations also can Jones, Eric Garber.

affect limb development (Hayes, 2000).
Garber and others (2001) used two
methods to detect environmental estrogens
at many of the abnormal sitesin Minnesota
and found arelation between the concen-
trations of estrogenic compounds and the
percentages of malformed frogs. They
also found low concentrations of some
minerals (sodium, potassium) in some of
these ponds where estrogens were found
and suggested that this combination of
factors may be related to frog malform-
ation at sites where parasites were not
found in malformed frogs.

A continuing cooperative effort

Scientists have found malformed frogs throughout Minnesota. The incidence of
malformation since 1995 exceeds historical malformation rates. Parasites cause
some or most of the malformations at some, but not all of the sites. Many
guestions persist, and more work is needed to understand the causes for
malformation that remain unexplained. Scientists from many different disciplines
and organi zations continue to work on the Minnesota malformed-frog mystery,
both in laboratory studiesand in the field. The MPCA is coordinating this
research, and continues to collect much of the data on frog populations throughout
the State. The following organizations have participated in this research:
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1999). Research at abnormal sitesin




Reported References

Ankley, G.T., Tietge, J.E., DeFoe, D.L., Hjensen,
K.M., Holcombe, G.W., Durhan, E.J., and
Diamond, A., 1998, Effects of ultraviolet light
and methoprene on survival and development of
Rana pipiens: Environmental Toxicology and
Chemistry, v. 17, p. 2530-2542.

Bishop, C.A., Mahony, N.A., Struger, J., Ng, P, and
Pettit, K.E., 1999, Anuran development, density
and diversity in relation to agricultural activity in
the Holland River watershed, Ontario, Canada
(1990-1992): Environmental Monitoring and
Assessment, v. 57, no. 1, p. 21-43.

Bryant, S.V. and Gardiner, D.M., 1992, Retinoic
acid, local cell-cdll interactions, and pattern
formation in vertebrate limbs: Developmental
Biology, v. 152, p. 1-25.

Burkhart, J.G., Ankley, G., Bdll, H., Carpenter, H.,
Fort, D., Gardiner, D., Gardner, H., Hale, R.,
Helgen, J.C., Jepson, P, Johnson, D., Lannoo, M.,
Lee D, Lary, J, Levey, R., Magner, J., Meteyer,
C., Shelby, M.D., and Lucier, G., 2000, Strategies
for assessing the implications of frog
malformations for environmental and human
health: Environmental Health Perspectives, v.
108, no. 1, p. 83-90.

Burkhart, J.G., Galagher, K., Fort, D.J., Propst, T.L.,
and Helgen, J.C., 1998, Evidence for potentiation
among environmental factors that contribute to
malformations in frogs: Proceedings of the
Society of Environmental Toxicology and
Chemistry 18" Annua Meeting, Charlotte, N.C.,
November 15-19, 1998, p. 117.

Canfield, J.T, Kersten, SM., and Vanselow, P,
2000, 1997-1999 field season report—
Minnesota malformed frog investigation:
Minnesota Pollution Control Agency
Interim Report, 68 p.

Fort, D.J., Propst, T.L., Stover, E.L., Helgen,
J.C., Levy, R, Gallagher, K., and Burkhart,
J.G., 1999, Effects of pond water, sediment and
sediment extracts from Minnesota and Vermont
on early development and metamorphosisin
Xenopus. Environmental Toxicology and
Chemistry, v. 18, no. 10, p. 2305-2315.

Garber, E.A.E., Erb, JL., Downward, J.G., Priuska,
E.M., Wittliff, J.L., Feng, W., Magner, J. and
Larsen, G.L., 2001, Biosensor, ELISA, and frog
embryo teratogenesis assay: Xenopus (FETAX)
analysis of water associated with frog
malformations in Minnesota, in Chen, Y. and Tu,
S., eds., Photonics detection and intervention
technologies for safe food, Proceedings of The
International Society for Optical Engineering, v.
4206, in press.

Gardiner, D.M. and Hoppe, D.M., 1999,
Environmentally induced limb malformations in
mink frogs (Rana septentrionalis): Journal of
Experimental Zoology, v. 284, p. 207-216.

Harfenist, A., Power, K., Clark, L., and Peakall,
D.B., 1989, A review and evaluation of the
amphibian toxicological literature: Canadian
Wildlife Service Technical Report Series no. 61,
222 p.

Hayes, T.B., 2000, Endocrine disruption in
amphibians, in Sparling, D.W., Linder, G., and
Bishop, C.A., eds., Ecotoxicology of amphibians
and reptiles: Pensacola, Fla., Society of
Environmental Toxicology and Chemistry Press,
p. 573-593.

Hays, J.B., Blaustein, A.R., Kiesecker, JM.,
Hoffman, PD., Pandelova, I., Coyle, D., and
Richardson, T., 1996, Developmental responses of
amphibians to solar and artificial UVB sources: a

5

comparative study: Photochemistry and
Photobiology, v. 64, p. 449-456.

Helgen, J., Gernes, M., Hoppe, D., McKinnell, R.G.,
and Carlson, D.L., 1998, Investigation of
deformed frogs in Minnesota 1996: Minnesota

Pollution Control Agency Interim Report, 33 p.
Hoppe, D.M., 2000, History of Minnesota frog

abnormalities: do recent findings represent a new
phenomenon?, in Kaiser, H., Casper, G.S., and
Bernstein, N., eds., Investigating amphibian
declines: Proceedings of the 1998 Midwest
Amphibian Conference: Journal of the lowa
Academy of Science, v. 107, p. 86-89.

Hoppe, D.M., 2001, Linking malformations to
amphibian declines: history of malformed anurans
in Minnesota and interspecific differences in their
occurrence, in M. J. Lannoo, ed., Status and
Conservation of United States Amphibians
Volume 1: Conservation Essays. Berkeley, Calif.
University of CaliforniaiPress, in press.

Johnson, PT.J,, and Lupde, K .B., 1999, The role of

parasite infection inar I'phibian deformities a:f_gfs
the northwestern HE” ﬁ_ 4
U.S. [abs.]: Society ™ iy .
of Environmental o
Toxicology and
Chemistry,
Philadelphia, Pa.,
November 14-18,
1999, p. 40.
Johnson, PT.J,,
Lunde. K.B.,
Haight, R.W.,

, Bowerman, J,, and Blaustein,
A.R., 2001, Ribeiroia ondatrae
(Trematoda: Digenea) infection
I__'Ff induces severe limb malformations
“ 7 inwestern toads (Bufo boreas):
¥ Canadian Journal of Zoology, v. 79, p.
370-379.

Johnson, PT.J,, Lunde, K.B., Ritchie, E.G., and
Launer, A.E., 1999, The effect of trematode
infection on amphibian limb development and
survivorship: Science, v. 284, p. 802-804.

Jones, PM., Magner, J.P, Rosenberry, D.O., and
Thurman, E.M., 2000, Hydrologic assessment of
sites where frog malformations are present in
Minnesota [abs.]: 7" Biennia Minnesota Water
Conference, Minneapoalis, Minn., April 25-26,
2000, p. 44.

Jones, PM., Thurman, E.M., Little, E., Kersten, S,,
Helgen, J., and Scribner, E.A., 1999, Pesticide
and metabolite concentrations in sediments and
surface and ground water found at sites where
frog malformations are present in Minnesota
[abs]: 7" Symposium on the Chemistry and Fate
of Modern Pesticides, Lawrence, Ks., September
14-16, 1999.

Lannoo, M.J., 2000, Conclusions drawn from the
Malformity and Disease Session, in Kaiser, H.,
Casper, G.S,, and Bernstein, N., eds.,
Investigating amphibian declines: Proceedings of
the 1998 Midwest Amphibian Conference:
Journal of the lowa Academy of Science, v. 107,
p. 212-216.

Lannoo, M.J., Nanjappa, P, and Blackburn, L.,

2001, What amphibian malformations tell us about
causes [abs.]: Society for Integrative and
Comparative Biology Annua Meeting, Chicago,
11., January 3-7, 2001, p. 172.

Little, E.E., 1999, Report on UV-B penetration in
selected ponds in Minnesota: Minnesota Pollution
Control Agency Interim Report, 10 p.

Little, E.E. and Bridges, C.M., 2001, Evaluation of
toxicity of composite environmental contaminants
from sites of amphibian deformity in central
Minnesota: Final Report to the Minnesota
Pollution Control Agency, February 9, 2001, 26 p.

Meteyer, C.U., Cole, R.A., Converse, KA.,
Docherty, D.E., Wolcott, M., Helgen, J.C., Levey,
R., Eaton-Poale, L., Burkhart, J.G., 2000,
Defining anuran malformations in the context of a
developmental problem: in Kaiser, H., Casper,
G.S., and Bernstein, N., eds., Investigating
amphibian declines: Proceedings of the 1998
Midwest Amphibian Conference: Journal of the

lowa Academy of Science, v. 107, p. 72-78.
Meteyer, C.U., Loeffler, |.K., Falon, JF., Converse,

K.A., Green, E., Helgen, J.C., Kersten, S., Levey,
R., Eaton-Poole, L. and Burkhart, J.G., 2000,
Hind limb malformations in free-living northern
leopard frogs (Rana pipiens) from Maine,
Minnesota, and Vermont suggest multiple
etiologies: Teratology, v. 62, no. 3, p. 151-171.

Murzyn, R.,=—"2000, Minnesota Pollution

,-"':-_ Control Agency malformed

frogs database, accessed
December 2000.

Ouellet, M., Bonin, J., Rodrigue, J.
DesGranges, J-L, and Lair, S., 1997, Hind-
limb deformities (ectromelia, ectrodactyly) in
free-living anurans from agricultural habitats:
Journal of Wildlife Diseases, v. 33, p. 95-104.

% Sessions, SK. and Ruth, S.B., 1990,
Explanation of naturally occurring
supernumerary limbs in amphibians: Journal of
Experimental Zoology, v. 254, p. 38-47.

= Shappell, N.W., Garber, E.A., Gackle, N.J.,
Canfield, J., and Larsen, G., 2000, Malformation
versus mortality, a study of northern leopard
frog development in situ [abs.]: 40" American
Society for Cell Biology Annual Meeting,
December 9-13, 2000, San Francisco, Calif.,
Abstract no. 1428, p. 274.

Souder, W., 2000, A plague of frogs: the horrifying
true story: New York Hyperion Press, 299 p.

Souder, W., 2001, The trouble with frogs. Minnesota
Conservation Volunteer, Jan-Feb 2001, p. 40-47.

Sparling, D.W., 2000, Effects of Altosid and Abate-
4E on deformities and survival in southern
leopard frogs under semi-natural conditions, in
Kaiser, H., Casper, G.S., and Bernstein, N., eds,,
Investigating amphibian declines, Proceedings of
the 1998 Midwest Amphibian Conference,
Journal of the lowa Academy of Science, v. 107,
nos. 3,4, p. 90-91.

Sutherland, D., 2001, Parasites of North American
Anurans: in Lannoo, M.J., ed., Status and
Conservation of United States Amphibians
Volume 1: Conservation Essays, Berkeley, Calif.
University of California Press, in press.

Donald O. Rosenberry (rosenber@usgs.gov)

For more information and for reprints, contact:
Minnesota District Chief

U.S. Geological Survey

2280 Woodale Drive

Mounds View, MN 55112

Back-page photo by David Hoppe



