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Using science to solve management challenges in California's Sierra Nevada lake
ecosystems, with a focus on recovering endangered mountain yellow-legged frogs

The Mountain Lakes Research Group (MLRG) had a busy 2021 filled with mountain yellow-legged
(MYL) frog recovery efforts in the central and southern Sierra Nevada. We welcomed a brand new
and highly capable field crew, and with their assistance, we reintroduced or translocated 600 frogs
to formerly-occupied sites. We also surveyed previously reintroduced or translocated populations
in Yosemite and Kings Canyon National Parks and found most to be doing well. Looking forward, we
are happy to announce our participation in RIBBiTR, a new National Science Foundationfunded Biology Integration Institute that will examine resilience in amphibians around the world.
Read on for field season highlights, research updates, a funding overview, and a dedication to our
partners who help make mountain yellow-legged frog recovery possible.

A mountain yellow-legged frog suns itself at a high elevation lake in Kings
Canyon National Park. Photo credit: Kira Miller.

2021 Highlights

The Numbers

Reintroductions. We reintroduced over 530 adult frogs! Frogs were reared at
the Oakland and San Francisco Zoos and released in 11 lakes across two national
parks and one national forest. Frogs were transported to release sites by foot
and helicopter in coordination with land management agency and zoo partners.

537 frogs reintroduced

Translocations. In Yosemite, we moved 55 adult frogs from two thriving donor
populations to two nearby basins on foot. In these basins, we released both
translocated and reintroduced frogs simultaneously to allow us to compare frog
survival from these two recovery methods.

3 new reintroduction sites

Collections. We collected 275 tadpoles from three donor populations across the
Sierra Nevada. These tadpoles will be reared to adulthood by our zoo partners
and then reintroduced to the wild. In the zoo, many of these frogs will be
exposed to and then cleared of the chytrid fungus pathogen to increase frog
resistance to the fungus, which is nearly ubiquitous in the wild.
New discoveries. We began formal night surveys at select reintroduction sites to
learn if zoo-reared frogs are more active at night than wild frogs (as suggested
by observations made in 2020). As part of a new project in the Golden Trout
Wilderness, we collected environmental DNA samples to see if we can use this
technique to detect frogs in habitats where they are difficult to see and count.
Our 25 years of observations frequently reveal fascinating and confounding frog
biology. For example, this year, we observed frogs choking on leaves in their
obsessive pursuit of prey. There is always something new to learn!

55 frogs translocated
275 tadpoles collected
108 lakes surveyed

2656 adult MYL frogs
observed during visual
surveys
2100 subadult MYL frogs
observed during surveys
45,340 MYL frog tadpoles
observed during surveys
1720 skin swab samples
collected
>5,000 skin swab samples
analyzed
325 person days spent
conducting field work
5 helicopter flights
3 seasonal technicians
3 permanent employees

Helicopter crew members carry a frog cooler back to the ship after a reintroduction
in Yosemite National Park. Photo credit: John Imperato.

What’s in a reintroduction?

The stillness is broken by the distinctive BAP-BAP-BAP of rotor
blades. Even though we expect the helicopter, its arrival always comes as a surprise and its presence feels foreign
on the wild landscape. The ship lands, and crew members unload coolers packed with adult frogs in plastic cups.
In a storm of noise and rotor wash, the helicopter vanishes from the alpine basin as quickly as it arrived. We take
account of all frogs and release them into their new home, watching with satisfaction as they dive out of sight.
Reintroduction Day culminates the long and complex process required to rear a frog. The process begins with
summer tadpole collections. Before collecting, we count tadpoles at the collection site to ensure we remove less
than 10% of the tadpoles. We then collect the oldest tadpoles we can find. Older tadpoles metamorphose sooner
in the zoos, which reduces the time and cost of their rearing. Tadpoles leave the wild by helicopter or on our
backs in insulated coolers. Carrying an endangered species on your back is a unique experience, heightened by
leakage from the cooler dripping down to soak the seat of your pants. All in the name of frog conservation.
Oakland or San Francisco Zoo staff drive the collected tadpoles to the zoos where they are reared to adulthood
over 1-2 years, a feat that requires diligence and creative problem-solving. After tadpoles metamorphose into
froglets, zoo staff treat the new frogs with an antifungal drug to cure them of their chytrid fungal infections. Frogs
are fed and cared for until they grow large enough to be tagged. Zoo biologists insert a Passive Integrated
Transponder (PIT) tag, about the size of a rice grain, under each
frog’s skin, which allows us to identify frogs in the wild after release.
In the press.We and our collaborators
In spring, captive frogs are “immunized” in a process similar to
published five papers in 2021. We highlight
vaccination to help them combat the chytrid fungus in the wild.
Rothstein et al. (2021), which compared
Adult frogs are intentionally infected with the fungus, monitored for
genetic diversity of the chytrid fungus in
disease for several weeks, and are then cured with an antifungal
drug. After treatment, frogs must pass three qPCR tests (just like you
Panama and in the Sierra Nevada, two
may get for COVID) showing they are negative for the chytrid fungus.
regions that experienced massive chytridWe are still learning if immunization improves frog survival in the wild.
caused frog die-offs during the past
decades. Rothstein et al. found that chytrid
After frogs receive their chytrid-negative test results in May, a
helicopter release date is set in coordination with agency partners.
from Panama is genetically uniform. In
Field crews hike deep into the backcountry to listen for that heartcontrast, chytrid in the Sierra Nevada is
quickening BAP-BAP-BAP of the helicopter’s arrival and release the
highly genetically diverse among different
frogs they may have helped to collect 1-2 years prior.
sites. This may mean that chytrid has a
longer history in the Sierra Nevada than in
Every frog released is part of the answer to questions about what
determines survival post-release. We will check on these released
other parts of the world. This study serves
frogs every summer to evaluate their survival in the wild.
as an important reminder that chytrid
Reintroduction Day is exciting, but it is only one step in the long
outbreaks with similar disease patterns
process of recovering a frog population.
may have different pathogen histories and
management requirements.

Alexa Lindauer carries a pack full of adult MYL frogs
over a high mountain pass, taking advantage of
shade and cooler temperatures in the early morning.
Photo credit: Tom Smith.

Wishlist
Your used smartphone!
($0) Link for details

100 PIT tags to track
individual frogs ($165)

1 new PIT tag reader
($623)

Sponsor qPCR disease
testing for one frog
population ($330)

Fund a field technician for
the summer ($12,500)

Help fulfill the dream of an
endowment to fund frog
recovery and lake research
in perpetuity! ($10 million
- yes, we dream big)

Supporting Mountain Lakes Research
Our frog recovery work is completely funded by grants from federal
and stage agencies, and gifts from private foundations and
individuals. Thanks to a lot of hard work, our 25-year effort continues
to thrive and grow. This year, we are proud to be part of RIBBiTR, the
Resilience Institute Bridging Biological Training and Research, recently
funded by the National Science Foundation. This Biology Integration
Institute unites 10 universities to investigate the resilience of
amphibian populations to disease around the world. We look forward
to applying insights from this collaboration to enhance recovery of
amphibians in the Sierra Nevada and worldwide.
Acquiring the funds to sustain our annual budget of approximately
$250,000 remains a never-ending task. More funding means we can
implement more conservation actions and increase the pace of frog
recovery in the Sierra Nevada. In addition to grants from the National
Science Foundation, U.S. Fish and Wildlife Service, and California
Department of Fish and Wildlife, gifts from foundations and
individuals also provide critical funds to support our efforts. Have a
look at our Wish List to see what your donation, large or small, could
support. If you are interested in making a financial contribution,
please contact Roland. For used smartphone donations, please follow
these instructions and contact Alexa for questions.

Photo credit: Sonya Maple.

A healthy mountain yellow-legged frog catching
some rays. Photo credit: John Imperato.
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