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Conservation translocations, the human-mediated movement and release of a living
organism for a conservation beneﬁt, are increasingly recommended in species’
recovery plans as a technique for mitigating population declines or augmenting genetic
diversity. However, translocation protocols for species with broad distributions may
require regionally speciﬁc considerations to increase success, as environmental
gradients may pose different constraints on population establishment and persistence
in different parts of the range. Here we report on ongoing, genetically informed
translocations of a threatened amphibian, California red-legged frog (Rana draytonii),
from Baja California, Mé xico, to extirpated parts of the range in southern California in the
United States, where contemporary stressors related to urbanization, invasive species,
and aridiﬁcation add to the natural environmental challenges already present for
amphibians at this ‘warm edge’ of the range. We describe the collaborative binational
planning required to jumpstart the effort, the ﬁne-tuning of protocols for collection,
transport, headstarting, and release of individuals, and results of multiple translocations,
where time will tell whether the successes to date have reached their full potential. The
steps outlined in this paper can serve as a template to inform future conservation
translocations of imperiled amphibians across the U.S./Mé xico border, where the
phylogenetics, historical biogeography and future habitat availability of a focal species
are blind to political boundaries and critical to guiding recovery actions across the range.
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Garcı́a, 2017; Backlin et al., 2018; USGS unpub. data). These
studies conﬁrm that all populations in Baja California, Mé xico,
form a single, well-supported lineage within R. draytonii that is
distinctive from other lineages north of the Los Angeles Basin in
California (‘Baja California Lineage’).
The causes of decline rangewide include habitat conversion
and fragmentation; modiﬁed hydrology; pollution; mining;
poorly managed livestock grazing; overharvesting for food in
the late 19th and early 20th centuries; proliferation of nonnative
predators (e.g., American bullfrog (Rana catesbeiana), red
swamp crayﬁsh (Procambarus clarkii), and a variety of
nonnative predatory ﬁsh species); prolonged drought (USFWS,
2002; Peralta-Garcı́a et al., 2016; Thompson et al., 2016); and
possibly the amphibian fungal disease chytridiomycosis (Adams
et al., 2017).
Since its U.S. federal listing (USFWS, 1996), recovery actions
for the Baja California Lineage of R. draytonii have languished in
the southern range gap, despite measures in other parts of the
state that include translocation (e.g., Santa Monica Mountains
National Recreation Area, Pinnacles National Park, Golden Gate
National Recreation Area, and Yosemite National Park).
Reintroduction planning at the warm, arid edge of the species’
range south of the Los Angeles Basin (in contrast with the cooler,
wetter edge in northern California) was stalled due to a lack of
approved reintroduction sites, persistent threats (namely
invasive exotic species and drought), unidentiﬁed source
populations, and naivety regarding the international permit
process. Meanwhile, the last known population of R. draytonii
at the Santa Rosa Plateau, in Riverside, California, became
extirpated sometime after 2002.
During the nearly 20-year period that followed, organizations
including Conservació n de Fauna del Noroeste A.C. (FAUNO),
San Diego Natural History Museum (SDNHM), The Nature
Conservancy (TNC), U.S. Fish and Wildlife Service (USFWS),
and U.S. Geological Survey (USGS) laid the foundation for
reintroduction of R. draytonii through habitat protection and
restoration, threat management, genetics research, source
population assessment, development of translocation methods,
and investigation of the international permitting process. In 2019,
these organizations formed a coordinated working group focused
on the reintroduction of R. draytonii from México, including the
development of a translocation feasibility analysis and
reintroduction plan that identiﬁed the following short-term
goals: (1) conduct three annual translocations from Baja
California to two sites (see Methods) in the extirpated parts of
the species’ range in San Diego and Riverside counties in southern
California (2020 to 2022); (2) conduct annual monitoring at both
reintroduction sites for six years (2020 – 2025); (3) conduct annual
monitoring of each source population in Baja California for six
years (2020 – 2025); and (4) have fully established populations
(i.e., reproducing) at both recipient sites by 2025.
In this paper we describe our collective translocation of R.
draytonii across the U.S./Mé xico border, steps that made the
intervention possible, and determinants of success to date. The
~420 km gap now separating populations in southern California
and northern Baja California makes this one of the largest

1 INTRODUCTION
Global declines in biodiversity are necessitating bold and rapid
action to abate threats and reduce the risk of extirpation or
extinction. Translocation of individuals from certain parts of a
species range to others is one such method that has been used to
good effect for species recovery, but the process is often
challenging, and myriad considerations are necessary to achieve
success (Dodd and Seigel, 1991; Reinert, 1991; IUCN/SCC, 2013;
Seddon et al., 2014; Berger-Tal et al., 2020). Types of translocations
include reintroduction (i.e., the release of organisms into
extirpated parts of the native range), reinforcement (i.e., release
of organisms to enhance existing populations), assisted
colonization (i.e., release of an organisms outside the indigenous
range to avoid extinction), and ecological replacement (i.e., release
of organisms outside the range to perform a speciﬁc ecological
function), some or all which may be required for the most
imperiled populations, species, or ecosystems (Fischer and
Lindenmayer, 2000; IUCN/SCC, 2013; Hayward and Slotow,
2016). That 40% of the world’s nearly 7,000 amphibian species
are threatened with extinction underscores a need to evaluate
translocation and other forms of intervention as tools that can
promote recovery (Wake and Vredenburg, 2008; Linhoff
et al., 2021).
Translocation planning includes identiﬁcation of source
populations and recipient sites, willing landowners, threat
abatement, long-term ecological management, information
about population genetics and phylogenetics, post-release
monitoring, and funding (IUNC/SCC, 2013; Linhoff et al.,
2021). Accounting for taxon-speciﬁc behavioral traits and life
history is also important to improve outcomes, particularly for
protected species (Berger-Tal et al., 2020). For those with broad
distributions, environmental heterogeneity can introduce
limiting factors in parts of a species’ range that may reduce the
efﬁcacy of a translocation protocol that worked well in other
parts of the range. Therefore, knowledge built through
experimentation in different parts of the range may be
necessary to optimize the technique in different environments.
In the United States, reintroduction is often identiﬁed as a
recovery action for species listed under the Federal Endangered
Species Act of 1973, such as the threatened California red-legged
frog (Rana draytonii) (USFWS, 2002). Prior to its decline, R.
draytonii was abundant in California and Baja California,
Mé xico, occupying coastal drainages from Mendocino County
and the Sierra Nevada in northern California south into
northwestern Baja California, Mé xico. Today, the species
occupies less than 30% of its historical range (Thompson et al.,
2016). Populations in southern California (i.e., San Bernardino,
Riverside, Orange and San Diego counties) and much of Baja
California are now extirpated, leaving a ~420 km gap in the
southern part of the species’ range (Peralta-Garcı́a et al., 2016;
Backlin et al., 2018).
The population genetic structuring and ancestry of R.
draytonii in northern Baja California and southern California
have been examined using mitochondrial, microsatellite, and
genomic data (Shaffer et al., 2004; Richmond et al., 2013; Peralta
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distances ever covered for a translocation experiment in frogs
(Figure 1). Our objectives for the effort were threefold: (1) to
increase genetic representation of the declining Baja California
lineage within R. draytonii; (2) to repatriate parts of the historic
range in southern California, an action outlined in the species
Recovery Plan (USFWS, 2002); and (3) to establish a process for
the binational recovery of R. draytonii. This effort adds to a
growing list of translocations for R. draytonii in California,
including further north in the Santa Monica Mountains of Los
Angeles County, where a single population remained until
managers used the technique to mitigate further retraction of
the range in coastal southern California. Because additional
translocations will take place in the coming years,
documenting lessons from the ﬁrst three years of this effort
will improve success for this form of intervention not only in R.
draytonii, but for other anuran species of conservation concern
that straddle the international border with Mé xico.

2 METHODS
2.1 Metrics of Success
Our team determined the following metrics for success for the
project: (A) translocation of egg masses must occur at two or
more recipient sites (achieved in 2020, 2021 and 2022); (B) egg
masses, juveniles and adults are present at the recipient sites
within six years following the initial translocation (partially
achieved at both sites in 2021); and (C) population
demography at recipient sites is stable or increasing at six
years (although ‘stable’ in this part of the species’ range
includes ﬂuctuating demographic structure to due seasonal and
multi-year climate variability (Richmond et al., 2014).

2.2 Selecting the Source Population
Determining the most suitable source population required
multiple considerations, beginning with genetic data that

FIGURE 1 | Map of translocation project area. Green polygon shows the approximate distribution of the Baja California lineage of R. draytonii based on available
genetic data and museum specimens (records not shown). Polygon with cross-hatching shows R. draytonii occupancy in Baja California, Mé xico. Triangles represent
the two recipient sites in California and circles represent the source populations in the Sierra de San Pedro Martir mountains. The single yellow square represents the
most southern R. draytonii population in California (in the Santa Monica Mountains), which is the northern limit of the 420 km range gap.
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a Conservation Easement owned by TNC. It is managed by USFWS
through a Cooperative Agreement that has led to numerous
recovery actions for the beneﬁt of aquatic species, including
western pond turtle (Actinemys pallida), which is being evaluated
for listing under the U.S. Endangered Species Act of 1973 (USFWS,
2015). The largest pond on the property (~4,000 m2) was drained,
purged of nonnative ﬁsh, and lined with bentonite to maintain
surface water, providing perennial water during drought years.
Bullfrogs have been effectively eradicated. Despite eradication we
continue to monitor and manage to maintain their absence.
Stepwise eradication is currently being performed in the
downstream direction.

narrowed the search to four genetic groups within the 10 extant
populations in the Baja California Lineage, located in the Sierra
de San Pedro Má rtir mountains. Each of these populations is
considered threatened due to their relatively low abundance,
limited geographic reach and exposure to threats. Population
surveys in 2013-14 (Peralta-Garcı́a et al., 2016) and regular
surveys since informed our most recent abundance estimates.
We also considered other factors such as relationships with local
landowners and managers, the equivalency of elevation between
the candidate source and recipient sites (due to the potential for
adaptive variation at different elevations), road access to
occupied habitat, helicopter landing suitability, and whether
habitat enhancement projects were ongoing at any speciﬁc
sites. Two sites in separate watersheds in the Sierra de San
Pedro Má rtir were selected as suitable sources in Years 1 and 2
(hereafter ‘San Telmo’ and ‘Santo Domingo’) (Table 1). A third
site in the same mountain range was added in Year 3 (hereafter
‘San Rafael’). All source sites are benefactors of ongoing habitat
enhancement, relatively accessible, and have evidence of regular
reproduction and recruitment.

2.4 Collection Parameters
Rana draytonii is a large frog with mature adults reaching up to
13 cm in length (Stebbins & McGinnis, 2012). The window of
reproductive activity is relatively short at approximately two
months. Eggs are laid during winter and early spring, with the
onset and peak of egg production dependent on the local
environmental conditions of a particular year (Alvarez et al.,
2013). Sexually mature females lay a single large egg mass of 500
to 4,000 eggs each year (Stebbins & McGinnis, 2012). The large
size of the egg masses makes them relatively easy to detect and
distinguishable from other native anuran species.
We used egg masses for translocation to avoid problems with the
homing instinct of juveniles and adults and to maximize the
number of individuals transported at any one time (Gill, 1979;
Reinert, 1991; Bloxam & Tonge, 1995; Rathbun and Schneider,
2001; Semlitsch, 2002; Tocher & Brown, 2004), as amphibian
translocations can be mired by small sizes of newly re-established
populations (Germano and Bishop, 2009). Due to a lack of keratin
tissue, egg masses are not susceptible to infection by the pathogen
Batrachochytrium dendrobatidis (hereafter Bd: Hyatt, 2016), which
can lead to the often-fatal disease chytridiomycosis in amphibians.
While the degree to which Bd has inﬂuenced mortality in R.
draytonii is uncertain (but see Adams et al., 2020), there are no
documented mass mortality events due to the disease in this species.
Although the pathogen is present at both the donor and recipient
sites (Peralta-Garcı́a et al., 2018; Santos-Barrera & Peralta-Garcı́a,
2018), we implemented a biosecurity protocol (Appendix 1) to
minimize the potential for spread.We surveyed source populations
for eggs on a weekly basis from January through April, with slight
variation in the timing of when surveys began depending on the site
and year. We collected half of one egg mass for every ﬁve fertile egg
masses detected at each site (10% of reproductive output) to
minimize demographic impacts on the sources.
To maximize the resilience of embryos during handling and
transportation we considered their Gosner (1960) developmental
stage when evaluating the suitability of an egg mass for translocation.
Egg masses containing embryos beyond Gosner stage 20 were not
considered for translocation because of the risk of premature
emergence, and whenever possible we preferentially translocated
those egg masses that were the earliest along in development.
Egg masses were transported in a coarse-mesh nylon bag
(hereafter, transport bag) suspended in ﬁltered pond water in a
3L plastic container. A protocol describing the egg mass detection
surveys, egg harvesting and transport, and biosecurity measures is

2.3 Selecting the Recipient Sites
Prioritization of recipient sites in southern California was based on
land protection status, landowner interest, habitat suitability
(microhabitat conditions, water availability, site elevation and
natural dispersal opportunities), threat abatement, active
management, and prioritization by the USFWS Recovery Plan for
California Red-legged Frog (USFWS, 2002). We ultimately selected
two sites, one being a known historic locality and the other within
the species’ historic range but lacking veriﬁable records.
The known locality was the Santa Rosa Plateau in Riverside
County, California, a state-designated Ecological Reserve of
~3,650 hectares supporting oak woodland, grassland, vernal
pool and riparian habitats (elev. 610 m). It is currently owned
by California Department of Fish and Wildlife (CDFW) and
Riverside County Parks and managed by TNC. The primary
historical threat to R. draytonii, the invasive American bullfrog,
was eradicated after a major removal effort in the early 2000s. In
addition, three ponds were artiﬁcially constructed by TNC in
2018 to provide refugia for aquatic species during extended dry
periods, an issue that is predicted to worsen due to
anthropogenic climate change (Polade et al., 2014).
The second recipient site is a privately-owned 162-hectare cattle
ranch at Mesa Grande situated in the headwaters of a major
watershed in San Diego County (elev. 987 m). This property
supports grassland, chaparral, oak woodland, freshwater seeps,
low growing scrub communities, and is protected in perpetuity by

TABLE 1 | Overview of source and recipient sites for reintroduction of the Baja
California lineage of R. draytonii.
Site Name
San Telmo
Santo Domingo
San Rafael
Santa Rosa Plateau
Mesa Grande

Type

Location

Source
Source
Source
Recipient
Recipient

Baja California, Mé xico
Baja California, Mé xico
Baja California, Mé xico
Riverside, California, U.S.A.
San Diego, California, U.S.A.
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provided in Appendix I. To protect the health of personnel, ﬁeld
activities conducted after March 15, 2020, followed standard Covid19 protocols.
On each day of transport, we obtained clearance to move eggs to
the United States from Mexican wildlife ofﬁcials (Procuradurı́a
Federal de Protecció n al Ambiente; PROFEPA) in the city of
Ensenada. In Years 1 and 2, egg masses were transported in
modiﬁed YETI® coolers by helicopter to the Guadalupe Valley,
and then transferred to a vehicle and driven to the international
border in the city of Tecate. Entry into the United States was
approved by the U.S. Fish and Wildlife Service and U.S. Customs
and Border Protection. From the port of entry, the eggs were then
driven to the recipient sites. In Year 3, to reduce uncertainty in
planning for use of a helicopter, egg masses travelled exclusively by
vehicle from the source sites to the release sites. Travel time was
slightly shorter with the helicopter, but both took approximately 810 hours and were dependent on border-crossing wait times.

(Figure 2). We detected most of the egg masses (n = 13) during
the ﬁrst week of February, with 65% located in artiﬁcial breeding
ponds constructed outside of the main stream channel. In 2021, we
initiated surveys one week earlier, starting on January 19, and
continued until no new egg masses were detected for two
consecutive surveys, with surveys ending on March 15. Far more
egg masses (n = 35) were found in 2021, with all detected from
January 19 to February 18; 66% were found in the artiﬁcial breeding
ponds. In 2022, weekly egg mass surveys began on January 12 and
continued until February 25; 43 egg masses were detected. Breeding
seemed to peak both in mid-January (n = 25) and in early February
(n = 11). As in previous years, the majority (63%) of egg masses were
detected in the artiﬁcial breeding ponds in 2022.

3.1.2 Santo Domingo
We conducted egg mass surveys at the highest elevation site,
Santo Domingo (900 m), from January 28 to April 27, 2020, with

2.5 Headstarting and Release at
Recipient Sites
We conducted ‘soft releases’ at recipient sites using in situ holding
pens to support egg and tadpole development while affording
protection from predators. Prior to placement in the holding
pens, we rinsed each transport bag (containing each half-egg
mass) three times in containers with recipient pond water to
reduce the potential spread of Bd spores and allow the eggs to
acclimate to the new water. After acclimating the eggs in plastic
containers for 15-20 min, we suspended the transport bag inside a
larger, ﬁne-mesh nylon bag supported by a PVC pipe frame,
referred to as the holding pen. Each holding pen ﬂoated at the
surface of the water and was anchored seven weeks prior to
translocation to allow algal growth, providing a food source for
tadpoles. After hatching, the tadpoles could swim out of the
transport bag and into the holding pen. We initiated
supplemental feeding once algal material started to decline within
the holding pens. We also measured temperature, pH, conductivity,
and dissolved oxygen of the water during every site visit.

A

B

2.6 Post-Release Monitoring
Annual post-release monitoring for newly metamorphosed frogs
began in August and continued through mid-November. This
consisted of nighttime visual searches along the shoreline or by
kayak using ﬂashlights and headlamps. We captured frogs by
hand or with dip nets and recorded life-stage, sex, weight, length
and GPS location. We implanted a permanent passive integrated
transponder tag (PIT-tag) into individuals with a snout-tourostyle length of ≥45 mm, which allows us to track the age
and survival of individual frogs from each cohort.

C

3 RESULTS

FIGURE 2 | Egg mass detections at three R. draytonii source sites [San
Telmo (A), Santo Domingo (B), San Rafael (C)] in Baja California in 2020,
2021 and 2022. Week 1 = First week of January; Week 17 = Fifth week of
April. Annual surveys started earlier each year as the timing of breeding was
better understood (surveys were initiated the fourth week of January in 2020,
the third week of January in 2021, and the ﬁrst week of January in 2022).
Survey schedules varied from year to year. See Appendix II for a complete
survey schedule for each site.

3.1 Egg Mass Detection at
Source Populations
3.1.1 San Telmo
In 2020, we conducted egg mass surveys at San Telmo (620 m) from
January 28 to April 7, during which we found 20 egg masses
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a total of nine egg masses detected across the 14-week survey
period (Figure 2). The ﬁrst egg masses were detected in the last
week of February, a one-month delay in egg detection compared
to San Telmo the same year; 80% of egg masses were detected in
the main stream channel and the rest in a natural oxbow pond.
Fifty percent of egg masses (n = 5) were detected during the third
week of April, 2020. Heavy rains across the region prevented full
stream surveys at both sites from March 11 to April 13, and high
ﬂow led to a documented loss of two egg masses at Santo
Domingo after the initial detections in early March.
In 2021, we started surveys at Santo Domingo one week
earlier (January 19) and continued through April. We decided
not to collect eggs at Santo Domingo in 2021 due to the low
number of egg masses detected in 2020, and as such, transitioned
to a biweekly survey schedule. All breeding detected in 2021
occurred from March 19 to April 4 (n = 10).
Biweekly surveys in 2022 started on February 25 and
continued through April 19, 2022. Due to the two consecutive
years of low reproductive output at Santo Domingo, we again
avoided the site for egg harvest in 2022. The biweekly survey
schedule allowed for accurate detection of egg masses while
balancing personnel hours required for the project. However, a
more labor-intensive weekly schedule is required for sites
designated for egg harvest, as the eggs need to be identiﬁed for
translocation at the earliest possible stage in their development as
possible. Off-channel ponds constructed at Santo Domingo in
2019 have yet to be colonized by breeding adults of R. draytonii.
Based on the three-year delay in use of the off-channel San Telmo
ponds, we estimate the Santo Domingo ponds could be used for
breeding in 2023.

We split this single egg mass (Gosner 20) into two halves and
held them in situ until the following day, when one half was
transported to Mesa Grande and the other to the Santa Rosa
Plateau (site SRP 1). Embryos were hatching upon arrival, with
tadpoles and remaining eggs all in good condition. Eggs mass
surveys continued at Santo Domingo until April 27, when one
half-mass (Gosner 18) was collected and transported to Mesa
Grande the following day. Due to the earlier developmental stage
of this egg mass, no eggs hatched during transport and the mass
remained in good condition.
Twice as many (n = 6) egg masses were translocated in 2021
as in 2020 (n = 3), all sourced from San Telmo. We transported
two egg masses per week for three consecutive weeks from late
January to mid-February, with three sent to each recipient site.
All egg masses collected in 2021 were at an earlier developmental
stage compared to the previous year (Gosner 10 – 16). At Santa
Rosa Plateau we used two separate release areas within the same
creek in 2021: the same pond used in 2020 (SRP 1), and an instream pool located approximately 2 km away (SRP 2).
In 2022, egg mass collection increased again (n = 9) with the
addition of the new source, San Rafael, which supplied one egg
mass to each recipient site. The timing of breeding mirrored the
previous year, facilitating the collection of all nine egg masses in
just two transport events during the ﬁnal two weeks of January.
Four egg masses (Gosner 9 – 14) were sent to Mesa Grande, and
5 were sent to the Santa Rosa Plateau (SRP 1). An overview of
which source and recipient site were used each year is shown
in Table 2.

3.1.3 San Rafael

We conducted two translocations in 2020, one in March and one
in April. Following the ﬁrst translocation on March 14, 2020, we
conducted seven weekly welfare checks until May 12. After
nearly two months of healthy growth in the holding pens, we
observed a decline in the number of tadpoles at both sites within
a week’s time and decided to release those that remained. Decline
was more extreme at the Santa Rosa Plateau; however neither site
had signiﬁcant changes or abnormalities in water quality or
temperature. Analysis of the mortality at the Santa Rosa Plateau
by USGS National Wildlife Health Center did not establish a
cause of death. This initial translocation resulted in the release of
17 and three tadpoles at Mesa Grande and Santa Rosa Plateau,
respectively, in 2020 (Table 3).
Following the second translocation to Mesa Grande on April
28, 2020, we conducted three welfare checks between April 30
and the release date on May 12. This second translocation in

3.3 Headstarting and Release at
Recipient Sites

Egg mass monitoring started at San Rafael in 2021 to evaluate the
possibility of adding this population as a source for translocation.
We conducted four biweekly surveys at this low elevation (220
m) site from January 19 to March 3, with 12 masses observed in
2021 (Figure 2). Surveys in 2022 were initiated one week earlier
and conducted from January 7 to February 28 and detected over
three times as many egg masses as in 2021 (n = 38). A large (500
m2) off-channel pond constructed in 2021 to provide additional
breeding habitat for the species is yet to be utilized. The increase
of egg masses at this site in 2022, resulted from the construction
of an in-stream pond in March 2021 by local ranchers who used
it as a source of irrigation water. Our experience with such ponds
at other sites in Mé xico indicates that they are generally
compatible with frog breeding in the short-term. Such instream ponds are generally colonized by frogs quickly, but they
can be ﬁlled in with sediment during heavy ﬂow events or overutilized for agricultural irrigation. Thus, our current strategy is
focused exclusively on pond construction outside of the main
stream channel in order to provide long term resilience.

TABLE 2 | Account of years that source and recipient sites were used in
translocation of R. draytonii Baja California lineage.
Recipient Sites

3.2 Egg Mass Collection and Transport
Although egg mass deposition peaked at San Telmo in the ﬁrst
week of February, 2020, delays in obtaining permits led to the
ﬁrst collections on March 13, 2020. Due to this late stage in the
season, only one egg mass was available for translocation.
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column if necessary. We also eliminated the seven-week
advance placement of the holding pen to reduce the possibility
of damselﬂy larvae colonization.
In Year 1, we examined the eggs/tadpoles two days after the
translocation, and then approximately every seven days
thereafter. In Year 2, we monitored the egg masses daily, and
in Year 3 we monitored twice per week. Tadpoles were released
from their holding pens with a target size of 35-40 mm in length
and Gosner stage 25, which was later revised to 15 mm and
Gosner 25.

2020 resulted in the release of 454 tadpoles, all in good condition
and with little mortality. We released the tadpoles in this group
after 14 days (17 mm) to avert potential mortality as seen with
the ﬁrst two egg masses (released at 38 mm and 22
mm, respectively).
In 2021, we conducted daily welfare checks of egg masses at
Mesa Grande and Santa Rosa Plateau until their release on two
dates in March. Approximately 1,600 tadpoles (12-13 mm) were
released at the Santa Rosa Plateau after 35 – 43 days of
headstarting (SRP 1: n = 1,325; SRP 2: n = 275). At Mesa
Grande, about 2,343 tadpoles (16 mm) were released after 49 –
55 days of headstarting. We again released tadpoles earlier and at
a smaller size compared to the previous year to avoid potential
mortality associated with penned tadpoles at larger sizes.
Following the 2022 translocations, we monitored egg masses
twice per week from January 22 until April 4, 2022. After 63-70
days, about 2,464 tadpoles (15-30 mm) were released from the
holding pens at Mesa Grande. At Santa Rosa Plateau, we released
a total of 1,105 tadpoles in 2022. Three of ﬁve egg masses in SRP
1 were released into that pond after 70 days (n = 888; 20-30 mm).
The remaining two egg masses (n = 217; 23-30 mm) were
transported from SRP 1 to a third site (SRP 3), where they
were released in an off-channel pond constructed and supplied
with well water to provide drought refugium. SRP 3 is
hydrologically connected to and located between SRP 1 and
SRP 2. A total of 1,359 tadpoles were released to Mesa Grande
and Santa Rosa Plateau in 2022.
Starting in Year 2 (2021), we removed the ﬂoating PVC frame
and stabilized the holding pens by securing them to t-posts
staked to the bottom of the pond (Figure 3). This modiﬁed,
hammock-like design allowed us to monitor the eggs more
efﬁciently and adjust the height of the eggs in the water

3.4 Post-Release Monitoring
Three surveys at Mesa Grande conducted between September
and November 2020 detected 71 newly metamorphosed frogs, of
which 18 were large enough to PIT-tag. Three surveys at Mesa
Grande in September and October 2021 detected 13 adults and
8 subadults.
We conducted two surveys targeting subadults at the Santa
Rosa Plateau on August 27 and September 22, 2020, but did not
detect any frogs. Five surveys conducted from July to October,
2021, detected 25 subadults and one adult frog at the Santa Rosa
Plateau, proving some survivorship of the 2020 cohort that
experienced the die-off. During this period, water levels at SRP
1 and SRP 2 diminished approximately 90% from January to
October due to below average rainfall in 2021.

4 DISCUSSION
Translocations of amphibian species have a mixed record of
success, in part because each life-history phase is subject to
unique threats to survival (Germano and Bishop, 2009; Scheele

TABLE 3 | Headstarting results for 18 R. draytonii half-egg masses translocated from Baja California, Mé xico, to California, U.S.A. (2020 – 2022).
No.

Translocation Date

Source

Recipient

Gosner Stage
at Collection

Release Date

No. Tadpoles
Released

Holding Time
(days)

Size at Release
(mm)

1
2
3

14-Mar-20
14-Mar-20
28-Apr-20

San Telmo
San Telmo
Santo Domingo

Mesa Grande
SRP 1
Mesa Grande

20
20
18

38
22
17

27-Jan-21
27-Jan-21
4-Feb-21
4-Feb-21
10-Feb-21
10-Feb-21

San
San
San
San
San
San

Telmo
Telmo
Telmo
Telmo
Telmo
Telmo

SRP 2
SRP 1
Mesa Grande
SRP 1
Mesa Grande
Mesa Grande

12
11
10
16
13
11

43
43
55
35
49
49

12 - 13
12 - 13
16
12 - 13
16
16

10
11
12
13
14
15
16
17
18

20-Jan-22
20-Jan-22
20-Jan-22
20-Jan-22
20-Jan-22
27-Jan-22
27-Jan-22
27-Jan-22
27-Jan-22

San
San
San
San
San
San
San
San
San

Telmo
Rafael
Telmo
Telmo
Rafael
Telmo
Telmo
Telmo
Telmo

Mesa Grande
Mesa Grande
SRP 1
SRP 1
SRP 1
SRP 3
SRP 3
Mesa Grande
Mesa Grande

12
12
9
10
9
14
12
12
10

17
3
454
474
275
784
1,128
541
729
486
3,943
372
403
577
274
37
114
103
371
213
2,464

59
59
14

4
5
6
7
8
9

12-May-20
12-May-20
12-May-20
2020 Total
11-Mar-21
11-Mar-21
31-Mar-21
11-Mar-21
31-Mar-21
31-Mar-21
2021 Total
31-Mar-22
31-Mar-22
31-Mar-22
31-Mar-22
31-Mar-22
4-Apr-22
4-Apr-22
31-Mar-22
31-Mar-22
2022 Total

70
70
70
70
70
67
67
63
63

19-23
15-20
20-25
25-30
24-27
25-30
23-29
15-20
13-17

All tadpoles were released at Gosner Stage 25.

Frontiers in Conservation Science | www.frontiersin.org

7

June 2022 | Volume 3 | Article 908929

North et al.

Binational Translocation of Rana draytonii

FIGURE 3 | (A) Example of the modiﬁed egg mass holding pen. (B) Example of consecutive holding pens (n = 4) attached to posts.

We modiﬁed the following procedures to address several
factors: 1) timing of egg mass surveys; 2) target lifestage for
egg harvest; 3) design of holding pens; 4) advanced placement of
holding pens; 5) monitoring frequency during headstarting; and
6) tadpole size at release. After gaining insight on breeding
phenology over successive years, we found that egg mass
surveys are best initiated in early January at the low elevation
sites (San Rafael and San Telmo), and in March at the higher
elevation site (Santo Domingo) due to the inﬂuence of
temperature on breeding.
We are now targeting Gosner stage 14 or lower as the
optimum stage for harvest, and stage 18 as the upper limit
based on success of the second translocation in 2020. This
approach increases the overall acclimatization time to the
recipient environment by exposing embryos to the new
conditions at an earlier stage of development, providing greater
opportunity for their genotypes to respond to any novel stimuli.
This may be important for translocations involving large
translocation distances, where local environments at the source
and recipient sites are more likely to differ than they would over
shorter distances (Marshall et al., 2010). The ability to produce
different phenotypes from the same genotype (Schlichting, 1989;
Nicotra et al., 2010), or phenotypic plasticity, may therefore
facilitate a better phenotype-environment match at recipient
sites if the eggs are translocated earlier in development, and
ultimately improve survivorship. Realistically, collecting at the
targeted Gosner stage is constrained by year-to-year variation in
the timing of egg laying, the inﬂuence of temperature on
development, undetected egg masses, and the ability to quickly
mobilize a complex cross-border operation.
Modiﬁcation of the holding pen design has increased
monitoring ease and efﬁciency. To avoid colonization of
damselﬂy larvae in the holding pens (leading to potential
predation), they are no longer set up in advance of a
translocation event and we manually remove any damselﬂy
larvae throughout headstarting. The frequency of egg mass and
tadpole monitoring varied from year to year (2020: weekly; 2021:

et al., 2021). Success can also be affected by environmental
gradients that impose different constraints on population
establishment and survivorship in different parts of the range.
These factors can lead to unanticipated challenges in the early
stages of the process, yet the knowledge gained through these
‘growing pains’ are key to reﬁning techniques and ultimately
improving success. Below, we draw attention to early challenges
for this project that are likely to extend to other amphibian
species, describe modiﬁcations to the initial protocol to mitigate
them, and highlight results that demonstrate the effort is on a
positive trajectory.

4.1 Reﬁning Translocation Procedures
The biggest challenges to this project have involved uncertainty
of the weather, timing of breeding at different elevations, and
travel restrictions due to the Covid-19 pandemic. As shifting
circumstances closed our window of opportunity for the initial
translocation in 2020, we were left with only two late-season egg
masses that were slightly beyond the preferred developmental
stage for movement (Gosner 20). We proceeded with the
translocation because it was agreed that this would be the last
opportunity to do so in 2020, and at that point there was no
compelling reason to believe that the slightly older egg masses
would jeopardize success.
A deﬁnitive cause for the higher-than-anticipated and rapid
onset of mortality of the ﬁrst egg masses is unknown. Possibilities
include the late stage of egg development at the time of
translocation (Gosner 20 vs. 9-18 for subsequent translocations),
excessive duration of in situ rearing (59 days vs. 14-49 days),
inability of the tadpoles to properly thermoregulate in the water
column while in the holding pen, presence of damselﬂy larvae in
the holding pens (i.e., predation), and/or some unknown
environmental stressor. Tadpole growth, behavior, and
survivorship is affected by temperature (Goldstein et al., 2017),
although in this case water temperature and quality (unpublished
data) showed no striking ﬂuctuation or anomalies prior to or
during the mortality event.
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daily; 2022: twice weekly) until we struck a balance between
minimizing disturbance and monitoring frequently enough to
detect any problems as early as possible (e.g., mold growth,
mortality, predation). Lastly, to reduce any potential risk
associated with excessive time in the holding pens, the
minimum size for release was decreased from 35-40 mm to 15
mm and Gosner 25, which gives the tadpoles more opportunity to
self-regulate their feeding and preferred temperature.
High mortality is expected for wild (i.e., non-headstarted)
larvae. For example, natural survivorship from egg to subadult in
a population of R. aurora was reported in the literature as 5%
(Calef, 1973). Thus, detection of subadults and adults at both
recipient sites is an encouraging sign for population
establishment. Precise estimates of recruitment were difﬁcult to
obtain because we were limited to PIT-tagging individuals
greater than ≥45 mm snout-to-urostyle, an issue that will
ameliorate as more frogs grow to larger sizes. Nonetheless, the
number of translocated egg masses increased with each year
(2020 = 3 egg masses/474 tadpoles; 2021 = 6 egg masses/3,951
tadpoles; 2022 = 9 egg masses/2,464 tadpoles), suggesting that
modiﬁcations to the original protocol are working and active
management at the source sites is promoting breeding.

4.2 Binational Translocation Planning
In California, at least 40 species listed under the U.S. Federal
Endangered Species Act of 1973 have ranges that extend into
Baja California, but cooperative binational recovery planning can
be constrained by several complex factors (distinct
environmental regulations, unique permitting processes,
spending restrictions associated with public funding, differing
degrees of land protection and ecological management norms,
socio-economic circumstances on the ground, and language
barriers). Yet, translocation projects across the US-Mé xico
border are not unprecedented (e.g., California condor
(Gymnogyps californianus) (Walters et al., 2010); Tarahumara
frog (Rana tarahumarae) (Rorabaugh et al., 2020); Mexican wolf
(Canis lupus baileyi) (Parsons, 1998); multiple subspecies of
pronghorn antelope (Antilocapra americana) (Ramirez et al.,
1999); and black-tailed prairie dog (Cynomys ludovicianus) (Hale
et al., 2013). This project distinguishes itself in that it was
planned, permitted, and initiated in less than one year,
suggesting that expediency for this and other international
recovery efforts will continue to improve as successes become
more frequent.
The complexity of translocation planning can be untangled by
undertaking the systematic process described by the IUCN
(2013); we offer a ﬂowchart for the process undertaken here
(Figure 4). Identiﬁcation of binational partners with clear roles
was a major catalyst for success. Translocation projects can be
stalled during negotiations with landowners and in procuring
permits from both countries (see Acknowledgements for a list of
required permits), a challenge we mitigated by streamlining the
process over time and establishing a rapport with the regulatory
agencies involved with permitting. We also prioritized ﬁnancial
and technical support of FAUNO to ensure continued
cooperation with local ranchers in Mé xico in managing threats
and providing long-term resilience of aquatic habitat. Persistence
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FIGURE 4 | Process ﬂowchart for reintroduction of Baja California Lineage of
Rana draytonii.

of frogs in the Sierra de San Pedro Má rtir is far from guaranteed,
as increased groundwater extraction and surface diversions for
agriculture are ongoing threats that are exacerbated by invasive
species occupancy and aridiﬁcation. Future plans within Mé xico
include additional support from U.S. collaborators, continued
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natural dispersal among populations within the same watershed
(and where possible, between watersheds). Ideally, our goal is to
re-create self-sustaining metapopulations that require minimal
or no human intervention for survival.
Berger-Tal et al. (2020) emphasize that outcomes for
translocation interventions can be improved by accounting for
taxon-speciﬁc behavioral traits and life history. We add that
success also requires different considerations depending on
geography, particularly for species like R. draytonii that are
distributed across a broad latitudinal gradient. If translocation
is to be used as a staple method for reversing population declines,
success will likely require a geographically informed protocol
based on experimentation before it can be put to effective use in
certain parts of a species’ range.

habitat enhancement, and in-country translocation to add
resilience to the few remaining populations.

4.3 Future Directions
Successful translocations for Rana draytonii have occurred in
different parts of the species’ range, covering a breadth of habitat/
environments at different latitudes. This effort represents the ﬁrst
conducted across an international border at the ‘warm edge’ of
the range, where the species ecology is very different than in the
cooler parts of the range in central coastal and northern
California. Inland and upland suitable habitat in southern
California and northern Baja California is more ephemeral,
and perennial water sources occur mainly in the form of seeps
and springs (Levick et al., 2008; Hershkovitz and Gasith, 2013).
Ponds, lakes and reservoirs are not a part of the natural
landscape (Stephenson and Calcarone, 1999), and nonnative
invasive species are a persistent problem in these habitats
(Moyle and Marchetti, 2006). Presence of permanent or near
permanent water is a requirement for R. draytonii. Therefore,
considerable challenges exist for identifying stable recipient sites
that can support the species in this part of the range due to
climate change, which is predicted to increase the duration,
frequency and intensity of droughts and heat waves in the
region (Kalansky et al., 2018).
We will continue to prioritize source and recipient sites where
management can proactively provide aquatic refugia under more
extreme climatic conditions, such as the newly constructed
artiﬁcial ponds supplied with well water at the Santa Rosa
Plateau and those constructed at source populations in Baja
California. Artiﬁcial ponds can provide security for aquatic
species, including access to water for temperature regulation,
predation avoidance, foraging and breeding, although care must
be taken to ensure that nonnative species do not colonize
these sites.
We expect that propagule pressure will be key to population
establishment, as it takes time to reach stable predatory-prey
relationships and some critical mass of mature frogs that are
ready to breed (Lockwood et al., 2005; Gillespie et al., 2012).
Hossack et al. (2022) evaluated 25 years of survey and
translocation data for the Chiricahua leopard frog (Rana
chiricahuensis) and found an increased probability of site
occupancy and years of population persistence with more
translocation events. With these points in mind, our team has
agreed to conduct translocations for an additional three years,
and we anticipate that breeding at recipient sites will begin in
2023-2024. Once established (i.e., reproducing), we will monitor
the genetic health of translocated populations by comparing
them to source populations to measure genetic diversity and
levels of inbreeding between sites.
We intend to use the two U.S. populations as sources for
translocations to new sites that are currently under
consideration. To the extent possible, future reintroduction
sites will be clustered in close proximity to increase the
probability of natural recolonization by neighboring
populations (Hossack et al., 2022). More ﬁne-scale resiliency of
re-established populations may be generated by attempting to
restore metapopulation structure, with the goal of promoting
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PFPA/110/00888/2020,/01229/2020; 0259/2021, 0421/2021,
0527/2021; 400/2022, 495/2022) issued by Procuradurı́a
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