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By 
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Abstract 

Populations of animals can often be spatially distributed across the landscape to avoid the 

effects of competition and overcrowding at centralized sites. Species of amphibian often reflect 

this established concept, and adults may engage with seasonal migration movements, moving 

from these spatially distributed aquatic habitats to centralized breeding habitats to complete their 

life cycles. However, due to low parental investment, newly metamorphosed juveniles are often 

naive to surrounding landscape features and the location of secondary aquatic sites on the 

landscape. These species may be of particular concern because not only are amphibians declining 

globally, but they occupy aquatic and terrestrial environments, requiring connectivity between 

these habitat types. We examined patterns of dispersal undergone by recently metamorphosed 

California Red-legged frogs (Rana draytonii), a federally threatened species. We used radio 

telemetry techniques to track the dispersal strategies, movement patterns, orientation, and short-

term survivorship of metamorphs leaving an established perennial breeding pond in an oak-

savanna habitat in Sonoma County, CA. We investigated the dispersal strategies associated with 

partial migration (dispersing in favor of a secondary residence site or remaining a resident of the 

breeding pond) related to sex, the state variable growth rate, and found that mean growth rate 

influenced whether metamorphs remained resident or engaged in dispersal. Despite their naivety, 

dispersing metamorphs demonstrated a non-random orientation away from the pond, suggesting 

a preference for specific landscape features. We investigated what effect sex and the state 

variable size (snout-to-urostyle length) had on short-term survivorship in these dispersing 

metamorphs and found that both sex and dispersal size affected survival. By sampling multiple 

times in a 24-hour period, we were also able to evaluate the effects of weather (daily 

precipitation accumulation, daily relative humidity, daily mean wind speed, daily mean 

temperature), time outside natal pond, and time of day on movement rates and distances moved 

demonstrated by dispersing metamorphs. We found that movement patterns changed with respect 

to time of day, sex, the state variables size and mean growth rate, and moisture-related weather 

patterns.  
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Introduction  

Migratory behavior has been documented widely across animal taxa, in groups including 

birds, mammals, fish, reptiles, insects, and amphibians (Dingle & Drake 2007, Davis et al. 2024). 

The reasons for migration can vary depending on ecological requirements, seasonal timing, 

climate, individual variation, and life history, but are often mechanisms for acquiring greater 

resources or more suitable breeding opportunities and/or exploiting resources on a seasonal basis 

(Outlaw et al. 2003, Alerstam & Bäckman 2018). Additionally, migration can be a response to 

competition among species or individuals which occupy similar niches; those that cannot 

efficiently compete engage in travel to attain resources elsewhere (Outlaw et al. 2003, Hedh et al. 

2024). Typically, migration movements are responses to seasonal changes which generate 

competition under limited availability of resources in the home range and provide an alternative 

strategy for survival for those individuals that are unable to remain as residents (Grayson et al. 

2011, Winger et al. 2019).  

Migratory patterns are not uniform, even within a species. Intraspecific variation may 

occur leading to partial migration, where some individuals migrate and other individuals in the 

same population remain resident at the breeding site (Chapman et al. 2011). What determines 

which individuals are likely to migrate each year can be dependent on the species’ life history 

and individual condition (Dingle & Drake 2007, Grayson et al. 2011). Of those species that 

employ partial migration behavior, many are in decline and vulnerable to extinction due to 

requiring multiple habitat types throughout their lives, and this is particularly true for amphibian 

species (Luedtke et al. 2023, Davis et al. 2024). Moreover, among age classes, juvenile animals 

across taxa typically encounter the greatest likelihood of mortality, and the energetic costs 
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associated with migration or dispersal movements may exacerbate this risk (Pianka 1970, 

Rothermel 2004).  

Dispersal movements are one-way migration events from birth sites to new residential or 

breeding locations among populations. These dispersal movements are thought to be important in 

colonization of unoccupied sites or sites where extirpation has previously occurred, and local 

population persistence, dispersal is thought to be more common among juvenile amphibians than 

adults (Berven & Grudzien 1990, Harper & Semlitsch 2007, Semlitsch 2008). State variables 

(e.g. mean growth rate and body size), as well as environmental effects such as relative humidity, 

temperature, and precipitation, have been demonstrated to affect the movement patterns of 

various amphibian species, both anuran and caudate (Sinsch 1997, Chan-McLeod 2003, Roe & 

Grayson 2008, Dervo et al. 2016, Dalpasso et al. 2023). Despite most species having a 

terrestrially adapted life stage, amphibians are heavily tied to the presence of moisture in their 

environments due to the high permeability of their cuticle, which loses moisture evaporatively, 

leading to the potential for desiccation (Sprenger et al. 2024). Amphibians hydroregulate 

behaviorally to maintain a careful water balance, including by foregoing movements in favor of 

remaining moist in appropriate microhabitats (Mitchell & Bergmann 2015). Therefore, the 

quality of the habitat through which individual anurans migrate, and the available microhabitats 

for stopover refuge, may be critical for survival of individuals undergoing migration (Seebacher 

& Alford 2002). Thus, juvenile amphibians, who are naive to the terrestrial landscape, may 

engage with partial migration and/or display migratory behaviors differently from adult 

individuals who have used migratory routes experienced from prior migrations, and are thus 

acquainted with the landscape (Sinsch 1997, Grayson et al., 2011).  
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Juvenile anurans are thought to be at higher risk of desiccation compared to adults, whose 

larger body sizes facilitate water conservation due to advantageous differences in surface area to 

volume ratio (Shoop 1974). It has been suggested that, in amphibians, initial orientation behavior 

is critical for the survival and fitness of an individual but may be limited by their sensory 

capabilities (Pittman et al. 2014). These studies have explored the role of both direct cues such as 

visual landscape features and olfactory cues, as well as the use of indirect cues like celestial 

patterns or geomagnetic fields for orientation and dispersal in pond-breeding amphibians and 

suggest that a mix of cues may be employed (Sinsch 1990, Patrick et al. 2007, Popescu et al. 

2012).  

Confronting the choice of partial migration, some juvenile individuals may forgo 

dispersal movements in favor of remaining at or near the breeding site, until reaching sexual 

maturity (Semlitsch 2008). Migration is energetically costly, increases the risk of desiccation, 

and exposes individuals to predation (Shoop 1974, Semlitsch 2008). In addition, secondary sites 

and appropriate habitat may not be intercepted during dispersal movements (Pittman et al. 2014). 

Larger size at metamorphosis, as a result of increased growth rates, can be associated with fitness 

advantages such as higher fecundity and earlier age of first reproduction (Smith 1987, Berven 

1990). Thus, some post-metamorphic individuals may reach sexual maturity sooner and forgo 

dispersal to maximize their fitness (Berven 1990). 

 The California Red-Legged Frog Rana draytonii is the largest member of the Ranid 

family native to the Western U.S. and has been extirpated from approximately 70% of its former 

range (Jennings & Hayes 1988). Historic overexploitation by people, habitat destruction, 

introduction of non-native species, and disease are just a few of the pressures that have been 

implicated in contributing to its decline (Jennings & Hayes 1985). Today, they are federally 
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protected under the US Endangered Species Act and listed as threatened (USFWS 1996). Rana 

draytonii, provides an excellent model for studying how patterns of partial migration among 

various age classes may occur in an amphibian species. 

During the breeding season (November-April), adult R. draytonii not already living at the 

breeding site migrate from their upland and residential aquatic habitats to breeding habitats 

including ponds, seasonal marshes, creeks, and channels, with breeding itself lasting about 2-3 

weeks. Females deposit their egg masses and attach them to emergent vegetation which are 

externally fertilized by the males (Alvarez et al. 2013). Larvae emerge after 1-8 weeks, and 

transition to a more terrestrially adapted stage through metamorphosis 3-7 months later, 

depending on factors such as water temperature (Jennings & Hayes 1994). By mid-summer, most 

R. draytonii larvae have transitioned from the larval form, through metamorphosis, into a small 

version of the terrestrial adult form known as metamorphs or froglets (henceforth froglet). 

Froglets then may disperse from their natal pond into the surrounding habitats or remain in the 

natal pond until achieving reproductive age following the arrival of seasonal rainfall, which 

marks the end of the hot, dry Mediterranean summer, transforms the landscape into a more 

suitable environment for amphibian movement by reducing the risk of desiccation (Stebbins 

2003, Allaback 2010).  

 The lack of information on the dispersal habits of recently metamorphosed California 

Red-legged frogs is a critical missing piece of our understanding of their movement ecology. 

Previous studies have addressed adult R. draytonii landscape movement patterns through the 

implementation of radio telemetry in both the pre-, and post-breeding seasons, (Bulger et al. 

2003, Fellers & Kleeman 2007, Tartarian 2008). Necessarily, these studies targeted adult frogs, 

and did not address the drivers of partial migration strategies. In addition, they did not examine 
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fine-scale movement patterns of the individuals monitored, as the frequency of tracking sessions 

was approximately 2-3 times per week. Critically, while these studies improved understanding of 

the movement ecology of adult R. draytonii in relation to both their seasonal breeding migrations 

and non-breeding movements, they did not address how post-metamorphic juveniles interact 

with environmental conditions and landscape factors during initial naive dispersal movements, or 

the proportion and characteristics of juveniles who may forgo dispersal in favor for remaining at 

the natal site as residents.  

In this study, we used radio telemetry to track the terrestrial movements of R. draytonii 

froglets during the dispersal from a natal pond. We investigated the drivers of partial migration 

strategies exhibited by froglets tracked in the study (remaining resident in the breeding pond or 

dispersing), as related to sex and individual state variables (size, mean growth rate). For 

individuals that did disperse from their natal pond, we investigated whether initial travel 

direction was random, or whether they demonstrated evidence of orientation. Further, we 

examined the patterns of movement (whether frogs moved from their previously occupied 

microhabitat and rate of movement) with respect to time of day, and climatic factors such as 

precipitation, temperature, wind speed, and relative humidity. Finally, we examined whether sex, 

state variables (size, mean growth rate), mean movement rate, or climatic factors impacted 

likelihood of survival through the period of monitoring. 
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Methods 

Study Site 

The study took place at the Mitsui Ranch Preserve (Figure 1), a 632-acre cattle ranch 

located 8 kilometers East of Petaluma in Sonoma County, CA, near the summit of Sonoma 

Mountain. Parts of Sonoma Mountain are currently listed as a critical designated habitat for R. 

draytonii, with approximately 60% of the property itself falling under the SON-2 unit of 

designated critical habitat for the species. The property consists of patchy oak savanna as well as 

more than 80% open rangeland used for seasonal cattle grazing. Plant species which make up 

these features include Coast Live Oak (Quercus agrifolia), Oregon White Oak (Quercus 

garryana), Black Oak (Quercus kelloggii), California Bay Laurel (Umbellularia californica), as 

well as native and invasive grasses. Located on the property are two ponds consistently used by 

R. draytonii for breeding (Wilcox et al. 2017). This study was centered around Bonnie’s Pond, 

the smaller of the two ponds, which consistently produces egg masses each year (Wilcox et al. 

2017). Directly North of the pond, there is a small, forested area, whereas directly South of the 

pond, there is mostly open grassland. Further Northwards from the pond, there are other 

additional property features known to support R. draytonii including Copeland Creek, a non-

breeding perennial pond, and springs. Approximately 600 meters south of Bonnie’s Pond is 

Leaky Lake, a larger ephemeral pond that also serves as a breeding site for R. draytonii on the 

property.  

 

Marking Individuals 

Following metamorphosis, individual froglets were hand-captured after dark, weighed to 

the nearest 0.1 gram using a Pesola spring scale, and snout-to-urostyle length (SUL) and gape 
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were measured to the nearest millimeter using a ruler. Individuals who met the minimum length 

of 35 mm SUL were selected to have a Passive Integrated Transponder (PIT-tag) installed 

subdurally using sterile forceps and scissors in the upper back. After insertion, the PIT-tag was 

coaxed gently down the length of the back and over the sacral hump using a finger. Each PIT-tag 

(Biomark MiniHPT8) contains a unique alphanumeric code that can be used to identify the 

individual using a hand-held scanning device in the field (Biomark HPR Lite Reader). Although 

these tags weren’t the primary method for tracking individuals, they proved helpful in identifying 

individuals that had shed their transmitters, so another could be attached and data collection 

could continue, and for reidentifying individuals in the subsequent years to sex them.  

 

Transmitter Attachment and Tracking 

Prior to the onset of seasonal rains in fall 2022 and 2023, froglets were collected from the 

pond edge, and were determined to be eligible to carry a transmitter (BD-2 Transmitter, Holohil 

Systems Ltd.) based on individual mass. In accordance with the 10% rule, the transmitter 

package did not surpass 10% of the frog’s total body mass to minimize any burden during 

movement (Richards et al. 1994). With this limit, frogs weighing 8 grams or more were eligible 

to wear a transmitter. Transmitters were attached to the frogs using <1 mm outer diameter 

polyethylene microcatheter surgical tubing as a belt around the waist, or the narrowest portion of 

the frog just forward of the hind legs (Figure 2; World Precision Instruments LLC). The two 

ends of the tubing were secured with cotton thread and tied together using a square knot. Cotton 

thread ensured that the belt would remain on the froglet for the life of the transmitter battery, but 

not long enough for the growing froglet to be constrained or injured by the belt. Cotton would 

eventually rot and break in the event of premature battery failure, or in our inability to relocate 
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the froglet for manual removal at the end of the field season (Bartlet & Peterson 2000). Once 

outfitted with a transmitter package, the froglets were released back into the pond. Froglets were 

located using a three-element Yagi antenna and receiver (R-1000, Communication Specialists 

Inc.), and their locations recorded using a GPS unit (Garmin GPSMAP 64sc). A flag was placed 

near the located froglet to better assess whether it had moved from its previous position. Efforts 

were made to confirm froglet position visually while not disturbing them physically. A new GPS 

location was only taken if the froglet had moved more than 1 meter from its previous location. 

Prior to transmitter expiration, efforts were made to locate the froglet to replace its transmitter 

with a new one to extend tracking periods, as each transmitter had a guaranteed battery life of 21 

days. During these transmitter replacement periods, the demographic information of each froglet 

(SUL, gape and mass) were updated.  

Frequency of telemetry tracking sessions varied between the two years. During year one, 

to try and capture fine-scale movement patterns on rainy nights, surveys were conducted every 

two hours from sunset to sunrise, with two checks during the day, one at noon and one at 14:00, 

as we assumed that froglets may move more during the night (Fellers & Kleeman 2007). 

However, this frequency of sampling was unnecessary as frogs did not move as far or as quickly 

as anticipated, so checks were reduced to two daily surveys during the second year, one at 

sunset, and one at sunrise. If a froglet died during the tracking period, their body was recovered, 

and necropsies were performed in order to try and identify the cause of death and assess final 

body condition.  
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Weather Data 

 To evaluate the effects that weather variation had on dispersing froglets’ movement 

patterns, we retrieved daily weather information of mean daily relative humidity (%), mean daily 

temperature (℃), mean daily wind speed (km/h), and precipitation accumulation (mm). The data 

were collected approximately 3 kilometers Southwest of the study site at Chateau weather station 

(KCAPETAL214) near Petaluma, CA, and was accessed via Weather (wunderground.org). 

 

Statistical Analyses 

Statistical analyses were performed in JMP 17 (SAS Institute), and R (R Studios). To 

assess which factors influenced whether froglets moved either at least 1 meter or 5 meters from 

their last known positions, generalized linear mixed models with a binomial distribution were 

used for each of these response variables. Daily mean relative humidity, daily mean wind speed, 

daily mean temperature, daily precipitation accumulation, number of days since the froglet was 

seen in the pond, and whether the time of day leading up to the survey was daytime or nighttime, 

and initial SUL, were included as explanatory variables in the model. Because the data were not 

independent, PIT-tag number was included as a random variable.  

To investigate the orientation abilities of dispersing froglets, ArcGIS Pro was used to 

calculate froglet position angles relative to North. To do this, a reference angle placed in the 

center of the pond was created and using the Measure Tool and the angles of the positions 

relative to North (designated as 0°) were calculated. These angles were split into two categories: 

Initial Foray, and Initial Dispersal. A Watson Two-Sample Test was used to evaluate whether 

there were differences in movement patterns between the two cohorts, allowing us to pool the 

data from both field seasons (2022-3 and 2023-4) if there were not. The generated angles were 
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then used in two analyses, using the R Circular package. The first was a Rayleigh’s Test to 

assess whether froglet initial foray positions (forays are temporary terrestrial movements that 

ultimately end up with the frog back in the pond) were randomly distributed or whether froglets 

demonstrate pre-dispersal orientation, investigating the quality of habitat and habitat type 

surrounding the pond prior to dispersal. The second was another Rayleigh’s Test assessing 

whether froglet initial dispersal movements were randomly distributed, or if they showed 

significant directionality. 

Movement distance was calculated as a straight-line distance between recorded GPS 

locations in ArcGIS Pro using the Measure tool. These were divided by the number of hours 

between surveys in order to generate a movement rate of meters per hour (m/h). To evaluate the 

effects that time of day (day/night), daily mean temperature, daily mean relative humidity, daily 

precipitation accumulation and number of days since the froglet was seen in the pond had on the 

movement rate of dispersing froglets, a generalized linear mixed model with a Poisson 

distribution was employed. Because the data were not independent, PIT-tag number was again 

included as a random effect. Temperature, relative humidity and precipitation accumulation were 

all checked for multicollinearity. Instances in which we could not confidently say whether day or 

night had exclusively passed between surveys were excluded from the data sets analyzed where 

time of day was investigated as an explanatory factor. For all analyses, instances where frogs 

were in the pond were excluded as they didn’t qualify as dispersal movements. Nominal logistic 

regression analyses with a logit function were performed to evaluate the effects of dispersal size 

(SUL) and mean movement rate (m/h) had on whether or not (Y/N) a frog reached a secondary 

aquatic site (used as a proxy for surviving dispersal), and whether sex and mean growth rate 

(mm/day) affected froglet movement strategy (dispersing away from the pond or foregoing 
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dispersal to remain a resident). Dispersal SUL was used rather than initial SUL as not all 

individuals dispersed at the beginning of the tracking period, giving froglets the opportunity to 

continue foraging and growing in the pond. Dispersal SUL was the size recorded during 

transmitter replacement and demographic updates closest to the date of dispersal. Sex was 

determined from surviving frogs recaptured in subsequent years during weekly demographic 

surveys (Wilcox, J. unpub. data). Using PIT-tag numbers to identify individuals, we determined 

sex once they had reached sizes associated with sexual maturity and the exhibited secondary 

sexual characteristics indicating male (presence of nuptial pads and paired vocal sacs), or female 

(presence of amplexal scars, lack of male characters, and loss of 15–20% of body weight after 

the breeding season). Mean growth rate (mm/day) was determined by calculating the difference 

between their final SUL and initial SUL divided by the number of days the frog was in the study. 
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Results 

A total of 39 froglets were tracked over two seasons; 19 froglets were tracked in the first 

season, and 20 in the second season. The first cohort of froglets was tracked from October 31, 

2022, until January 12, 2023, and the second cohort from October 26, 2023, until May 6, 2024. 

The data show how the state variable growth rate influences dispersal strategy, with froglets 

demonstrating higher mean growth rates (mm/day) being more likely to become residents of the 

pond, as opposed to dispersing (Χ² = 10.55, p = 0.012; Figure 3). Males were less inclined to 

disperse away from the natal pond than females (Χ² = 35.40, p < 0.0001).  

The Watson Two-Sample Tests showed no difference among cohort foray, and dispersal 

positions (p = 0.10), allowing us to pool the two cohorts together for the orientation analyses. 

The Rayleigh’s test investigating froglet initial foray orientations demonstrated significant 

directionality, and froglets were distributed in a fan-like arrangement around the Northern shore 

of the pond, with some individuals having explored the Southwest shore (R = 0.44, p = 0.0023; 

Figure 4). Similarly, the initial dispersal movements of froglets were significantly directional (R 

= 0.54, p = 0.0002, Figure 4) and demonstrated that froglets primarily dispersed Northwards of 

the pond, in that similar fan-like arrangement. The mean direction of travel was 15.7 degrees 

East of true North.  

Of the explanatory factors investigated for their influence over whether or not a froglet 

moved more than 1 m from their last known location, daily mean temperature (F ₁,₁₀₆ = 8.5628, p 

= 0.0042, R2=0.003), daily mean relative humidity (F₁,₃₈₈ = 17.0152, p < 0.0001; Figure 5), and 

number of days since being in the pond (F₁,₃₈₈ = 7.6473, p = 0.0060) were all found to be 

influential. Frogs moved more than 1 m from their last known positions at daily mean relative 

humidity rates of 67% or higher, with no movements at relative humidities under 67%. Froglets 
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also moved more than 1 m from their last known positions more often the more recently they 

were seen in the pond, so as time since being in the pond increased, their movements decreased. 

For longer distance movements of greater than 5 m, daily mean relative humidity (F₁,₃₄₂ = 

15.1873, p = 0.0001), number of days since the froglet was seen in the pond (F₁,₃₄₂ = 7.6993, p = 

0.00058), and day/night (F₁,₃₄₂ = 7.0245, p = 0.0084) were found to be influential. Size (initial 

SUL), temperature, wind speed, and precipitation accumulation were not significant and 

removed from the model. A minimum daily mean relative humidity of 67% threshold also 

applied for 5 m movement distances. While froglets moved 5 m or more both diurnally and 

nocturnally, they tended to favor nocturnal movements for these longer movements.  

Froglets’ dispersal movement rates increased as daily mean relative humidity increased 

(F₁,₅₂₁ = 55.0975, p < 0.0001; Figure 6) and daily precipitation accumulation increased (F₁,₅₂₁ = 

5.3598, p = 0.0210). Additionally, they showed movements between 5℃ and 16 ℃, but the 

highest rates of movement between 9℃ and 14 ℃ (F₁,₅₂₁ = 5.8749, p = 0.0157; Figure 7). 

Dispersing froglets moved both during the day and at night, however their movement rates were 

significantly higher at night (F1, 521 = 48.9482, p < 0.0001; Figure 8). Wind speed was not found 

to significantly affect movement rate. 

Both larger size at dispersal (dispersal SUL) (Χ² = 6.14, p = 0.013) (Figure 9) and higher 

mean dispersal movement rate (m/h) (Χ² = 8.30, p = 0.004) increased the likelihood of a froglet 

surviving dispersal, by reaching a secondary aquatic site. Many of the frogs tracked died during 

their dispersal movements without having made it to a secondary aquatic site. Over the course of 

both field seasons, when excluding transmitter failures and slipped belts, approximately 45% of 

froglets tracked died without having made it to a secondary site. 36% of the froglets tracked 

became pond residents, never having dispersed away, and the remaining 18% successfully 
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dispersed to a secondary aquatic site, all of which were located North of the breeding pond. Ten 

froglets had necropsies performed on them, two froglets died of puncture wounds that might 

have indicated predation attempts, three were severely dessicated at the time of recovery, and the 

rest had no obvious causes of death. 
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Discussion 

Partial Migration 

This study is the first to address how some post-metamorphic froglets interact with 

environmental conditions and landscape features during naive dispersal movements, and we also 

address the question of which froglets forgo dispersal in favor of remaining at the natal site as 

residents. We confirmed a pattern of partial migration for the metamorph life stage at this site 

where frogs with higher mean growth rates tended to become resident at natal ponds whereas 

those with smaller mean growth rates dispersed. Dispersing from the natal pond is not only 

dangerous due to the risk of desiccation, but energetically costly as well (Shoop 1974, Semlitsch 

2008). However, due to density limitations and competition with conspecifics for resources, not 

all frogs remain at the breeding site (Wilbur 1980, Semlitsch 2008). Resident frogs exhibited 

higher mean growth rates (mm/day). Anurans are gape-limited predators, and larger body size as 

a froglet may confer competitive foraging advantages through impacts on gape-size (Szekely et 

al. 2020). Other studies found that larger individuals generally tend to remain residents as 

opposed to dispersing, so having increased growth rates can help frogs reach a larger size faster 

(Grayson et al. 2011). Since adult frogs are cannibalistic, individuals who grow quicker and 

larger than other members of the cohort may attain a body size large enough to avoid 

cannibalism by resident adult frogs, conferring a greater chance of survival in the pond 

environment (Dickerson 1906). Faster growing, larger, frogs may also reach sexual maturity 

quicker than those who grow more slowly (Smith 1987).  

Males are thought to be more likely to remain at the breeding site to maximize their 

breeding opportunities, whereas females often disperse away from the pond in favor of 

secondary sites in order to garner greater resources for provisioning their egg production, and for 
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avoiding harassment by males near the breeding season (Fellers & Kleeman 2007, Bloch & 

Grayson 2010). Larger size at metamorphosis has been implicated in other studies to lead to 

higher juvenile survival rates, earlier reproductive age, and larger adult size (Smith 1987, Berven 

1990, Szekely et al. 2020). In the second field season, two non-dispersing, large-bodied froglets 

remained in a wetland adjacent to the natal pond from late December 2023 until early May of 

2024, moving minimally between surveys, before ultimately returning to the natal pond. The 

timing of their return to the pond coincided with the end of the breeding season, as adult males 

had ceased calling. This avoidance behavior may be an evolutionary strategy employed by 

developing frogs who remain residents of the pond area, but avoid cannibalism by larger adults 

who are present in higher numbers during the breeding period (Fellers & Kleeman 2007).  

Dispersing froglets seek a secondary aquatic residential site or appropriate upland habitat 

where they can forage and grow until reaching maturity, thereby avoiding competition for food 

at the natal site (Semlitsch 2008). However, dispersal across unknown landscapes is fraught with 

danger, especially in the form of desiccation (Shoop 1974). For this reason, R. draytonii froglets 

dispersed during the seasonal rain events, and not earlier (Semlitsch 2008, Allaback 2010). The 

arrival of seasonal rainfall doesn’t only facilitate juvenile movement, it is also the same 

environmental trigger which urges adult non-resident frogs to make their journey back to the 

breeding pond to complete their life cycles, due to seasonal rainfall providing much-needed 

moisture which reduces the risk of desiccation in the terrestrial environment (Bulger et al. 2003, 

Stebbins 2003). Although the juvenile class is thought to be responsible for among-population 

dispersal and the maintenance of metapopulations through gene flow, we did not document any 

movement between the two breeding sites over the course of the study (Berven & Grudzien 

1990, Semlitsch 2008).  
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Orientation of Dispersing Metamorphs 

For dispersing froglets, their ability to orient from the pond edge and respond to 

environmental cues while traversing through their dispersal corridors may be critical to 

minimizing their likelihood of desiccation and maximizing their chance of survival (Pittman et 

al. 2014). While some studies suggest that frogs move randomly from the pond edge (Semlitsch 

2008), other studies on Ranid frogs, including this study, demonstrate the opposite (Vasconcelos 

& Calhoun 2004, Patrick et al. 2007). However, prior to engaging in dispersal movements, R. 

draytonii froglets seemingly engaged in short–distance foray behavior. Forays resulted in the 

froglet returning to the pond and were not considered dispersal movements. Froglets participated 

in an average of 1.6 forays before either permanently dispersing away from the pond or 

eventually returning to the natal pond without dispersing. Forays may serve as a mechanism of 

making temporary exploratory movements to assess the qualities of the terrestrial environment 

surrounding the pond prior to dispersal, and/or for foraging purposes, as R. draytonii largely rely 

on terrestrial prey (Bishop et al. 2014). The distribution of the forays closely resembled those of 

their dispersal movements (Figure 4), which indicates that frogs may have been assessing cues 

they intended to use to disperse prior to ultimately dispersing. 

 Direct cues such as olfactory cues or visual cues (e.g. landscape features) may serve to 

aid in orientation for dispersal (Rothermel & Semlitsch 2002). The result of the Rayleigh’s test 

on the distribution of initial dispersal orientations identified the Northern direction as favorable 

to the majority of froglets in the study. Two distinct habitat types are found adjacent to the natal 

pond: canopy and forested area to the North, and open grassland to the South. Some froglets 

dispersed Southwest, but there were very few, and none that continued dispersal in that direction 

survived until the end of the study. Canopied edge found proximal to the Northern edge of the 
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pond had a mean distance from pond edge to canopy of around 12 m and may have served as a 

landscape feature acting as a visual cue. Canopy is known to reduce solar radiance and higher 

levels of relative humidity are generally found below the canopy, both of which can reduce 

desiccation threats and serve as favorable dispersal corridors (Spranger et al. 2024). Canopied 

areas also provide a greater diversity of microhabitats for frogs to occupy between dispersal 

movements (Rothermel & Semlistch 2002, Puay et al. 2018). It appears that in this population, 

forest canopied areas may be the preferred migratory pathway for dispersing R. draytonii 

froglets. Whether or not visual cues such as canopied forest are driving orientation preferences 

by dispersing froglets requires further investigation.  

Indirect cues (celestial, magnetic etc.), not measured in this study, may be influencing the 

initial orientation and movement patterns of froglets. The heritability dispersal direction has been 

investigated in other species and suggests that the ability to follow environmental cues may be 

genetically passed onto offspring by adults as a mechanism of species survival and persistence 

(Miaud et al. 2005). In this population, the majority of breeding adult frogs are not residents, and 

live part of the year at secondary aquatic sites spatially distributed across the landscape, mostly 

North of the breeding pond (Figure 1). Most adults annually return to the breeding pond, 

ostensibly passing on their genetic predisposition for detecting indirect cues related to orientation 

by their offspring. Individuals who travel South into the grassland environment may not survive 

to pass on their alleles and perpetuate their preferred dispersal direction.  

 

Body Size Impacts On Movements And Survivorship 

Among dispersers, those that survived were generally of larger body size and exhibited 

higher mean movement rates compared to non-surviving dispersers. Larger body sizes are known 
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to reduce the rate of evaporative loss, compared to smaller body size due to differences in 

surface area to volume ratio, allowing larger frogs longer periods of time outside of moist and/or 

humid environments, or better able to resist periods of dry conditions (Bulger et al. 2003, Fellers 

& Kleeman 2007, Sheridan et al. 2022). In addition to the advantages that larger body size brings 

to surviving under desiccation stress, larger body size is correlated with larger gape. Larger frogs 

can therefore consume larger prey, and can grow more quickly as a result, since they efficiently 

convert prey biomass into body biomass (Grayson et al. 2005). Larger frogs also have the 

capacity for greater movement rates due to their larger body sizes which may allow larger frogs 

to have a greater chance at reaching secondary aquatic sites, and surviving their first-year 

migration (Bredeweg et al. 2019, Murphy and Boone 2022).  

 

Impacts of Environmental Moisture 

With the arrival of moist seasonal conditions from precipitation, an otherwise dry 

environment is transformed into a more favorable landscape for frog movement, by reducing the 

risk of desiccation in the terrestrial landscape (Allaback 2010, Todd et al. 2011). Thus, in 

response to moisture-related conditions, such as higher relative humidity and precipitation, 

froglets moved greater distances between surveys, resulting in higher movement rates. 

Additionally, moist conditions also impacted whether frogs moved at least 1 m and 5 m from 

their last known positions, with a general requirement of a mean daily RH of approximately 67% 

for movement. Due to their highly permeable cuticle, frogs can absorb water easily through the 

skin, but lose water evaporatively under drier conditions (Sprenger et al. 2024). Burrow et al. 

2023 suggested that even relatively modest changes in rainfall and humidity could have drastic 

impacts on metamorph survival which can be compounded for froglets by the differences in 
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surface area to volume ratio between juveniles and adults (Bulger et al. 2003, Fellers & Kleeman 

2007).  

 

Migration Movements Over Time 

Metamorph frogs were also more likely to move earlier in their individual migration 

journeys with movement rates decreasing as more time passed since they left the pond. As 

individuals disperse, and encounter moist microhabitats such as leaf litter, canopied forest, or 

other refugia, their movements may decrease or cease altogether, as they encounter appropriate 

microhabitats to occupy (Roznik & Johnson 2009). Additionally, the timing of moist conditions 

can vary significantly, with long periods of dry weather between sporadic seasonal rainfall, 

meaning that frogs who disperse early on may encounter an appropriate microhabitat to 

temporarily settle in, only to find that the conditions which enable movement do not return for 

long periods, discouraging continued dispersal (Burrow et al. 2023). Furthermore, the energetic 

influences of size at metamorphosis and dispersal can influence the movement patterns of 

dispersing individuals, with the compounding effects of desiccation avoidance, thermoregulation, 

and predator avoidance depleting the energy stores of dispersing froglets who have finite energy 

reserves at the time of leaving the pond, leading to a decrease in movement and activity 

(Bredeweg et al. 2019).  

 

Temperature Effects on Movement 

Froglets moved between 5 ℃ and 16 ℃, and there was a slightly higher probability of 

movement when it was warmer. As ectotherms, frogs may attempt to balance higher 

temperatures for functional performance, including jumping performance, and lower 
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temperatures for reduction in desiccation effects (Kohler et al. 2011). In red-legged frog 

metamorphs, which show a lower high end temperature for movement than some other frog 

species (Renauld & Stevens 1983, Crespo-Martinez et al. 2025), it appears that desiccation may 

be the key driving factor for movement activities within the range of functional temperatures and 

that, despite the statistical significance of the temperature variable being identified, it is likely 

that the biological significance of any exact temperature between the 5 ℃ and 16 ℃ on 

movement is minor given the R2 of 0.003.  

 

Movement Timing 

Unlike adult frogs who tend to exclusively engage in nocturnal terrestrial activities 

(Hayes & Tenant 1985), froglets make both diurnal and nocturnal terrestrial movements, 

although they were more likely to complete longer distance (>5 m) movements after dark and 

demonstrated higher movement rates during the night period. The lack of time preference for 

shorter distance movements (<5 m) in froglets may be associated with exploratory behavior and 

foraging activities in alignment with their terrestrial orientation and dispersal strategies 

(Rothermel & Semlitsch 2002, Joly 2019, Burrow et al., 2023). Short-distance movements may 

also occur during the day to adjust microhabitat cover as this can have important effects on 

desiccation avoidance (Kohler et al., 2011). Nocturnal movements are thought to be beneficial 

for longer movements as they would reduce the effect of solar radiance on dispersing froglets, 

and generally have higher rates of relative humidity, which further provide conditions more 

favorable for froglet movement (Todd & Winne 2006).  
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Ecological Importance of Froglet Survivorship 

 Because the juvenile life stage is thought to be a critical life stage in colonizing habitats 

where extirpation has occurred, recruiting into neighboring populations, maintaining the local 

adult population, and playing an essential role in gene flow through among-population 

movement, their survivorship is essential to species persistence on the landscape (Semlitsch 

2008). Additionally, the juvenile life stage faces higher selection pressures compared to the adult 

life stage, and successes in their survival into adulthood can support future generations through 

passing down of genetic predisposition for survival strategies such as direction of travel, habitat 

selection, and/or dispersal strategy (Pianka 1970, Miaud et al. 2003). In an era of anthropogenic 

disturbances, habitat fragmentation, and changes in moisture-based weather patterns due to 

climate change, creating a better understanding of their population dynamics, movement 

strategies, and general survivorship in the juvenile life stage are critical in supporting the 

vulnerable populations of R. draytonii and other species of amphibian which persist, even in the 

face of decline (Landler 2022). Further studies are needed to explore the survivorship rates of 

dispersers and residents in their first and second juvenile years prior to reaching adulthood. 
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Conclusions 

We observed two movement strategies in red-legged froglets associated with partial 

migration strategy for the species, to remain resident at the breeding site, or disperse in hopes of 

reaching a secondary aquatic site. Higher mean daily growth rates appeared to be a key factor in 

avoiding the rigors of dispersal in favor of remaining residents of the pond and facing the 

associated competitive environment. For those froglets that dispersed, they were more likely to 

survive dispersal (reach a secondary aquatic site) if they were larger-bodied at dispersal, and/or 

exhibited a higher mean movement rate. These results reflect established concepts in 

evolutionary biology that partial migration behavior is a response to sex and state variables of 

mean growth rate and dispersal size. Those who cannot compete adequately venture away from 

the site to access necessary resources for survival, and to maximize their fitness (Grayson et al. 

2011, Winger et al., 2019). Frogs who dispersed largely engaged in orientation and moved in a 

Northward direction, seemingly towards canopy, however, investigations into the role of both 

direct and indirect cues on the orientation abilities of recently-metamorphosed Rana draytonii 

are needed to more confidently identify what factors influence their dispersal direction 

preferences. Froglet movement followed common patterns in amphibian migration being largely 

tied to desiccation avoidance behaviors with larger frogs moving at higher rates and generating 

higher rates of survival. This study highlights the differences in dispersal strategies undertaken 

by emerging froglets, which have implications for the spatial population structure of the species, 

as well as the importance of moisture-related weather patterns, and protective habitat types (such 

as canopy and secondary aquatic sites) in this critical life stage of R. draytonii. By better 

understanding the dispersal habits, movement patterns, and survival strategies of this vulnerable 

species of anuran during this key life stage, that potentially impacts both persistence of this 
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breeding population and dispersal among populations, we can potentially take actions to impact 

their survival in a time when anthropogenic and climatological changes threaten the persistence 

of this species.  
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Figures 

 

 

Figure 1. Map of Mitsui Ranch Preserve. A map of the Mitsui Ranch Preserve featuring the 

two breeding stock ponds (Bonnie’s and Leaky Lake), as well as perennial aquatic residence 

sites (Copeland Creek, Poplar Spring, and Turtle Pond), and the Mitsui Ranch field station. 
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Figure 2. Transmitter attachment method. An image depicting the novel transmitter 

attachment method for each froglet. A custom length of surgical tubing was cut to fit each 

froglet, looped through the transmitter’s hole, the two ends of tubing were stitched together using 

cotton thread, and tied off with a square knot.  
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Figure 3. . Dispersal strategy as a response to mean growth rate. Graph demonstrating the 

differences in mean growth rate by dispersal strategy, identifying pond residents as having some 

of the highest daily mean growth rates (Χ² = 10.55, p = 0.012). 
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Figure 4. Froglet foray and dispersal orientation rosettes. Rosette diagrams demonstrating 

the arrangement of foray and dispersal patterns of froglets leaving the breeding pond, relative to 

North (0°). The blue arrows indicate the mean travel direction, and the length of the arms 

indicate more individuals moving in those directions. 
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Figure 5. Distance moved (>1 m) as a response to daily mean relative humidity. Graph 

demonstrating the range of relative humidity (%) relative to whether or not a froglet moved at 

least 1 m from last known position (F₁,₃₈₈ = 17.0152, p < 0.0001). 
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Figure 6. Movement rate as a response to daily mean relative humidity. Graph depicting 

froglets’ increase in dispersal movement rate (m/h) as daily mean relative humidity (%) increases 

(F₁,₅₂₁ = 55.0975, p < 0.0001).  
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Figure 7. Movement rate as a response to daily mean temperature. Graph demonstrating 

generalized linear mixed model results investigating dispersing froglet movement rates (m/h) as 

a response to daily mean temperature (℃) (F₁,₅₂₁ = 5.8749, p = 0.0157).  
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Figure 8. Movement rate as a response to time of day. Results of generalized linear mixed 

model demonstrating variation in nocturnal and diurnal movement rates (F1, 521 = 48.9482, p < 

0.0001).  
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Figure 9. Survivorship as a response to dispersal size (SUL). Results of Nominal Logistic 

regression analysis demonstrating that froglets with higher dispersal size (SUL) were more likely 

to survive their dispersal movements by reaching a secondary aquatic residence site (Χ² = 6.14, p 

= 0.013).  
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