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Comparing the Effects of Environmental Enrichment, Seasonality, and Soft Release on Site 
Retention and Survivorship of Captive-reared Eastern Hellbenders (Cryptobranchus 

alleganiensis alleganiensis) 
1 2 3NICHOLAS G. BURGMEIER , EMILY B. MCCALLEN , ERIN K. K ENISON , AND ROD N. WILLIAMS 

Purdue University, Department of Forestry and Natural Resources, 715 West State Street, West Lafayette, IN 47907, USA 

ABSTRACT: Translocations of captive-reared animals are commonly used to stabilize declining wildlife populations. However, captive-reared 
animals are often raised in conditions dissimilar to their release sites and lacking natural characteristics, which could alter movement patterns and 
postrelease survivorship. These patterns can be further altered by season of release and soft-release conditions. We reared juvenile Eastern 
Hellbenders (Cryptobranchus alleganiensis alleganiensis) for 18 mo in captivity in one of two conditions: a control condition with low-velocity 
water flow (unconditioned) or a treatment condition with moving water (conditioned) that simulated natural flow velocities at their intended 
release site. We divided 4-yr-old Hellbenders (n ¼ 118) into six treatment groups to determine the effects of release season (fall or summer), 
release type (standard soft release or enhanced soft release), and conditioning (unconditioned or conditioned) on the number of days until first 
movement, release site retention, and survival. In November 2017, we released 80 radio-tagged individuals (40 conditioned and 40 unconditioned) 
into soft-release structures in the Blue River, Indiana. In July 2018, we released another 38 radio-tagged individuals (18 conditioned and 20 
unconditioned) into soft-release structures at the same site. After release, we tracked each individual one to three times weekly for 10 mo (fall 
release) or 12 mo (summer release). We found that treatment groups released into caged cobble beds (i.e., enhanced soft release) delayed their 
first movement and had higher release site retention relative to groups released under caged shelter rocks (i.e., standard soft release). We found 
that conditioning had a positive effect on survival but only in the treatment group released in the summer. By combining techniques and releasing 
conditioned individuals in the summer using enhanced soft releases, we increased annual survival of captive-reared Hellbenders from a 
probability of 0.50 (95% confidence interval [CI] ¼ 0.31–0.79) to 0.74 (95% CI ¼ 0.55–0.99). Our results provide important information about 
techniques that can be adopted across captive-rearing programs to help maximize the conservation success of Eastern Hellbenders. 

Key words: Amphibian declines; Augmentation; Caudata; Conditioning; Prerelease training; Radiotelemetry; Reintroduction; Salamanders; 
Translocation 

TRANSLOCATIONS are frequently used conservation strate-
gies for restoring declining and extirpated wildlife popula-
tions (Brichieri-Colombi and Moehrenschlager 2016; 
Jachowski et al. 2016). These techniques have been used 
to restore wildlife populations across a wide range of taxa 
(Fischer and Lindenmayer 2000; Reading et al. 2013; Soorae 
2018). However, despite some successes, these methods are 
frequently met with mixed results and failure (Griffth et al. 
1989; Dodd and Seigel 1991, 2002; Fischer and Linden-
mayer 2000; Miller et al. 2014). A common cause of failure 
for these projects is low postrelease survival of captive-
reared individuals (i.e., head-started individuals; Mathews et 
al. 2005; Blythe et al. 2015). Moreover, poor site retention 
and a lack of relevant studies from which to draw guidance 
can signifcantly decrease the probability of success (Ger-
mano and Bishop 2009; Roe et al. 2010; Knox and Monks 
2014). To remedy this, some biologists have suggested 
implementing environmental conditioning, seasonality, and 

1 CORRESPONDENCE: e-mail, nburgmei@purdue.edu 
2 PRESENT ADDRESS: Indiana Department of Natural Resources, 

Division of Fish and Wildlife, 5596 East State Route 46, Bloomington, 
IN 47403, USA 

3 PRESENT ADDRESS: United States Fish and Wildlife Service, 1387 
South Vinnell Way, Suite 365, Boise, ID 83709, USA 

soft-release techniques to improve postrelease survivorship 
(Reading et al. 2013; Blythe et al. 2015; Tetzlaff et al. 2019a) 

Captive-rearing facilities have traditionally focused on 
rearing animals in sanitary, low-stress conditions bearing 
little resemblance to the species’ natural environment. These 
head-started animals are physically healthy but often do not 
exhibit the morphological and behavioral traits necessary for 
survival in the wild (Snyder et al. 1996; Stoinski et al. 2003; 

Kelly et al. 2005; Blythe et al. 2015). One strategy to 
overcome these limitations is environmental conditioning 
(Mathews et al. 2005; Tetzlaff et al. 2019a,b). Captive-reared 

(head-started) individuals are exposed to common environ-
mental factors, such as naturalistic habitat, predators, 

microbiota, and appropriate food items, with the goal of 
preparing them for the conditions they will experience 
postrelease (Kenison and Williams 2018a; Hernandez-

Gomez et al. 2019; Tetzlaff et al. 2019a; Kenison et al. 
2020). These techniques have altered morphology and 

behavior in a laboratory setting (Kenison and Williams 
2018a,b) and have translated to increased survivorship in 
some species in the wild (Biggins et al. 1998; Tetzlaff et al. 
2019a). Black-footed Ferrets (Mustela nigripes) raised in 
large experimental pens designed to emulate their natural 
environment had 2.7 times higher survivorship than those 
raised in traditional cages (Biggins et al. 1998). Postrelease 
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recovery rates for Chinook Salmon (Oncorhynchus tshawyt-
scha) reared in environmentally enriched, seminatural 
raceways were higher (48% vs. 38%) than those of salmon 
reared in traditional raceways (Maynard et al. 1996). 

High-volume postrelease dispersal of individuals away 
from release sites is also cited as a frequent cause of failure 
for translocation programs (Le Gouar et al. 2012; Tetzlaff et 
al. 2019a; Berger-Tal et al. 2020). Frequent and/or long-
distance movements can increase energy expenditure and 
exposure to predators, resulting in reduced survivorship 
(Matthews 2003; Hester et al. 2008; Blythe et al. 2015). For 
example, translocated, hard-released (i.e., released directly 
into the wild with no acclimation period) Eastern Box 
Turtles (Terrapene carolina carolina) were reported to move 
farther and experience signifcantly higher mortality than 
resident turtles (Hester et al. 2008). 

To help reduce postrelease dispersal and increase site 
fdelity, some translocation programs have adopted soft-
release techniques (i.e., a gradual, stepwise release to the 
wild) designed to give individuals an opportunity to lower 
their stress response and acclimate to local conditions 
(Bright and Morris 1994; Blythe et al. 2015). A study on 
hatchery-reared Brown Trout (Salmo trutta) reported higher 
postrelease recovery in the stocking area at one site for fsh 
given a 24-hr in-site acclimation period than for those with 
no acclimation period (Cresswell and Williams 1983). 
However, the release occurred during very low fow 
conditions, and no difference was observed between 
acclimated and unacclimated fsh at a second site with 
higher fow conditions (Cresswell and Williams 1983). 

Eastern Hellbenders (Cryptobranchus alleganiensis alle-
ganiensis) are large, fully aquatic salamanders that inhabit 
rocky, swift-fowing rivers and streams and spend most of 
their time under cobble and large boulders (Smith 1907; 
Hillis and Bellis 1971). They have experienced precipitous 
population declines and are protected by state regulations in 
most states throughout their range (Mayasich et al. 2003; 
Wheeler et al. 2003; Burgmeier et al. 2011b). Many 
conservation organizations have worked with state agencies 
to implement head-starting and release programs to 
reestablish or stabilize extirpated and declining populations 
(IDNR 2017). The success of released captive-reared 
Hellbenders is variable and is likely related to size of 
individuals at release, the habitat quality of release sites, and 
stochastic events. Annual survival estimates of captive-reared 
Hellbenders large enough to track via radiotelemetry range 
from 17% to 75% (Bodinof et al. 2012g; Boerner 2014; Kraus 
et al. 2017). It is important to maximize the survival of 
released animals to ensure the establishment of viable 
populations. 

For Hellbenders, long-distance upstream and down-
stream movements have been recorded following release 
(Bodinof et al. 2012a; McCallen et al. 2018), which can be 
problematic because high-quality habitat for Hellbenders is 
often separated by long stretches of low-quality habitat. Soft 
releases are becoming more common for releases of 
Hellbenders and are hypothesized to reduce initial dispersal 
and increase survival rates in translocated individuals (Kraus 
et al. 2017). Combining soft releases with habitat enhance-
ment is especially promising for Hellbenders, because 
artifcial nest rocks are used when habitat is limited 
(Jachowski et al. 2020) and are used more often by 

translocated individuals (McCallen et al. 2018). Boerner 
(2014) found no differences in movement or survival 
between captive-reared cohorts of Eastern Hellbenders 
released under rocks (i.e., hard release), released under 
rocks with cages (i.e., standard soft release), and released 
into nest boxes (i.e., enhanced soft release); however, both 
sample sizes and overall survival rates were low in their 
study. Furthermore, nest boxes may not represent optimal 
habitat for captive-reared juvenile Hellbenders, who use 
artifcial shelters at lower rates than translocated adults 
(McCallen et al. 2018). Because juvenile Hellbenders prefer 
smaller shelter rocks (McCallen et al. 2018; Hecht et al. 
2019) and coarse substrates (Bodinof et al. 2012c; Hecht et 
al. 2019; Unger et al. 2020b), enhanced soft releases into 
cobble beds into which they can burrow between the rocks 
may prove more effective at infuencing movement and 
survival in captive-reared cohorts. A signifcant time and 
fnancial investment is made for each released individual 
(Berger-Tal et al. 2020), and combining multiple conserva-
tion strategies might work synergistically to improve survival 
among released animals.

Furthermore, the seasonality of releases is also an 
important consideration for translocation of Eastern Hell-
benders. Seasonal variations in both abiotic and biotic factors 
can affect the probability of translocation success. For 
example, weather-related threats such as foods, fres, and 
drought vary seasonally and can cause mass mortality in 
translocated cohorts (Jachowski et al. 2016). In lotic systems, 
seasonal increases in precipitation often increases water 
velocity and fooding, which may cause displacement and 
mortality in Eastern Hellbenders (Humphries 2005; Nick-
erson et al. 2007; Unger et al. 2021). The risk of seasonal 
fooding events may be further complicated by seasonal 
activity patterns. Eastern Hellbenders have an active season 
starting in late spring, peaking during a late summer 
breeding season, and ending in late fall when Eastern 
Hellbenders become mostly dormant before and throughout 
winter (Blais 1989; Humphries and Pauley 2000; Humphries 
2007; Burgmeier 2011a). Seasonal differences in animal 
behavior, such as those between fall breeding and winter 
dormancy, may drive seasonal differences in translocation 
success, as released individuals instinctively explore their 
environments or enter dormancy. Additional biotic factors 
may vary seasonally and affect translocation success in 
Eastern Hellbenders, including risk of chytrid fungal 
infection (Sonn et al. 2019), conspecifc aggression (Unger 
et al. 2020a), and predator foraging behavior (Serfass et al. 
1990). However, little research has been published directly 
comparing the success of translocations of Hellbenders 
between seasons. Bodinof et al. (2012b) reported that 
juvenile Ozark Hellbenders (C. a. bishopi) released in 
spring, summer, and fall showed no signifcant differences in 
survivorship between seasons; however, their study was not 
specifcally designed to assess the timing of releases. 

Our study builds upon the work of Kenison and Williams 
(2018a), who found that rearing Eastern Hellbenders with 
moving water that mimicked a riverine environment altered 
tail morphology and improved swim performance (Kenison 
and Williams 2018a). We sought to determine whether these 
captive-rearing conditions, as well as release season and soft-
release type, affect postrelease survivorship of Eastern 
Hellbenders. We used a factorial design to determine the 
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227 BURGMEIER ET AL.—SURVIVORSHIP OF CAPTIVE-REARED HELLBENDER RELEASE 

TABLE 1.—Summary of the characteristics of six treatment groups of captive-reared Eastern Hellbenders (Cryptobranchus alleganiensis alleganiensis) 
released in the Blue River, Indiana, in 2017 and 2018. Treatment groups are based on release season (fall or summer), release type (standard soft release or 
enhanced soft release), and conditioning status (unconditioned or conditioned). 

Treatment group Comparison dates Sample size Known mortalities Mean mass (g) 6 SE 

Fall, standard soft release, unconditioned 1 Nov 2017–1 Sept 2018 20 7 150.0 6 4.9 
Fall, standard soft release, conditioned 1 Nov 2017–1 Sept 2018 20 11 145.3 6 5.3 
Fall, enhanced soft release, unconditioned 1 Nov 2017–1 Sept 2018 20 6 143.4 6 5.1 
Fall, enhanced soft release, conditioned 1 Nov 2017–1 Sept 2018 20 10 136.1 6 6.1 
Summer, enhanced soft release, unconditioned 27 July 2018–27 May 2019 20 9 119.3 6 2.9 
Summer, enhanced soft release, conditioned 27 July 2018–27 May 2019 18 2 111.5 6 2.2 

effect of release season (fall or summer), release type 
(standard soft release or enhanced soft release), and 
conditioning (unconditioned or conditioned) on time until 
frst movement, site fdelity, and survival. We predicted that 
time until frst movement and site fdelity would be affected 
by release type, with enhanced cobble-bed soft releases 
leading to longer time until frst movement and higher site 
fdelity. For survival, we predicted that release season and 
conditioning would both have an effect and individuals 
released in summer and reared in high-fow conditions 
would have the highest probability of postrelease survival. 

MATERIALS AND METHODS 

Study Area and Site Selection 
The Blue River is the only river in Indiana, USA, with an 

extant population of Eastern Hellbenders. It originates in 
Washington County, Indiana, and fows south through 
Harrison and Crawford counties until its confuence with 
the Ohio River in Crawford County. We used a single study 
site approximately 500 m long that consists of a complex of 
alternating riffe, run, and pool habitats. The site has 
abundant cobble and gravel substrate with large, fat 
limestone boulders and bedrock crevices for shelter and a 
high level of hyporheic fow (Hillis and Bellis 1971; 
Burgmeier et al. 2011a). This site was used in a previous 
study as a trial release site for captive-reared Eastern 
Hellbenders (Kraus et al. 2017) and was chosen primarily 
because of its existing population of Eastern Hellbenders, 
large amount of contiguous high-quality habitat (approxi-
mately 500 m) compared to other potential study sites, and 
relative remoteness. 

Captive Care and Environmental Enrichment 
All Eastern Hellbenders in this study were from the same 

egg clutch collected from the Blue River in Fall 2013. All 
Eastern Hellbenders were unsexed and raised at Purdue 
University’s Aquaculture Research Laboratory (ARL) in 
West Lafayette, Indiana. All individuals were reared in 132-
L aquarium tanks for 2 yr and were then moved to 504-L 
polyethylene raceways (Pentair Filtration sump Mod-
elS207095, Pentair Aquatic Ecosystems). As part of a 
separate laboratory study including these Eastern Hellben-
ders, 60 treatment individuals (referred to as conditioned) 
were raised in conditions with 0.2–0.3 m/s fow velocity, 
measured at the thalweg at midstream depth, similar to 
natural streamfow conditions. The 60 control individuals 
(referred to as unconditioned) were raised with a fow no 
greater than 0.05 m/s. For a detailed description of captive-
rearing conditions and environmental enrichment, see 
Kenison and Williams (2018a). 

Treatment Groups 
Animals were released in either Fall 2017 or Summer 

2018, making them 4-yr-old juveniles at the time of release. 
Four of the treatment groups were released in Fall 2017 and 
included unconditioned (n ¼ 20) and conditioned (n ¼ 20) 
individuals released using standard soft-release techniques 
and unconditioned (n ¼ 20) and conditioned (n ¼ 20) 
individuals released using enhanced soft-release techniques. 
Two of the treatment groups were released in Summer 2018 
and included unconditioned (n ¼ 20) and conditioned (n ¼ 
18) individuals released using enhanced soft-release tech-
niques. There was substantial size variation between 
individuals in the cohort, and larger Eastern Hellbenders 
were preferentially chosen for Fall 2017 releases to ensure 
implanted transmitters were 5% of their total mass. 
Because of this preferential selection, the mean mass of 
individuals released in Summer 2018 was smaller than the 
fall cohorts though there was overlap among groups (Table 
1). 

Surgery 
All individuals underwent surgical implantation of radio 

transmitters prior to release. We conducted surgeries on 80 
Eastern Hellbenders on 2 October 2017 and 3 October 2017 
and 39 Eastern Hellbenders on 11 June 2018 at ARL. One 
individual from the 2018 group experienced complications 
related to surgery and was not released as part of the study. 
All surgeries were conducted by licensed veterinarians or by 
an individual trained by Purdue University’s Laboratory 
Animal Program veterinarians. All 2017 Eastern Hellbenders 
were implanted with a 5.2-g SB-2 model transmitter with a 
wrapped whip antenna (Holohil Systems, Ltd.), and all 2018 
Eastern Hellbenders were implanted with a 4.0-g Model 
F1170 transmitter with an internal coil antenna (Advanced 
Telemetry Systems, Inc.). All Eastern Hellbenders were 
implanted with a 134.2-kHz International Standards Orga-
nization passive integrated transponder tag (12.5 mm long; 
Biomark, Inc.). 

All 2017 surgeries followed the surgical methods 
described in Stouffer et al. (1983). All 2017 individuals 
were held for 3 d postsurgery in temporary recovery tanks 
before being moved back to their assigned raceways until 
release. We modifed our protocol for 2018 surgeries by 
adopting a paramedial incision (rather than transverse) and 
increasing postsurgical recovery time from 3 to 30 d. This 
increased recovery time was required to accommodate 
several individuals that needed additional sutures after 
they experienced postsurgical dehiscence shortly after 
surgery. 
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228 Herpetologica 78(4), 2022 

FIG. 1.—Release design (not to scale) of different soft-release types installed throughout a 200-m section of the Blue River, Indiana, for Eastern 
Hellbenders (Cryptobranchus alleganiensis alleganiensis) released in Fall 2017 and Summer 2018. Each cobble bed received 20 individuals (n ¼ 20) and 
each standard release cage received 5 individuals (n ¼ 5). 

Soft-release Structures 
Two types of soft-release structures were used for this 

project: standalone mesh cages with shelter rocks (i.e., 
standard soft release) and permanent cobble beds with 
removable mesh cages (i.e., enhanced soft release). Cobble 
beds were 163 cm long by 76 cm wide by 23 cm tall. They 
were comprised of a 9-gauge woven wire cattle fence frame 
surrounded by 14-gauge, 2-in by 1-in (5.1 3 2.5-cm) steel 
fencing. These were placed on the stream bottom in the 
release site approximately 1 mo prior to release and flled 
with 6-in (15-cm) limestone riprap, though the actual size of 
included stones typically ranged from approximately 10–26 
cm. Two cobble beds were placed at the upstream and 
downstream end of the release site (hereafter cobble Bed A 
and cobble Bed B, respectively). 

The removable mesh cages for placement over cobble 
beds were 213 cm long by 91 cm wide by 30 cm high. They 
were comprised of a 1-in polyvinyl chloride pipe frame 
surrounded on fve sides by ¼-in (0.64-cm) square seine 
netting zip-tied to the frame. An approximately 20-cm skirt 
of extra mesh fabric extended around the entire bottom of 
the cage. A large zipper was installed in the top center of the 
cage and two smaller zippers were installed on top at each 
end to allow for access to different parts of the cage. These 
cages were placed over the cobble beds on the day of release 
and secured with additional riprap on the skirt. 

The standard soft-release cages were constructed in the 
same manner as the removable mesh cages but were 122 cm 
long by 122 cm wide by 46 cm tall. A single large zipper was 
placed in the top of each cage. On the day of the release, 
three approximately 51-cm-diameter fat slab rocks were 
positioned on the river bottom and a standard release cage 
was placed over top. The cages were secured with additional 
riprap on the skirt. 

Field Methods 
We released 80 Eastern Hellbenders between 1 Novem-

ber 2017 and 2 November 2017. We released 20 conditioned 
and 20 unconditioned individuals each day into either cobble 
beds or standard release cages installed throughout a 200-m 
section of our release site (Fig. 1). We released 10 
conditioned and 10 unconditioned individuals into each of 
two large, permanent cobble beds surrounded by a 

temporary mesh cage, approximately 140 m apart. We 
released the remaining 20 conditioned and 20 unconditioned 
individuals into four pairs of standard release cages (eight 
total cages). Each cage per pair received fve unconditioned 
Eastern Hellbenders or fve conditioned Eastern Hellben-
ders (Fig. 1). Standard release cages received only fve 
Eastern Hellbenders each because of the much lower 
volume of habitat within each cage compared with the 
cobble beds. 

The temporary mesh cages and the standard release cages 
were scheduled to be removed on 6 November 2017. 
However, fooding on 6 November 2017 prevented us from 
accessing the cages. We removed the temporary mesh cages 
from the cobble beds and also three standard release cages 
on 14 November 2017. The fve remaining standard soft-
release cages had been dislodged and displaced downstream 
during the fooding. All Eastern Hellbenders received at 
least four full days of soft release. 

We released 38 Eastern Hellbenders, 18 conditioned and 
20 unconditioned, on 27 July 2018. We released 9 
conditioned and 10 unconditioned Eastern Hellbenders into 
each of two large, permanent cobble beds (approximately 
140 m apart) surrounded by a temporary mesh cage. The 
temporary mesh cages were removed on 31 July 2018. 

We radio-tracked all Eastern Hellbenders one to three 
times weekly, weather permitting, from November 2017 
through September 2018 (2017 fall release) and July 2018 
through August 2019 (2018 summer release). We used a 
three-element Yagi antenna with a TRX-2000WR telemetry 
receiver (Wildlife Materials, Inc.). When we located 
individuals, we manually recorded whether an individual 
had moved from its previous location and marked a 
Universal Transverse Mercator (Zone 16N) coordinate, with 
at least 4 m accuracy, using a Garmin GPSMap 64st global 
positioning system unit (Garmin Ltd.). Survival of individuals 
was verifed intermittently throughout the study but only for 
individuals that could be extracted from under shelter rocks 
without lifting the rock so as not to alter the habitat and 
increase the probability of shelter or site abandonment. 

Statistical Analysis 
We examined three dependent variables to determine 

whether there were differences between treatment groups 
(Table 2): days until frst movement, site retention, and 
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229 BURGMEIER ET AL.—SURVIVORSHIP OF CAPTIVE-REARED HELLBENDER RELEASE 

TABLE 2.—Nested model structure and results of likelihood ratio signifcance tests for three models describing movement and survival of captive-reared 
Eastern Hellbenders (Cryptobranchus alleganiensis alleganiensis) released in the Blue River, Indiana, in 2017 and 2018. We report degrees of freedom (df), 
likelihood ratio (LR), and signifcance level (P). Independent variables were only retained for the fnal model if their addition improved model ft (a ¼ 0.05). 

Dependent variable 

Days until frst movement Site retention Survival 

Model structure df LR P df LR P df LR P 

Intercept only 
Treatment 
Treatment þ mass 
Treatment þ mass þ days until first movement 

116 
111 
110 

79.88 
0.16 

,0.01 
0.69 

116 
111 
110 
109 

10.68 
,0.01 

0.02 

0.05 
0.98 
0.89 

116 
111 
110 
109 

14.19 
0.93 
0.03 

0.01 
0.33 
0.86 

survival. We defned days until frst movement as the 
number of days from the release of Eastern Hellbenders 
into soft-release cages until the last day an individual was 
found in the soft-release cage before being subsequently 
found in a new location away from the cage. We used the 
date of release rather than the date the cages were removed 
because we could not be sure when the high-water event 
dislodged the temporary standard soft-release cages, and 
because some individuals escaped the mesh cages in all 
treatment groups. Site retention was defned as the last 
known location of an individual, either inside or outside of 
the approximately 500-m release site, during a 10-mo (304-d) 
tracking period. Although the earliest signal loss for Eastern 
Hellbenders in both releases was 264 d, most transmitters 
were active past 264 d. We chose 304 d (10 mo) as a 
comparison period because most of the known deaths 
occurred in a 17-d window between 7 May and 24 May 
(71% of the fall cohort deaths and 55% of the spring cohort 
deaths), and we wanted to ensure that this high-risk time was 
included in the analysis for both groups. Only three known 
deaths occurred past the 304-d comparison period.

We conducted all analyses in R (v3.6.2; R Core Team 
2019). We developed generalized linear models to test for 
treatment group differences for days until frst movement 
and site retention. We used a negative binomial generalized 
linear model to model the number of days until frst 
movement, because the full Poisson model demonstrated 
considerable overdispersion (c-hat ¼ 31.6). We used logistic 
regression to model site retention. If individuals were in the 
release site on the last day they were observed or right-
censored at 304 d, they were coded as a 1. We used a Cox 
proportional-hazards model to test for differences in survival 
time (Cox 1972). Individuals were coded as mortalities on 
the frst day they were found dead. Eastern Hellbenders 
were right-censored retroactively on the last day their signal 
was detected if they were never detected again or at 304 d if 
they were still present in the study area. Individuals were 
assumed alive if they were located under suitable instream 
shelter, had recently moved, or had recently been visually 
verifed as alive. We used the coxph function (Therneau and 
Lumely 2014) to ft the survival models and the survft 
function (Therneau and Lumely 2014) to obtain Kaplain– 
Meier estimates of 10-mo survivorship in treatment groups. 
Because we were able to track the Summer 2018 release for 
an extended period of time, we also obtained Kaplan–Meier 
survival estimates for the two summer treatment groups at 
365 d. 

To ft fnal models, we developed a series of nested 
candidate models based on our predictions of independent 
variable importance, performed likelihood-ratio tests with a 

¼ 0.05, and ftted a fnal best model to each dependent 
variable (Table 2). Because of the high variation in animal 
mass at release, our most saturated model for all dependent 
variables included treatment group and mass at release. In 
addition, for site retention and survival, the most saturated 
models also included days until frst movement in case initial 
movement patterns affected site retention or survival rates. 
The saturated models were compared to models with just 
treatment groups as covariates, which were compared to 
intercept-only null models. We retained the independent 
variables in the fnal model only if their addition improved 
model ft. The independent variables mass and days until 
frst movement were centered and scaled prior to entry in 
the model. Treatment groups were coded as dummy 
variables with the fall, standard soft release, unconditioned 
group acting as the baseline. This coding allowed for a 
natural comparison between the standard release conditions 
for captive-reared Eastern Hellbenders in Indiana and more 
advanced techniques. We inspected fnal model residuals to 
assess model assumptions. 

RESULTS 

We monitored 79 juvenile Eastern Hellbenders released 
in Fall 2017 for 304 d. One of the fall unconditioned Eastern 
Hellbenders was removed from the analysis because it was 
never detected postrelease. At the end of the study, 7 fall 
Eastern Hellbenders were alive, 34 were known dead, and 
38 had unknown fates. Eastern Hellbenders released in Fall 
2017 were right-censored between 14 and 302 d (X¯ ¼ 234.5 
6 12.2 d SE). We recovered only six bodies of Eastern 
Hellbenders, including one within the frst 30 d that was 
alive but experiencing severe suture dehiscence. The cause 
of death could not be determined for most individuals. In 19 
instances, transmitters were found one or more meters from 
the water line despite having no recent high-water events. 

We monitored 38 juvenile Eastern Hellbenders released 
in Summer 2018 for 365 d. We monitored the summer 
cohort for longer than the fall cohort because of longer 
transmitter life. At Day 304, 20 Eastern Hellbenders were 
alive, 11 were known dead, and 7 had unknown fates. 
Eastern Hellbenders released in the summer of 2018 were 
right-censored between 90 and 297 d (X¯ ¼ 236.6 6 26.5 d 
SE). At the end of the study (365 d), 15 Eastern Hellbenders 
were alive, 13 were dead, and 10 had unknown fates. We 
recovered only four bodies, and in eight instances transmit-
ters were found one or more meters from the water line 
despite there being no high-water events since the date of 
last location. The remaining fve transmitters were found in 
the water or near the waterline. 
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TABLE 3.—Final results for three models describing the movement and survival of captive-reared Eastern Hellbenders (Cryptobranchus alleganiensis 
alleganiensis) released in the Blue River, Indiana, in 2017 and 2018. For each model covariate, we report coeffcient estimates and associated standard errors 
(SE) and signifcance levels (P). All treatment group estimates are relative to the baseline group of unconditioned individuals released in Fall 2017 using 
standard soft release techniques. 

Days until frst movement 

Dependent variable 

Site retention Survival 

Covariates Estimate SE P Estimate SE P Estimate SE P 

Intercept 1.83 0.27 ,0.01 1.73 0.63 ,0.01 — — — 
Fall, standard soft release, conditioned 0.36 0.38 0.33 0.35 0.84 0.68 0.52 0.49 0.72 
Fall, enhanced soft release, unconditioned 2.93 0.38 ,0.01 1.63 0.78 0.04 0.20 0.55 0.28 
Fall, enhanced soft release, conditioned 3.07 0.37 ,0.01 1.53 0.77 0.05 0.20 0.49 0.68 
Summer, enhanced soft release, unconditioned 1.53 0.37 ,0.01 1.73 0.77 0.02 0.25 0.51 0.62 
Summer, enhanced soft release, conditioned 1.04 0.38 ,0.01 1.51 0.79 0.05 1.76 0.81 0.03 
ha 0.77 0.11 — — — — — — — 

a The overdispersion parameter. 

For all the dependent variables, the only covariate to 
signifcantly improve model fts was treatment (Table 2). In 
the model for days until frst movement, the coeffcients for 
the fall enhanced soft-release groups (conditioned and 
unconditioned) and the summer enhanced soft-release 
groups (conditioned and unconditioned) were signifcantly 
different than the fall standard soft-release unconditioned 
group (Table 3). In the fall groups, enhanced soft release 
delayed the time until frst movement compared to the 
standard soft release (Table 3, Fig. 2). That is, days until frst 
movement for the standard soft-release groups was 6.3 d 
(95% confdence interval [CI] ¼ 1.2–8.6) for the uncondi-
tioned group and 9.0 d (95% CI ¼ 1.3–11.5) for the 
conditioned group. In contrast, days until frst movement for 
the enhanced soft-release groups was 117.3 d (95% CI ¼ 
16.6–149.9) for the unconditioned group and 134.2 d (95% 
CI ¼ 12.1–157.9) for the conditioned group. In the summer 
groups, enhanced soft release also delayed the time until frst 
movement compared to the fall standard soft release, 
although the magnitude of the effect of was smaller (Fig. 
2). That is, days to frst movement was 28.9 d (95% CI ¼ 
11.1–50.6) for the unconditioned group and 17.7 d (95% CI 
¼ 5.1–27.8) for the conditioned group. 

Enhanced soft releases more than doubled the probability 
of site retention (Table 3). The overall probability of site 
retention was 0.46 (95% CI ¼ 0.36–0.58) in the enhanced 
soft release groups (Fig. 3). It was signifcantly lower in the 
unconditioned (0.15; 95% CI ¼ 0–0.31) and conditioned 
(0.20; 95% CI ¼ 0.02–0.38) standard soft release groups. 

The only treatment group to demonstrate a statistically 
signifcant difference in survival probability from the 
baseline group was the summer, enhanced soft-release, 
conditioned group (Table 3). The probability of survival for 
their cohort over 10 mo (304 d) was the highest of any of the 
groups at 0.88 (95% CI ¼ 0.73–1.0), and was nearly double 
that of the fall, standard soft-release, unconditioned group at 
0.47 (95% CI ¼ 0.26–0.84) (Fig. 4). At 365 d, survivorship in 
the summer conditioned group was still higher at 0.74 (95% 
CI ¼ 0.55–0.99) than the summer unconditioned group at 
0.50 (95% CI ¼ 0.31–0.79). 

DISCUSSION 

This study is the frst to combine environmental 
enrichment and seasonal releases with enhanced soft-release 

techniques and radiotelemetry to evaluate combined effects 
on movement, site retention, and survival for captive-reared 

% FIG. 3.—Site retention estimates (with 95% confdence interval) for six 
confdence interval) for head-started Eastern Hellbenders (Cryptobranchus 
alleganiensis alleganiensis) released in the Blue River, Indiana. Treatments 
were release season (fall or summer), release type (standard soft release or 
enhanced soft release), and conditioning status (unconditioned or condi-
tioned). Asterisk (*) indicates a statistically signifcant (a ¼ 0.05) difference 
from the baseline group (fall standard soft release, unconditioned). 

FIG. 2.—Mean number of days until frst movement (with 95 
treatment groups of head-started Eastern Hellbenders (Cryptobranchus 
alleganiensis alleganiensis) released in the Blue River, Indiana. Treatments 
were release season (fall or summer), release type (standard soft release or 
enhanced soft release), and conditioning status (unconditioned or condi-
tioned). Asterisk (*) indicates a statistically signifcant (a ¼ 0.05) difference 
from the baseline group (fall standard soft release, unconditioned). 
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FIG. 4.—Ten-month survivorship estimates (with 95% confdence 
interval) for six treatment groups of head-started Eastern Hellbenders 
(Cryptobranchus alleganiensis alleganiensis) released in the Blue River, 
Indiana. Treatments were release season (fall or summer), release type 
(standard soft release or enhanced soft release), and conditioning status 
(unconditioned or conditioned). Asterisk (*) indicates a statistically 
signifcant (a ¼ 0.05) difference from the baseline group (fall standard soft 
release, unconditioned). 

aquatic salamanders being released into the wild. As 
expected, we found that treatment groups released using 
enhanced soft-release techniques had a higher site retention. 
Unexpectedly, we found that fow conditioning had a positive 
effect on survivorship in the summer cohort, but there was 
no corresponding increase in survival in the conditioned fall 
cohorts. Based on our results, we recommend using a 
combination of advanced techniques to improve ultimate 
conservation outcomes and decrease costs to captive-rearing 
programs over time. 

Enhanced soft releases into cobble beds were highly 
effective at delaying the time until frst movement when 
compared with standard soft releases. This delay to 
movement could give released Eastern Hellbenders addi-
tional opportunities to acclimate to the novel conditions 
experienced in the river. Enhanced soft releases also proved 
more effective than standard soft releases at retaining 
individuals within the area of the release site. Site retention 
is especially important for Eastern Hellbenders in Indiana 
since habitat in the Blue River tends to be isolated to short 
stretches of river and separated by large patches of relatively 
suboptimal areas (Burgmeier et al. 2011b). There was no 
direct effect of days until frst movement on an individual’s 
probability of site retention, indicating the cobble bed 
installations had effects beyond the initial postrelease period. 
A high-water event dislodged fve of the fall standard soft-
release cages sometime between 4 d and the removal of the 
other cages. It is possible that this artifcially increased the 
time until frst movement for some individuals; however, the 
maximum time until frst movement in the remaining 
secured standard soft-release cages did not exceed 15 d 
and there was no direct effect of days until frst movement 
on site retention, so we do not expect this dramatically 
affected our end points of retention or survival. Eastern 
Hellbenders from all treatment groups returned to use the 
augmented habitat throughout the study, which is unsur-
prising given the documented preference for coarse 
substrates in juvenile age classes (Bodinof et al. 2012c; 
Hecht et al. 2019; Unger et al. 2020b). Cobble substrates 
provide cover for the secretive species and sites to forage for 

macroinvertebrates (Duan et al. 2008). Importantly, the 
cobble beds were also stable over the course of the study and 
withstood several high-volume food events. 

The benefts of delayed dispersal and site retention appear 
to depend on the timing of release. Our fall release was 
conducted in early November, a time when Eastern 
Hellbenders in Indiana sharply decrease their movement 
(Burgmeier et al. 2011a). In the fall cohort, 76% of 
individuals in the enhanced soft-release group stayed in 
place for at least 3 mo indicating they chose to overwinter in 
the cobble beds instead of immediately exploring the 
surrounding habitat. Translocated Hellbenders released in 
the spring and summer demonstrate a pattern of high levels 
of initial movement followed by decreasing home range size 
over time (Bodinof et al. 2012a; McCallen et al. 2018). This 
study provides further evidence that captive-reared Hell-
benders released in the fall show the reverse pattern and 
delay initial exploratory movements until later seasons 
(Bodinof et al. 2012a). This delay in exploratory behavior 
may leave fall-released cohorts vulnerable to predation and 
unable to provision adequate food resources (Le Gouar et al. 
2012) during a particularly important foraging period 
(Nickerson and Mays 1973). Conversely, the enhanced 
soft-release groups that were released in the summer spent 
considerably less time initially in the cobble beds than the 
enhanced soft-release groups released in the fall (though 
time until frst movement was still signifcantly greater in the 
summer-released group compared to the baseline). While 
many individuals started exploring the environment quickly 
upon release, 47% of individuals in the enhanced soft-release 
cohort that was released in the summer spent at least 19 d in 
the cobble beds. For these individuals, leaving the cobble 
beds coincided with an uptick of movement that occurs 
when males start establishing breeding territories (Burgme-
ier et al. 2011a; McCallen et al. 2018). Captive-reared 
Hellbenders often disperse during the frst 20 d postrelease 
(Bodinof et al. 2012a), so this delayed time until movement 
may still have contributed to improved outcomes in the 
summer cohort. 

Although days until frst movement and site retention 
were increased in all enhanced soft-release treatment 
groups, survival was signifcantly higher only in the 
conditioned group released in the summer. We studied the 
behavior and morphology of these individuals when they 
were in the laboratory, prior to release, and found that 
conditioning resulted in a signifcant improvement in swim 
performance and morphological features favorable to 
inhabiting a lotic environment (Kenison and Williams 
2018a). Thus, we hypothesized that after release into the 
feld, conditioned individuals would more successfully 
navigate the lotic environment than unconditioned individ-
uals, leading to increased survival rates. The reason we did 
not see increased survival in conditioned individuals released 
in the fall may be related to the nature of seasonal threats in 
the two cohorts. In both groups, most known mortalities 
occurred in May when movement rates of Eastern 
Hellbenders are known to increase due to foraging 
(Humphries and Pauley 2000; Humphries 2007; Burgmeier 
et al. 2011b). During May 2019, there was one high-fow 
food event in the Blue River, and high-fow conditioning 
may have conferred a direct advantage to captive-reared 
Eastern Hellbenders during fooding through improved 
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swim performance (Kenison and Williams 2018a; Franssen 
et al. 2021). Alternatively, in May 2018 the river never 
fooded and high-fow conditions were not a threat to the 
fall-released, captive-reared cohort during seasonal move-
ment activities. In conditions of unseasonably low fow, 
disease or predators are more likely sources of mortality and 
fow conditioning would confer no direct advantage to the 
fall cohort. 

An alternative hypothesis for the mechanism infuencing 
survival differences in the conditioned and unconditioned 
captive-reared Hellbenders is the indirect effects of stress 
(Dickens et al. 2010). The interaction of stress and release 
type has received little empirical attention but warrants 
further consideration (Teixeira et al. 2007). If conditioned 
Hellbenders experience a decreased acute or chronic stress 
response upon release because they are already acclimated 
to high fow conditions (Dickens et al. 2010), then it may 
increase their probability of survival. Prolonged elevation of 
stress hormones in animals can cause impaired cognitive 
function (de Quervain et al. 1998; Mendl 1999) which can 
affect their ability to obtain resources and increase the 
likelihood of predation (Teixeira et al. 2007). It may also 
suppress immune system function (Romero and Butler 
2007), which can decrease the probability of survival when 
individuals are challenged by pathogens or parasites 
(Dhabhar et al. 1996; Bortolotti et al. 2009; Hing et al. 
2017). The relatively longer amount of time that the summer 
cohort spent undergoing the conditioning treatment (eight 
additional months) may have also increased their chances of 
survival relative to the fall cohort, either through additional 
changes in morphology and swim performance or increased 
acclimation to the high fow conditions. More research is 
needed to explore the mechanisms driving differential 
survival in conditioned and unconditioned groups and 
determine the optimal amount of conditioning needed to 
effciently reach captive-rearing program recovery goals for 
Hellbenders. 

Predation is suspected as a major cause of mortality in this 
study. One individual was positively confrmed to have been 
eaten by a Common Watersnake (Nerodia sipedon) and a 
second was confrmed to have been eaten by a Common 
Snapping Turtle (Chelydra serpentina). We saw no direct 
evidence of mammal predation; however, Raccoons (Procyon 
lotor; Lipps 2013) and River Otters (Lontra canadensis; 
Hecht et al. 2014) are well-documented predators of 
Hellbenders. We suspect that mammalian predation was a 
major cause of mortality in this study based on discovering 
several transmitters located greater than 1 m above the water 
line with no recent high-water events. However, isolated 
transmitters discovered on banks could also be evidence of 
mammalian scavenging behavior. High predation rates (Beck 
et al. 1991; Moseby et al. 2011; Berger-Tal et al. 2020), 
inadequate foraging (Bright and Morris 1994; Mathews et al. 
2005; Jule et al. 2008), and disease (Williams et al. 1988; 
Stockwell et al. 2008; Berger-Tal et al. 2020) are all 
commonly cited causes of mortality in translocations and 
none can be ruled out as factors in this study. Applying 
additional conditioning techniques for predator avoidance 
(Kenison and Williams 2018b; Tetzlaff et al. 2019a; Sˇ mejkal 
et al. 2021) and immune defenses (Merrifeld et al. 2010; 
Kenison et al. 2020) could be critical for further improving 
the success of future captive-reared releases of Hellbenders. 

When used simultaneously, summer releases, enhanced 
soft releases, and conditioning improved the postrelease 
survivorship of captive-reared Eastern Hellbenders. The 
annual survivorship estimate of the conditioned summer 
cohort was higher than previous captive-reared cohorts 
released at the same site in Indiana (Kraus et al. 2017) and 
was comparable to the previous highest reported survival 
rate for captive-reared Hellbenders (Bodinof et al. 2012b). 
Based on our results, we recommend the use of these 
advanced captive-rearing techniques. Flow conditioning can 
be implemented easily and relatively inexpensively using 
raceway systems (Kenison and Williams 2018a) rather than 
standard aquaria. Based on the seasonal differences we saw 
in survivorship gains, we recommend combining fow 
conditioning with releasing Hellbenders in late spring or 
early summer to ensure individuals have adequate time to 
explore their habitat and develop home ranges prior to 
dormancy. Finally, we recommend using cobble-bed soft 
releases, when feasible, to help delay dispersal and improve 
site retention. However, the placement of soft-release 
structures should be taken into consideration to avoid areas 
of especially high fow or those frequented or easily accessed 
by predators. Future work should focus on determining the 
optimal length of conditioning prerelease and whether 
different combinations of conditioning techniques (e.g., 
fow, predator, and microbiota) might have a synergistic 
effect on survivorship. Furthermore, soft-release techniques 
should continue to be evaluated to better understand the 
nuances of in-stream placement. Improving captive-rearing 
techniques and the subsequent survivorship of released 
Hellbenders could have signifcant positive effects on the 
success of future releases and the long-term status of the 
species in the wild. 
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