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ABSTRACT.—To provide estimates of Blanding’s Turtle (Emydoidae blandingii) hatchling survival and to better understand the utility of

alternative management tactics targeting this age class, we monitored survival and movements after natural (caged) and artificial

incubation by using radio telemetry. We found that survival was similarly high (ca. 80% over 88 days) across treatments and study

locations. Movement distances were similar among treatments but differed among study locations, perhaps because of differences in
release site habitat variables. Our results suggest that nest cages and artificial incubation are equally effective methods for increasing

survival to hatching. Extrapolating from the 88 days of our study, until resumption of activity following hibernation, we found survival

estimates of 40%–78%, depending on the survival function used. When coupled with published rates of nest survival (6%–41%) and hatch
success (47%–87%), anticipated age 0 survival, from egg deposition to emergence from hibernation, ranged from 1%–28%. Although our

analysis fills a knowledge gap in Blanding’s Turtle demography, further study is needed to improve the precision of survival estimates.

Managers of small populations of threatened and endangered
species often implement actions to enhance survival during

vulnerable life history stages. A frequent concern regarding
such actions is that follow-up monitoring is insufficient to

meaningfully evaluate alternative tactics (Stem et al., 2005). This
is especially true of species with cryptic life stages for which

monitoring effort may be prohibitive and technological solu-
tions are lacking (Pike et al. 2008). Hatchling turtles represent

one such example. One strategy in turtle conservation is to
reduce nest depredation by caging nests in situ or by inducing

oviposition in wild-caught females, artificially incubating eggs,
and releasing hatchlings (Burke, 2015; O’Connor et al., 2017).

These tactics require a significant allocation of resources to track
and monitor nesting females and their nests or to track and

capture gravid females for induction and egg incubation. In
addition, environmental conditions during incubation (temper-

ature, humidity, and their variability) differ between nest-caged
and artificially incubated hatchlings, and these differences may

influence performance (survival and behavior) posthatching
(Usategui-Martin et al., 2019). Consequently, evaluating the

outcome of these alternatives is needed to better achieve
conservation goals.

The Blanding’s Turtle Emydoidea blandingii is a long-lived,

late-maturing turtle that uses wetland and adjacent upland
habitat (Congdon et al., 2008; Congdon et al., 2011; Reid et al.,

2016). Threats to this species include habitat loss, road mortality,

and elevated rates of nest predation by subsidized predators,
resulting in a lack of recruitment (Congdon et al., 2008). The
Blanding’s Turtle is ranked as endangered by the International
Union for Conservation of Nature (IUCN, 2020), is recognized
as being in need of conservation or is listed as threatened or
endangered in each U.S. State and Canadian Province in which
it occurs (Congdon et al., 2008; COSEWIC, 2016), and is
scheduled for candidate status review under the U.S. Endan-
gered Species Act (U.S. Fish and Wildlife Service, 2015).

Posthatch survival of juvenile Blanding’s Turtles is poorly
known. Nest failure rates, mostly because of nest predators, can
be high, ranging from 59%–94% (survival rate¼ 6%–41%; Butler
and Graham, 1995; Congdon et al., 2000; Standing et al., 2000;
Reid et al., 2016; Urbanek et al., 2016). Hatching failure, because
of infertility or abnormal development, is less frequent, ranging
from 13%–53% (survival rate ¼ 47%–87%; Emrich, 1991; Butler
and Graham, 1995; Congdon et al., 2000; Joyal et al., 2000;
Standing et al., 2000). Posthatch survival estimates from
tracking studies using telemetry or fluorescent powder range
from 20%–82% (Camaclang, 2007; Arsenault, 2011; Jones and
Sievert, 2012; Paterson et al., 2012). Unfortunately, these studies
of hatchling survival span variable (and sometimes unreported)
time intervals and fail to account for unknown outcomes (e.g.,
transmitter loss or failure) or removal from study as transmit-
ters reach the anticipated end of battery life or fluorescent
powder trails become undetectable.

Management practices aimed at increasing early life stage
survival of Blanding’s Turtles include nest caging, hatchling
releases after artificial incubation, headstarting, and mesopre-
dator control (Standing et al., 2000; Urbanek et al., 2016;
Starking-Symanski et al., 2018; Carstairs et al., 2019; Thompson
et al., 2020). Here, we compare the effectiveness of nest caging
and artificial incubation by examining Blanding’s Turtle
survival and movement distances after hatchling release. We
focus on these two methods because they are relatively simple,
requiring only the monitoring of adult females, and thus might
be undertaken by individuals or agencies lacking the resources
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for headstarting or mesopredator control. By providing esti-
mates of posthatch survival, we fill a knowledge gap in
Blanding’s Turtle demography. We make use of formal survival
analysis, in which outcomes other than mortality are treated as
‘‘censored,’’ to estimate survival and associated confidence
limits over the duration of our study and interpolate survival
over longer time periods (Collet, 2003), e.g., from hatching
through spring emergence after first hibernation. Our analyses,
together with recent estimates of survival among older (‡1 yr)
juveniles (Golba, 2019) and adults (Congdon et al., 1993; Rubin
et al., 2004; Ruane et al., 2008; Reid et al., 2016; Golba, 2019),
enhance knowledge of Blanding’s Turtle survival more gener-
ally.

MATERIALS AND METHODS

We combined data from three separate studies spearheaded
by authors MK, ARK, and JK and located within 100 km of each
other in northern Illinois and southern Wisconsin (Kane and Lee
County, Illinois¼Kane/Lee; Lake County, Illinois and Kenosha
County, Wisconsin¼ Lake/Kenosha; Rock County, Wisconsin¼
Rock; Table 1). All locations consisted of shallow wetlands with
abundant emergent aquatic vegetation and were the focus of
ongoing Blanding’s Turtle monitoring and telemetry (exact
localities withheld at the request of land managers), providing
us with the opportunity to observe nesting females and cage
their nests or collect gravid females to obtain eggs for artificial
incubation. To cage nests, we checked telemetered animals in
late May and early June for afternoon or evening overland
movements typical of nesting females. We discretely followed
these females to their nesting sites. After a turtle oviposited, we
caged nests by using closed cylinders made of 1.27-cm mesh
hardware cloth measuring 30 cm in diameter and 25 cm high.
Cages were buried to a depth of about 10 cm and held in place
with rebar and zip ties or weights placed on flanges at their
base. Caged nests were checked daily for hatchlings from late
August through mid-September. To obtain artificially incubated
hatchlings, we palpated females for shelled eggs, induced
oviposition, and incubated eggs as described in Thompson et al.
(2020).

Hatchlings from both caged and artificially incubated nests
were measured and weighed. Hatchlings greater than 8 g were
outfitted with a small radio transmitter (Advanced Telemetry
Systems, 0.5–0.6 g) glued to their carapace by using quick-
setting epoxy. Hatchlings were released into the shallows of
their home preserve wetlands (Kane/Lee) or on land at known

nest sites 20–150 m from wetland margins (Lake/Kenosha,
Rock). Telemetered hatchlings were located every 1 to 3 days
(using Advanced Communications R-1000, ATS R-2000, or
Lotek Biotracker receiver) until the onset of cool weather, after
which they were located approximately weekly. Hatchlings
were monitored until death, disappearance, or transmitter
detachment. Transmitters reaching the end of their expected
battery life (30–40 days) were sometimes replaced to extend
tracking duration. Remaining transmitters were removed before
anticipated battery failure. The distance moved between
sequential locations was measured using a flexible tape or from
global positioning system (GPS) coordinates.

We used Kaplan-Meier survival analysis 1) to compare
survival between incubation methods by using data on 19
hatchlings from caged nests and 27 artificially incubated
hatchlings from the Kane/Lee study; 2) to compare survival
among study locations by using data on 47 Kane/Lee
hatchlings, 18 Lake/Kenosha hatchlings, and 17 Rock hatch-
lings; and 3) to estimate survival across methods and locations
by using data on all 82 hatchlings combined. Wild-caught
hatchlings were excluded from comparisons of hatchlings from
caged nests to artificially incubated hatchlings (n¼ 1) but were
included in comparisons among studies and combined esti-
mates (n¼ 2). Analyses were carried out using SPSS 25.0, IBM.
Documented deaths and disappearances occurring within the
expected transmitter battery life were scored as mortalities.
Disappearances were confirmed by extending the search area
and repeating searches on subsequent dates. Transmitter
detachments and removals were treated as censored data as
was a single mortality attributed to antenna entanglement. For
our combined analysis, we fit exponential, Weibull, and
Gompertz survival functions to our Kaplan-Meier results by
using the curve fitting function of SPSS. These functions differ in
whether they treat the risk of mortality as constant (exponential
function) or monotonically changing over time (Weibull and
Gompertz functions; Collett, 2003). A useful feature of these
functions is that they allow extrapolation of survival beyond the
end of our telemetry study.

We restricted our analysis of movement distance to move-
ments measured over intervals of 1 to 5 days. Because
movement distances were skewed right, we transformed data
by using natural logarithms after adding 1 to achieve normality.
We computed mean movement distance for each turtle for
which five or more distances were recorded. We used a t-test to
compare mean movement distance between hatchlings from
caged nests (n ¼ 15) and hatchlings from artificially incubated
eggs (n ¼ 20) from the Kane/Lee study. We used analysis of
variance with Tukey post-hoc tests to compare mean movement
distances among hatchlings from the Kane/Lee (n¼ 36), Lake/
Kenosha (n ¼ 15), and Rock studies (n ¼ 16). Equal variances
were confirmed using Leven’s test before analysis was
conducted.

RESULTS

Transmitters were placed on 82 hatchling turtles (Table 1), and
survival was monitored for up to 88 days (Appendix 1).
Thirteen turtles were confirmed or inferred to have died during
our study. Causes of mortality included predation (n ¼ 5
carcasses showing evidence of trauma), entanglement (n ¼ 1),
and unknown causes (2 carcasses without trauma and 5 animals
that disappeared within expected battery life). The fates of the
remaining 69 turtles were treated as censored because of

TABLE 1. Study locations, principle investigator (PI), and sample
sizes of telemetered hatchling Blanding’s Turtles from caged nests,
artificially incubated, or wild caught.a

Location PI

Sample size

Caged Incubated Wild caught

Kane/Lee MK 19b 27c 1d

Lake/Kenosha ARK 3e 14f 1g

Rock JK 17h

a Kane/Lee, Kane and Lee County, Illinois; Lake/Kenosha, Lake County,
Illinois and Kenosha County, Wisconsin; Rock, Rock County, Wisconsin.

b Clutches of 10 (2015), 8 (2016), and 1 (2016) released in wetland shallows.
c Clutches of 10 (2015), 9 (2016), and 8 (2016) released in wetland shallows.
d Incidental capture (2016) released in wetland shallows.
e Partial clutch (2008) released at terrestrial nest sites.
f Two hatchlings from each of 7 clutches (2008) released at terrestrial nest sites.
g Incidental capture (2008) released at terrestrial nest sites.
h One clutch of 7 (2015) and 1 clutch of 10 (2016) released at terrestrial nest sites.
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transmitter loss (n¼ 13), battery failure (n¼ 3), or conclusion of
the study (n ¼ 53).

Survival did not differ between 19 hatchlings (4 mortalities)
from caged nests and 27 artificially incubated hatchlings (6
mortalities) from the Kane/Lee study (Tarone-Ware v2¼0.222, P
¼ 0.637; Fig. 1A). Survival also did not differ among 47 Kane/
Lee (10 mortalities), 18 Lake/Kenosha (2 mortalities), and 17
Rock hatchlings (0 mortalities; Tarone-Ware v2¼4.254, P¼0.119;
Fig. 1B). Estimated survival over the entire 88-day study for all
82 hatchlings combined was 79.6% (SE¼ 0.061, 95% confidence
interval ¼ 67.6%–91.6%; Fig. 1C). Results of the Kaplan-Meier
survival analysis were well fit by the Gompertz survival
function (r2 ¼ 0.93)

Survival ¼ e
0:0097
-0:0397ð1-e-0:0397DaysÞ½ �

and the Weibull survival function (r2 ¼ 0.86)

Survival ¼ eð-0:0224Days0:5484Þ

and more poorly by the exponential survival function (r2¼ 0.52)

Survival ¼ e0:0038Days

(Fig. 2).

We analyzed 1,049 movements by 67 hatchling turtles (5–45

movements per turtle) (Appendix 1). Median distance moved

between telemetry locations was 1.5 m (range ¼ 0–294 m).

Distance moved was positively correlated with the number of

elapsed days between locations but only weakly so (r2¼ 0.017, n
¼1,049, P < 0.001), and thus no correction was made for elapsed

days. We found no difference in distance moved between

hatchlings from nest cages and hatchlings from artificially

incubated eggs (back-transformed mean ¼ 2.1 vs. 2.0 m; t ¼
3.323, df ¼ 33, P ¼ 0.749) in the Kane/Lee study. We found

significant differences in movement distance among study

locations (back-transformed mean ¼ 2.1 m in Kane/Lee, 2.4 m

in Lake/Kenosha, and 8.6 m in Rock; F2,64¼ 41.943, P < 0.001).

Tukey post-hoc comparisons revealed Kane/Lee ¼ Lake/

Kenosha < Rock (Fig. 3).

DISCUSSION

We used radiotelemetry to test for differences in survival and

movement distances between Blanding’s Turtle incubation

FIG. 1. Hatchling Blanding’s Turtle survival functions comparing nest-cage (dashed line) and artificially incubated hatchlings (solid line) (A),
comparing Kane/Lee (long dashed line), Lake/Kenosha (short dashed line), and Rock (solid line) studies (B), and for all 82 hatchlings combined
(dotted lines represent 95% confidence limits) (C). Censored data are indicated by hash marks on survival lines (A, B) or on the horizontal axis (C).

FIG. 2. Observed hatchling Blanding’s Turtle survival for 82
hatchlings combined (stepped line) with corresponding exponential
(solid line), Weibull (long dashed line), and Gompertz (short dashed
line) survival functions. Extrapolated survival to 240 days occurs where
these functions cross the dotted vertical line.

FIG. 3. Box-plot of mean movement distance by Blanding’s Turtle
hatchlings at three study locations. Horizontal bars represent the
median, boxes represent the interquartile range, line and whiskers
represent the range, and points represent outliers. Distance (m) was
transformed by taking logarithms after adding 1 before computing the
mean for each turtle.
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methods and among study locations and to estimate survival
across methods and locations. We found no significant difference
in survival between Blanding’s Turtle hatchlings from natural
(caged) nests and those produced by artificial incubation.
Likewise, we found no significant difference in survival among
studies despite the fact that Lake/Kenosha and Rock hatchlings
were released at nest sites and had to make overland movements
to reach wetlands, whereas Kane/Lee turtles were released in
wetland shallows. Admittedly, our ability to detect differences in
survival is limited by sample size and study duration. For
example, given our sample size and observed survival rates, our
power to detect a difference among study locations is approx-
imately 0.66 (https://www.statstodo.com/SSizSurvival_Pgm.
php; Machin et al., 2009). We found no difference in movement
distance between hatchlings from natural nests and those
produced by artificial incubation. The similarity in the survival
and movement distance of hatchlings from caged nests and
those produced by artificial incubation suggests that both tactics
may be effective for reducing mortality caused by nest predators.
We recognize that hatchlings from caged nests and those
produced by artificial incubation may differ in ways not detected
in our study or that differences may not become apparent until
later in life (e.g., effect on growth of constant vs. variable
incubation temperature; Booth 2006). Thus, further study is
warranted. Regardless, both tactics are labor intensive and
should be evaluated against other options (no intervention, nest
site restoration, headstarting, and mesopredator control) when
designing management plans.

We did find differences in movement distance among studies,
with Rock hatchlings moving significantly farther than Lake/
Kenosha and Kane/Lee hatchlings. Possibly, the shorter move-
ment distances exhibited by Kane/Lee hatchlings were a
consequence of being released at wetland margins and not
having to make overland movements. However, movement
distances also differed between Rock and Lake/Kenosha
hatchlings, of which all were released on land at known nest
sites, suggesting that local habitat features may also be important.

Overall, during our investigation, we found hatchling
Blanding’s Turtle survival to be relatively high, ca. 80% over
88 days, exceeding that observed in Nova Scotia (20%–50%; n¼
29, 36, 16, and 18 turtles tracked from hatching to hibernation in
2006, 2007, 2008, and 2010; Arsenault, 2011) and Ontario (42%, n
¼ 48 turtles tracked for 53 days posthatching; Paterson et al.,
2012). However, in the Nova Scotia and Ontario studies, 31%–
75% of hatchlings were lost because of transmitter detachment,
transmitter failure, or unknown causes, potentially biasing
survival estimates downward. A similar rate of survival to our
study was observed in Massachusetts by using fluorescent
powder to track 72 turtles, but it occurred over a much shorter
time interval (range¼ 1–48 days, mean¼ 4.5 days posthatching;
Jones and Sievert, 2012). Our estimates also exceed those
observed in hatchling wood turtles (11%, n¼ 42 turtles tracked
for up to 58 days; Paterson et al. 2012) and hatchling gopher
tortoises at 2 of 3 sites (88-day survival ¼ ca. 30%, 50%, and
100%; n¼45, 20, and 20, estimated from Fig. 2 in Pike and Seigel
2006; gopher tortoise survival decreased to 0% at all 3 sites by
365–765 days).

Survival beyond the 88 days of our study can be extrapolated
using survival functions fit to the results of our Kaplan-Meier
analysis. Given a typical hatch date for our study locations of 3
September, we computed survival until resumption of activity
following hibernation (ca. 1 May), an interval of 240 days. The
Gompertz survival function results in inferred survival of 78%

over 240 days, with almost no mortality occurring beyond the
end of our study (Fig. 2). The Weibull function results in inferred
survival of 65% with modest overwinter mortality, and the
exponential function results in inferred survival of 40% (Fig. 2).
Statistical fit alone favors the Gompertz function (r2 ¼ 0.93 vs.
0.86 and 0.52 for the Weibull and exponential functions,
respectively), but it seems likely that at least modest rates of
overwinter mortality occur among young Blanding’s Turtles.
Regardless, when coupled with published rates of nest survival
(6%–41%; Butler and Graham, 1995; Congdon et al., 2000;
Standing et al., 2000; Reid et al., 2016; Urbanek et al., 2016) and
hatch success (47%–87%; Butler and Graham, 1995; Congdon et
al., 2000; Emrich, 1991; Joyal et al., 2000; Standing et al., 1999),
extrapolated hatchling survival rates (40%–78%) result in
anticipated age 0 survival (defined here as extending from egg
deposition to emergence from hibernation) of just 1%–28%.

Although estimates of age class 0 turtle survival are
accumulating, most are limited to nest and egg survival and
few encompass the entire age class. For example, of 54 estimates
of age 0 survival tabulated by Iverson (1991), just 7 included
hatchlings. Fifteen such estimates were tabulated by Heppell
(1998), but no distinction was made between egg survival and
survival over the entire age class. An alternative approach,
advocated by Pike et al. (2008), is to infer juvenile survival rates
from information on adult survival, age at maturity, and clutch
size, assuming constant population size. The result is a mean
annual survival rate, averaged over the entire juvenile stage (ca.
14 yr in Blanding’s Turtles) that reveals little about survival
during specific year classes (e.g., age 0 as in this study). The
paucity of data on hatchling and juvenile turtle survival
(compared, e.g., to adult survival; Rachmansah et al. 2020)
reflects the technical challenges of tracking (e.g., via telemetry)
and monitoring (via capture–mark–recapture) young turtles.
Filling this knowledge gap for additional species will provide a
better understanding of turtle demography and aid conserva-
tion planning. Regardless, evidence is growing that increasing
the survival of this vulnerable age class (via nest protection,
artificial incubation, headstarting, and mesopredator control)
increases population persistence both in Blanding’s Turtles
(Urbanek et al., 2016; Carstairs et al., 2019; Golba 2019;
Thompson et al., 2020) and in other turtle species (e.g., Vander
Haegen et al. 2009; Munscher et al. 2012; Milinkovitch et al.
2013; Peñaloza et al. 2015; Shaver and Caillouet 2015; Engeman
et al. 2016; Quinn et al. 2018).
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APPENDIX 1. Hatchling Blanding’s Turtle fates and distances moved. Each row represents an individual turtle identified by study, treatment, release
date, and end date. Duration refers to the number of days over which an individual turtle was tracked. Fate refers to the status of the turtle at the end
of the study (0¼ turtles that were alive when transmitters were removed, detached, or failed; 1¼ turtles that were known or inferred to have died).
Distance is the mean distance moved between tracking locations (raw distances in m were transformed by taking logarithms after adding 1 before
computing means shown here). N, the number of movements recorded; ID, turtle identifier.

ID Study Treatment Release End date Duration Fate Distance N

1 Kane/Lee Caged 9 Sep 13 Sep 4 1 0.55 6
2 Kane/Lee Caged 9 Sep 5 Oct 26 0 2.42 10
3 Kane/Lee Caged 7 Sep 8 Sep 1 0
4 Kane/Lee Caged 9 Sep 12 Sep 3 0
5 Kane/Lee Caged 9 Sep 18 Sep 9 1
6 Kane/Lee Caged 9 Sep 28 Oct 49 0 0.73 18
7 Kane/Lee Caged 9 Sep 5 Oct 26 0 1.05 10
8 Kane/Lee Caged 9 Sep 28 Oct 49 0 1.35 18
9 Kane/Lee Caged 9 Sep 28 Oct 49 0 0.89 18

10 Kane/Lee Incubated 15 Aug 21 Aug 6 1
11 Kane/Lee Incubated 15 Aug 12 Sep 28 0 1.70 9
12 Kane/Lee Incubated 15 Aug 26 Aug 11 1
13 Kane/Lee Incubated 15 Aug 22 Aug 7 1
14 Kane/Lee Incubated 15 Aug 21 Oct 67 0 1.67 18
15 Kane/Lee Incubated 15 Aug 22 Aug 7 0
16 Kane/Lee Incubated 15 Aug 17 Oct 63 0 1.65 17
17 Kane/Lee Incubated 15 Aug 26 Aug 11 0
18 Kane/Lee Incubated 18 Aug 9 Sep 22 0 0.87 9
19 Kane/Lee Incubated 18 Aug 9 Sep 22 0 0.70 9
20 Kane/Lee Incubated 18 Aug 30 Sep 43 0 0.69 16
21 Kane/Lee Incubated 18 Aug 6 Sep 19 0 0.70 9
22 Kane/Lee Incubated 18 Aug 13 Sep 26 0 0.95 5
23 Kane/Lee Incubated 18 Aug 4 Sep 17 0 0.81 7
24 Kane/Lee Incubated 18 Aug 11 Sep 24 0 1.23 9
25 Kane/Lee Incubated 18 Aug 11 Sep 24 0 0.72 10
26 Kane/Lee Incubated 18 Aug 23 Sep 36 0 1.08 13
27 Kane/Lee Incubated 18 Aug 13 Sep 26 0 0.93 10
28 Kane/Lee Caged 11 Sep 6 Oct 25 0 1.74 10
29 Kane/Lee Caged 11 Sep 6 Oct 25 0 0.73 10
30 Kane/Lee Caged 11 Sep 14 Oct 33 0 0.69 9
31 Kane/Lee Caged 11 Sep 12 Oct 31 0 0.66 12
32 Kane/Lee Caged 11 Sep 14 Oct 33 0 0.98 13
33 Kane/Lee Caged 11 Sep 27 Sep 16 1 1.57 6
34 Kane/Lee Caged 11 Sep 9 Oct 28 0 0.82 11
35 Kane/Lee Caged 11 Sep 6 Oct 25 0 1.25 10
36 Kane/Lee Caged 11 Sep 18 Sep 7 1
37 Kane/Lee Caged 11 Sep 12 Oct 31 0 1.01 12
38 Kane/Lee Incubated 15 Aug 23 Sep 39 1 1.23 10
39 Kane/Lee Incubated 15 Aug 21 Oct 67 0 1.23 17
40 Kane/Lee Incubated 15 Aug 21 Oct 67 0 0.65 18
41 Kane/Lee Incubated 15 Aug 9 Sep 25 0 2.20 6
42 Kane/Lee Incubated 15 Aug 9 Sep 25 0 1.70 6
43 Kane/Lee Incubated 15 Aug 23 Sep 39 1
44 Kane/Lee Incubated 15 Aug 9 Sep 25 1 1.47 6
45 Kane/Lee Incubated 15 Aug 2 Sep 18 0
46 Kane/Lee Incubated 15 Aug 21 Oct 67 0 0.74 17
47 Kane/Lee Wild 18 Sep 4 Oct 16 0 0.79 6
48 Lake/Kenosha Caged 5 Sep 11 Nov 67 0 0.74 45
49 Lake/Kenosha Incubated 6 Sep 19 Sep 13 0 2.20 6
50 Lake/Kenosha Incubated 7 Sep 16 Sep 9 1
51 Lake/Kenosha Incubated 7 Sep 6 Nov 60 0 1.53 38
52 Lake/Kenosha Wild 10 Sep 4 Dec 85 0 1.09 37
53 Lake/Kenosha Incubated 7 Sep 15 Sep 8 0
54 Lake/Kenosha Incubated 7 Sep 6 Oct 29 0 1.03 43
55 Lake/Kenosha Incubated 7 Sep 4 Dec 88 0 0.98 41
56 Lake/Kenosha Incubated 7 Sep 26 Oct 49 0 1.17 32
57 Lake/Kenosha Incubated 7 Sep 27 Oct 50 0 1.15 35
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APPENDIX 1. Continued.

ID Study Treatment Release End date Duration Fate Distance N

58 Lake/Kenosha Incubated 7 Sep 30 Oct 53 0 1.25 39
59 Lake/Kenosha Incubated 7 Sep 18 Sep 11 0 1.92 5
60 Lake/Kenosha Incubated 7 Sep 7 Nov 61 0 0.93 40
61 Lake/Kenosha Caged 5 Sep 7 Nov 63 0 1.13 44
62 Lake/Kenosha Incubated 7 Sep 15 Sep 8 1
63 Lake/Kenosha Incubated 7 Sep 14 Oct 37 0 0.68 27
64 Lake/Kenosha Caged 5 Sep 7 Nov 63 0 1.50 43
65 Lake/Kenosha Incubated 7 Sep 7 Nov 61 0 1.20 42
66 Rock Incubated 14 Aug 12 Sep 29 0 2.38 6
67 Rock Incubated 17 Aug 2 Oct 46 0 2.36 13
68 Rock Incubated 17 Aug 23 Sep 37 0 2.27 11
69 Rock Incubated 17 Aug 23 Sep 37 0 1.87 11
70 Rock Incubated 17 Aug 2 Oct 46 0 2.69 13
71 Rock Incubated 17 Aug 23 Sep 37 0 1.45 13
72 Rock Incubated 17 Aug 23 Sep 37 0 2.59 11
73 Rock Incubated 17 Aug 1 Sep 15 0 2.70 6
74 Rock Incubated 14 Aug 9 Sep 26 0
75 Rock Incubated 14 Aug 1 Sep 18 0 2.18 6
76 Rock Incubated 14 Aug 1 Sep 18 0 2.48 6
77 Rock Incubated 14 Aug 1 Sep 18 0 1.96 6
78 Rock Incubated 14 Aug 12 Sep 29 1 2.46 6
79 Rock Incubated 14 Aug 1 Sep 18 0 1.97 6
80 Rock Incubated 14 Aug 1 Sep 18 0 2.31 6
81 Rock Incubated 14 Aug 12 Sep 29 0 2.24 6
82 Rock Incubated 14 Aug 1 Sep 18 0 2.21 6
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