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benefits to field research.

animals, and reduce personnel requirements.

Background: The vaginal implant transmitter is an effective tool in the study of neonatal survival rates for cervid spe-
cies. The latest iterations of the vaginal implant transmitter use Global Positioning Systems and ultra-high frequency
telemetry technology to create a self-monitoring system in which researchers receive near instantaneous notifications
of parturition events via remote transmission. We deployed ultra-high-frequency radio-linked vaginal implant trans-
mitters on 44 adult female white-tailed deer (Odocoileus virginianus) and assessed their performance and possible

Results: In 2016, 60% of the females expelled transmitters at the birth sites. Failure to locate a birth site was a

result of technological failings (20%) and premature expulsions (20%). Following manufacturer updates in 2017, we
observed an apparent reduction in technology malfunctions (8%) but similar rates of premature expulsions (33%),
which resulted in 58% of radio-linked transmitters expelled at birth sites. We located similar numbers of neonates per
device across both years. The likelihood that researchers would locate > 1 neonate at or near the birth site was greater
for radio-linked transmitters than has been reported in studies using traditional vaginal implant transmitters.

Conclusions: Radio-linked transmitters allow researchers to increase sample size, expand spatial distribution of study
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Background

Estimation of neonate survival is critical to population
monitoring and the successful management of white-
tailed deer (Odocoileus virginianus) [1-3]. Traditionally,
researchers opportunistically captured neonates by either
systematical searching of fawning habitat or observing
maternal female behavior [4—6]. Opportunistic capture
methods are often efficient and can yield a large number
of captured neonates. Vaginal implant transmitters (VIT)
were developed to enable the location of birth sites and
aid in the timely capture of neonatal ungulates [7]. Using
a modified version of existing radio telemetry technology,
the VIT utilizes a very-high-frequency (VHF) transmit-
ter equipped with a parturition-indicating motion switch
and internal spiral antenna. With the advent of VIT
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technology, researchers were able to explore new patterns
in ungulate reproduction. Researchers could connect
individual neonates to their dams, which allowed mater-
nal characteristics (e.g.; age, condition) to be examined as
covariates in neonate survival studies [8]. Additionally,
neonates could be captured within hours of parturition
and enter a survival analysis immediately following birth.
Use of opportunistic capture results in a varying age
distribution [9], with captured neonates ranging in age
from O to > 14 days old [10, 11]. More recently, research-
ers examined changes in movement behavior using fine-
scale relocation data from parturient females to identify
birth site locations [12, 13], although the transmission
and analysis of the data often require a several-day delay
before neonates are captures. Varying age distributions
can lead to inflated survival rates and a misrepresenta-
tion of cause-specific mortality due to missed opportuni-
ties to observe early-life mortalities [9, 14]. Use of VITs
meant that all individuals entered the survival window at
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the same age and monitoring began at the earliest pos-
sible time.

With traditional VITs, researchers implanted transmit-
ters into gravid females in the winter and then monitored
the status of the transmitter via VHF telemetry until
parturition in the spring [7]. The transmitter is expelled
at the birth site and after a period of inactivity (typi-
cally ~ 2-3 h); the motion sensor triggered an event signal
(i.e., mortality switch) indicating to the researcher that a
parturition event had occurred. The researcher then fol-
lows the VHEF signal to the location of the parturition site.
Original VIT designs had issues with low retention rates
(<50%) in deer and premature expulsion [15, 16]. Fur-
thermore, initial designs required suturing of the vulva to
retain transmitters within the vaginal canal [7] increasing
trauma and risk of infection during device implantation
and expulsion. An improved VIT design added silicone
wings, which held the device in the vaginal canal closer to
the cervix and eliminated the need for sutures [13]. This
improved design also had an external antenna, which
improved the ability to monitor the status of VIT while
implanted in the female and to locate it after expulsion
[15]. Retention rate with the updated design increased up
to 75% [15]. Additional updates included adding a tem-
perature and photo-sensor switch [17].

A recent update to traditional VHF VITs pairs the VIT
to a GPS collar on the female via ultra-high-frequency
(UHF) radio signal communication (radio-linked VIT;
hereafter rVIT), eliminating the need for scheduled
telemetry monitoring and providing near instantaneous
notification of parturition. Our objective was to provide
an initial review of the performance and effectiveness of
rVIT systems for locating neonatal white-tailed deer. We
evaluated the transmitters based on rates of technologi-
cal failure, retention, the number of neonates located per
transmitter, and the rate at which researchers located > 1
neonate at a birth site.

Study area

We conducted our research in Sussex County, Delaware,
USA. Sussex County is located on the coastal plain bor-
dered on the north by Kent County, Delaware, on the
east by the Atlantic Ocean, and on the south and west
by Maryland. Elevation ranged from 0 to 21 m above sea
level [18], with little regional variability. Land cover in the
study area was 22% upland forest, 22% forested wetland,
15% development, and 41% agriculture; primary crops
were corn, soybeans, and wheat [19].

The estimated deer density in Sussex County was 19.4
deer/km? [20]. Sussex County lacks established popu-
lations of natural predators of white-tailed deer (e.g.,
coyote [Canis latrans], bobcat [Lynx rufus], black bear
[Ursus americanus]) [21]. Parturition events during our
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study occurred between 09 May and 23 June in 2016 and
2017, during which daily temperatures averaged a high of
35°C and a low of 3 °C [22].

Methods

Animal capture and handling

We deployed 44 (2015-2016: n=20; 2016—2017: n=24)
rVIT systems (Model M3930U, Advanced Telemetry
Systems, Isanti, MN, USA) on adult female white-tailed
deer between December and April. We captured deer
using rocket nets baited with whole kernel corn [23].
Once captured, we physically restrained and blindfolded
each deer before delivering an intramuscular injection
of xylazine (0.5 mg/kg) for chemical immobilization. We
estimated age using tooth replacement and wear [24] and
deployed rVITs in all females> 1.5 years old. Although
the accuracy of tooth replacement and wear methodol-
ogy has been criticised for deer > 2 years old [25], fawns
and individuals > 1.5 years old can be differentiated with
reasonable certainty [26]. We implanted the rVITs to a
depth of 20 cm [6, 15]. Once rVIT implantation was com-
pleted, we reversed animals with an intramuscular injec-
tion of tolazoline (4 mg/kg), an antagonist for xylazine.
We allowed animals to recover and leave the capture area
under their own power.

Given the high rate of conceptus (0.94 [SD=0.02])
[27] in the study area among females > 1.5 years old, we
elected to forgo trans-abdominal ultrasound and inserted
all females with a transmitter, which is consistent with
the previous research [28, 29]. Operator misinterpreta-
tion of conceptus presence introduced a greater potential
for error in our study area [30] than an assumption of a
100% conception rate, and the animal welfare risks asso-
ciated with increased handling time [31, 32] outweighed
the risk of implanting a transmitter in a non-gravid
female. Furthermore, implants do not appear to result
in complications to future reproduction when retained
past the typical parturition period [33]. The University of
Delaware Institutional Animal Care and Use Committee
approved all capture and handling procedures (Protocol
#1288).

VIT monitoring

The rVIT system is equipped with a second antenna
(Fig. 1) used to communicate with a GPS collar via
UHE. The GPS collar is able to recognize parturition
events from the UHF signal, communicate the informa-
tion to an Iridium satellite network, which then notifies
the user via email. Traditionally, studies using standard
VIT technology required manual monitoring of VIT sig-
nals (typically every 6—8 h) throughout the fawning sea-
son [6, 15, 34]. The rVIT system eliminates the need for
intensive manual monitoring. Following deployment,
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Fig. 1 Traditional very-high-frequency (VHF) vaginal implant
transmitters (top) and radio-linked transmitter (rVIT; below). Note the
secondary black antenna allowing pairing of the rVIT and the GPS
collar via ultra-high-frequency (UHF) radio signal. Both transmitters
are 7.5 cm in length from the wings to the end of the housing, 1.5-cm
diameter, and the wings are 6.5-cm wide. The VHF antenna on both
transmitters is 9.5 cm, for a total transmitter length of 17 cm, and the

black UHF antenna on the rVIT is 8.5-cm long

we monitored rVIT daily for any change from the “birth
not-yet triggered” designation via an online interface.
The rVIT system provides simultaneous monitoring of all
deployed devices across the entire study area from a sin-
gle user interface and nearly instantaneous notification
(0—45 min) of a parturition event.

Once an event occurred, we received an email notifi-
cation describing the event, the collar serial number, and
the latitude/longitude coordinates of the transmission.
In 2016, we received 2 types of event notifications. A
“temperature sensor trigger” notification indicated that
the rVIT temperature had dropped below 32 °C, and a
“break in communication” notification indicated that the
rVIT had been expelled and was out of the 1.8-m range
for UHF communication or the rVIT had stopped emit-
ting a signal (e.g., battery death). In 2017, we received
both of the above notifications, as well as a “light sensor
trigger” event when the photosensor detected light, indi-
cating expulsion of the rVIT had begun [17]. We initiated
search efforts after receiving the “temperature sensor
trigger” event notification. If we discovered the rVIT out-
side of any apparent birth site, we searched the area until
we found a birth site. If we did not locate the neonates in
the immediate vicinity of the birth site, we systematically
searched the surrounding area until we found 1 or more
neonates. We used a thermal imaging camera (Scout III,
FLIR Systems, Wilsonville, OR, USA) to aid in both day-
and night-time searches [35].
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Table 1 Summary of rVIT results for both 2016 (n=20)
and 2017 (n=24) neonate capture seasons in Sussex
County, Delaware, USA

Result 2016 2017
n % n %

Expelled at birth site 12 60.0 14 583
Premature expulsion 4 20.0 8 333
Technological failure

VIT link failure 3 15.0

GPS collar failure 1 5.0

Suspected notification failure 0 0.0 2 83

For evaluation purposes, we assigned each rVIT to one
of the 3 potential outcomes: successful expulsion at birth
site, premature expulsion, or technological failure (either
rVIT link failure or GPS collar failure). We assigned the
rVIT link failure designation to systems where we con-
tinued to receive transmissions from the GPS collar but
did not receive information regarding the rVIT status.
Additionally, the GPS collar failure designation included
GPS collars that never linked with the satellites and never
transmitted data of any kind. We recorded the overall
performance results during each year and the number
of neonates captured for each rVIT that successfully
expelled at a birth site.

Results

In 2016, we observed a variety of technological malfunc-
tions and failures. Of the 20 rVIT systems deployed,
12 were expelled at the birth site (60%). In the remain-
ing 8 rVITs, we observed technological failures (n=3;
15%), a collar failure (n=1; 5%), and premature expul-
sions (n=4; 20%). In 2017, following an adjustment
of deployment protocols and design alteration by the
manufacturer, we observed none of the rVIT failures or
GPS collar failures of the previous season (Table 1). Of
the 24 systems deployed, 14 expelled at birth sites (58%)
and 8 were expelled prematurely (33%). Two (8%) of the
rVIT systems from 2017 never reported a birth event,
but hourly spatial data from both females showed move-
ments typical of a parturition event and postnatal care.
The collars continued to transmit a “birth not-yet trig-
gered” status until we manually deactivated the rVIT
link after the typical parturition period (10 July) to con-
serve collar battery life. We suspect that these rVIT sys-
tems failed to communicate a parturition event, but we
cannot confirm that parturition occurred. Both females
died from anthropogenic causes the following win-
ter, and rVITs were not present in either individual. We
classified these 2 observations as suspected notification
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failures (Table 1). Among rVITs expelled at birth sites in
both years, we did not find evidence to support a differ-
ence (t,,=0.47, P=0.64) in the mean number of neo-
nates located per VIT between 2016 (x=1.6, SE=0.3)
and 2017 (x=1.8, SE=0.3). The percentage of instances
where we located > 1 neonate per birth site was greater in
2017 (79%) than in 2016 (58%).

Discussion

The primary benefit of rVIT systems involved the
amount of time invested in monitoring efforts prior to
parturition. The rVIT self-monitoring system eliminated
the need for intensive hourly monitoring regimes leading
up to and during the fawning season. The use of rVITs
enables researchers to change the scale and scope of their
studies in three critical areas; sample size, spatial distri-
bution of study animals, and personnel requirements.
By eliminating the need for manual signal monitoring,
studies can increase sample sizes beyond what would
typically be possible during a 6-8-h monitoring win-
dow. To overcome sample size constraints resulting from
excessive monitoring costs, previous studies commonly
supplemented sample size by incorporating neonates
captured via opportunistic methods [36—38]. Reductions
in the cost of monitoring would allow sufficient sample
sizes of neonates to be captured exclusively utilizing rVIT
systems and would eliminate the bias in survival and
cause-specific mortality estimates associated with oppor-
tunistic capture methods [9, 14]. Additionally, the ability
to monitor devices remotely eliminates many spatial limi-
tations in terms of distance between marked animals on
the landscape and also reduces the number of personnel
required to monitor transmitters.

In nutrient-rich agricultural areas, the number of
fetuses/adult female is generally 2.0 [39, 40]. Given the
amount of agriculture and high rate of conceptus, we
expected similar rates of fecundity in the study area. The
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mean number of neonates located per VIT expelled at a
birth site ranges from a low of 1.3 (14 neonates/11 VITs)
[32] and 1.4 (79 neonates/56 VITs) [42] to a high of 2.0 (14
neonates/7 VITs) [43] for traditional VHF VITs, which
is similar to the rates we observed with rVITs (Table 2).
The rates of locating > 1 neonate using rVITs was slightly
greater than studies using traditional VITs (52%) [34],
although this statistic is not commonly reported. The
increased percentage of capturing>1 neonate in 2017
relative to 2016 was likely due to the addition of the
photo sensor notification, which allowed for more timely
notification of parturition events [17, 45] and a reduc-
tion in the likelihood and distance that neonates would
travel from the birth site before the researcher arrived.
While we caution researchers from attempting to locate
birth sites immediately following parturition, which may
prevent the female from grooming, feeding, and bonding
with the neonate [34], near instantaneous notification of
parturition events allows researchers to establish more
uniform search procedures that likely increase the prob-
ability of locating neonates at or near the birth site.

Manufacturer updates following the first year of
deployment, such as clarified deployment protocols,
improved hardware configuration, and the addition of
a photo sensor, resulted in an apparent reduction in the
technological failures during the following year. Rates
of premature expulsion, however, were similar between
years and comparable to previous research using tradi-
tional VITs [3, 8, 33, 43]. Given the similar dimensions
and wing design, the lack of improved retention rate was
not surprising.

The initial cost of rVIT system (approximately $600
for rVIT, $2500 for compatible GPS collar) is greater
than traditional VITs (approximately $250 for VIT, $250
for VHF collar), although most recent studies utilize
the more costly GPS collars over VHF collars regard-
less of the VIT technology used [34, 38]. Longer-term

Table 2 Summary of reported performance metrics from recent neonate survival research using traditional vaginal
implant transmitters relative to results of this study (bottom row) using radio-linked vaginal implant transmitters (VITs)

in Sussex County, Delaware, USA

Study area VITs deployed Expelled at birth  Neonates located Neonates/birth Premature >1 Neonate
site site expulsions at birth site

Colorado [3] 47 36 (77%) 60 14 11 (23%) -

Colorado [8] 147 59 (40%) 89 15 34 (23%) -

Louisiana [34] 102 46 (45%) 70 15 3 (3%) 24 (52%)

Missouri [38] 80 64 (80%) 89 14 - -

Alabama [41] 16 11 (69%) 14 13 1 (6%) -

Connecticut [42] 103 56 (54%) 79 14 - 25 (45%)

Kentucky [44] 54 45 (83%) 61 14 1 (2%) -

Delaware 44 26 (59%) 44 1.7 12 (27%) 18 (69%)
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cost savings associated with reductions in personnel
and monitoring expenses quickly justify the increased
transmitter cost when sample size is large and spa-
tial distribution of the study is wide. We observed no
improvement in the number of birth sites successfully
located using rVIT systems relative to reported rates
from studies using traditional VITs, although rVITs
may have improved the probability of locating>1
neonate.

Conclusion

If researchers elect to forgo tans-abdominal ultrasound
in the field, obtaining blood samples during adult female
capture would allow researchers to confirm concep-
tus by testing for pregnancy-specific protein B [46, 47].
Knowledge of conceptus status would have allowed us
to more accurately assess the 2 cases suspected notifica-
tion failures, and potential utilize movement behaviors
to identify parturition events [12, 13], although presence
of a fetus during capture does not necessarily indicate a
parturition event will occur. In the future, manufacturers
should focus efforts on modifications that improve trans-
mitter retention, since premature expulsion is often the
most limiting factor to sample size of captured neonates.
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