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Environmental and behavioral factors affect northern bobwhite 
offspring survival

Kyle D. Lunsford, Thomas B. Roberts, Theron M. Terhune and James A. Martin

K. D. Lunsford, T. B. Roberts and J. A. Martin ✉ (jmart22@uga.edu), Univ. of Georgia, 180 E. Green Street, Athens, GA 30602, USA. – T. 
M. Terhune, Tall Timbers Research Station and Land Conservancy, Tallahassee, FL, USA.

Many environmental and behavioral factors can affect offspring survival, and these factors can vary by species. Paren-
tal investments, defense or distraction displays, and translocation can potentially affect survival of young. Alterations in 
parental investment strategies may carry implications for population growth due to lower offspring survival in translocated 
bobwhites. We hypothesized that translocation would not impact brood defense behaviors in bobwhites as predator com-
munities may be similar between donor sites (Florida) and release sites (North Carolina). However, we hypothesized that 
brood defense behaviors affect offspring survival rates. We conducted defense behavior observations by approaching brood-
rearing bobwhites and recording exhibited behaviors, and assigned scores based on behavioral intensity. We used the corral 
capture method and modified-suture technique to capture and radio-tag bobwhite chicks. Brood defense behaviors did not 
differ between resident and translocated bobwhites. We observed seven different brood defense behaviors: fly away, run, 
labored flight, labored flight with broken wing display, run with broken wing display, hold tight and approach behaviors. 
We found that time-varying precipitation and behavioral intensity affected bobwhite chick survival. These results indicate 
that translocation does not impact brood defense behaviors due to behavioral similarities between resident and translocated 
cohorts. These results portend that some variation in annual chick mortality cannot be mitigated by habitat management. 
We also provide evidence that translocation does not alter/suppress important behavioral patterns in bobwhite, indicating 
it is a viable method for restoring bobwhite populations in conjunction with habitat management.

Keywords: brood defense, Colinus virginianus, northern bobwhite, offspring survival, parental investment, predation

Parental investment is the allocation of resources to behav-
iors that increase chances of offspring survival, while possibly 
lowering its own survival and future reproductive opportuni-
ties (Trivers 1972, 1974). Parental investment strategies vary 
across species whereas tradeoff decisions allocate parental 
care between current and future offspring (Williams 1966). 
Costs of reproduction, reduced survival and foregone future 
reproduction may drive variation in parental investment 
strategies of breeding birds (Dawkins and Carlisle 1976, 
Reznick 1985). In northern bobwhites Colinus virginianus, 
parental investment behaviors include finding mates, nest 
building, egg production, incubation, brooding (offspring 
thermoregulation), anti-predator vigilance and defense/
distraction behaviors (Stoddard 1931, Sandercock 1994, 
Ellis-Felege  et  al. 2013). Defense behaviors may represent 
conflicting strategies in brooding adults – the choice to  

protect offspring during predator encounters and increase 
predation risk to themselves or to evade predators and 
increase their own survival (Andersson  et  al. 1980, Lima 
and Dill 1990). These behaviors may carry implications for 
population dynamics because individual heterogeneity in 
survival and reproduction can explain population level varia-
tions in demography (Gangloff et al. 2018).

Brood defense behaviors are intended to decrease the like-
lihood of chick mortality and increase one’s fitness (Greig-
Smith 1980, Blancher and Robertson 1982, Wiklund 1990). 
These behaviors are intended to momentarily increase con-
spicuousness to themselves by diverting the predators’ 
focus away from vulnerable offspring and onto the adult(s) 
(Armstrong 1954, Watson and Jenkins 1964). Nest and 
brood defense behaviors have been documented in a vari-
ety of altricial and precocial bird species and include: call-
ing, fleeing, ‘broken-wing’ displays, attacks, concealment, 
altered flights and altered gaits (Armstrong 1954, Watson 
and Jenkins 1964, Martin 1984, Knight and Temple 1988, 
Ellis-Felege et al. 2013). In precocial birds, a type of ‘bro-
ken-wing’ distraction display (Armstrong 1954, Hudson and 
Newborn 1990) attempts to lure predators away from their 
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offspring. As such, the tradeoffs between investing in current 
offspring, future offspring and parent survival may be shaped 
by characteristically long breeding seasons (Roseberry and 
Klimstra 1984, Burger et al. 1995a).

Bobwhites have a complex mating system (Curtis  et  al. 
1993, Burger et al. 1995b) and exhibit flexible reproductive 
strategies to increase fitness such as varying levels of paren-
tal investment or offspring defense. Defense behaviors may 
operate along a continuum ranging from minimal displays 
(investment in future offspring/parent survival) to intense 
displays (investment in current offspring). Reproductive cost 
may outweigh perceived predation risk inciting instanta-
neous parental behaviors regarding protection of offspring 
during predator encounters (Dawkins and Carlisle 1976, 
Smith 1977, Andersson et al. 1980). Early nest failure(s) cou-
pled with limited time to successfully reproduce may elicit 
riskier behaviors such as defending young. In contrast, long 
breeding seasons (Klimstra and Roseberry 1975, Roseberry 
and Klimstra 1984, Burger et al. 1995b) individuals may not 
defend current offspring early in the season to defer invest-
ment to future offspring (within the same season). However, 
high mortality rates (Burger et al. 1995a, Cox et al. 2004, 
Terhune et al. 2007) jeopardize future reproductive oppor-
tunity and may encourage allocation of parental defense to 
current offspring.

The intersection of parental investment and predation 
risk underscores the influence that extrinsic factors may have 
on reproductive success and population growth. The gravity 
of behaviors on fitness may be exacerbated by translocation 
into novel landscapes such that awareness of predation risk 
and fecundity is relatively diminished in a new environment 
(Yoder et al. 2004, Kaler et al. 2010). This may be manifested 
in translocation events where behavior of translocated indi-
viduals differs from residents given their past experience(s) 
or lack thereof (Sih et al. 1998). Successful translocations are 
predicated on both survival and reproduction, but inexperi-
ence with on-site conditions following release may adversely 
affect parental investment behaviors of translocated birds, 
resulting in offspring survival consequences.

In addition to the effects of behavior, environmental 
factors can affect survival of precocial young (Erikstad and 
Andersen 1983). For example, Terhune et al. (2019) found 
that rainfall had a negative effect on bobwhite chick survival. 
Rainfall could affect foraging leading to reduced growth lim-
iting their ability to escape predators (Erikstad and Spidsø 
1982, Erikstad and Andersen 1983). It could also improve 
their detection by predators by amplifying scent or increas-
ing predator movements. Moreover, it could have direct 
effects on survival through hypothermia as rainfall is often 
associated with cooler temperatures (Korschgen et al 1996). 
Furthermore, we included the influence of rainfall in our 
models as we expected it to possibly mediate the influence 
of parental behaviors – the latter being the main focus of 
this study.

Despite bobwhites being one of the most studied game 
birds, scant information currently exists on brood defense 
behaviors for the species. As such, a goal of this study 
was to document these behaviors in brood-rearing and to 
complement known nest defense behaviors for bobwhite 
(Ellis-Felege  et  al. 2013). In addition, as part of a larger 

translocation effort, we evaluated bobwhite offspring defense 
behaviors for translocated birds compared to resident birds 
to better understand offspring survival of translocated birds. 
Knowing the similarities in the behaviors and subsequent 
survival of offspring will inform future bobwhite popula-
tions. If the behaviors and survival were found to be differ-
ent, the source of translocated birds would be in question. 
However, in this case we expected that translocation would 
not affect individual offspring defense behaviors. Although 
translocated bobwhites were moved across several states 
(Florida to North Carolina), the suite of predators at both 
release and donor sites are largely the same indicating similar 
selective pressures on offspring defense behaviors. However, 
we predicted that brood defense behaviors will impact sur-
vival rates of northern bobwhite chicks irrespective of group 
(translocated, resident). This knowledge will help to inform 
bobwhite brood ecology, reintroduction biology and paren-
tal investment theory.

Material and methods

Study area

Our study occurred on a private property in Brunswick 
County, North Carolina, USA. The study site was located in 
the Carolina flatwoods ecoregion (Griffith et al. 2002). Tem-
perature ranges for Brunswick County, NC are 18–34°C in 
June through September (National Climate Data Center, 
National Oceanic and Atmosphere Administration). Aver-
age daily rainfall during the breeding season on our study 
site was 0.63 cm (0–20.4 cm) per day in 2016, and 0.50 cm 
(0–5.54 cm) per day in 2017 (National Climate Data Cen-
ter, National Oceanic and Atmospheric Administration). 
Our study site was 2586 ha and contained a mixture of pine 
flatwoods, savannas, hardwood drains, pocosins and Caro-
lina bays (Griffith  et  al. 2002). Pine flatwoods and savan-
nas were predominantly longleaf pine Pinus palustris with 
some loblolly pine P. taeda and live oak Quercus virginiana 
that were thinned to a basal area of 1.2–2.4 m2 ha−1 a to 
promote herbaceous understory growth. Understory spe-
cies in upland areas include wiregrass Aristida stricta, little 
bluestem Schizachyrium scoparium and a variety of shrub 
species including huckleberry Gaylussacia spp., wax myrtle 
Myrica cerifera and gallberry Ilex glabra. The property was 
used for timber and pine straw and timber production until 
2011 when a restoration of longleaf pine-savanna began 
which included planting of native warm-season grasses, 
timber thinning, prescribed fire, mowing, hardwood con-
trol, supplemental feeding, fallow field management and 
meso-mammal trapping (Jackson  et  al. 2018). All source 
areas were located in the Red Hills region of northern Flor-
ida and have long practiced intensive habitat management 
for bobwhites. Management prescriptions of source sites 
include maintenance of low basal area upland pine forests 
(e.g. 3–9 m2 ha−1) dominated by shortleaf P. echinata and 
loblolly pines. Prescribed fire (two-year return interval) 
and mechanical control (mowing, roller-chopping, herbi-
cide, etc.) are used to maintain early successional vegetation 
communities such as bunchgrasses Andropogon spp., forbs  
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Solidago spp., Chamaecrista fasciculata, Ambrosia artemisifolia 
and blackberry Rubus spp. Hardwood hammocks/drains and 
annually disked fallow fields were also interspersed through-
out the landscape (Staller et al. 2005, Ellis-Felege et al. 2012, 
Jackson et al. 2018).

Capture

We captured resident bobwhites during spring (March) and 
winter (December) trapping periods, 2016–2017, using 
‘walk-in’ style funnel traps baited with wheat or corn. We 
used pine limbs to cover traps to provide concealment from 
avian and mammalian predators, and to reduce stress on 
captured bobwhites (Terhune  et  al. 2007). We identified 
adult/juvenile bobwhites by examining primary coverts 
(Petrides and Nestler 1943) to locate buff-white tips (indi-
cates juvenile), and inspected superciliary and throat patch 
coloration to determine sex. We attached 6 g (< 5% body 
weight) necklace-style radio transmitters (Holohil Systems, 
Carp, Ontario, Canada) to a subset of captured bobwhites 
(≥ 132 g) after collecting morphometric (e.g. wing chord 
length, tarsus length and mass). Trapping methodologies 
were identical for donor and source sites.

Translocation of bobwhites occurred annually (n2016 = 266, 
n2017 = 270) over the two-year study from three properties 
in Red Hills region of northern Florida. Two of our source 
sites were in Leon County, FL and the third source site was 
in Jefferson County, FL approximately 32 km away. Trans-
portation methodology followed protocols outlined in Ter-
hune  et  al. (2010). Release points at our donor site were 
located near the centroid of each release area to reduce the 
chance of individuals leaving the study site.

Telemetry

We tracked bobwhites during the breeding season (1 April–1 
October) at least 2–3 times per week using the homing 
method (White and Garrott 1990, Kenward 2001). Lotek 
telemetry receivers (Lotek Wireless, St. Johns, New Found-
land, Canada), and hand-held 3-element Yagi antennas were 
used to locate radio-collared bobwhites throughout the 
study. We kept homing distances to around 25 m to accu-
rately classify habitat information, reduce location bias and 
minimize disturbance. We determined nest sites when radio-
tagged bobwhites were found in the same area on consecutive 
locations and marked them by tying flagging tape to vegeta-
tion approximately 2–3 m on either side of estimated loca-
tion. Nest sites were checked daily from about 25 m away 
to ensure proper fates (i.e. hatch, depredated or incubating) 
were assigned and to obtain egg counts during recess periods 
of incubating birds. Hatched nests were determined by the 
presence of ≥ 1 pipped egg in or near the nest location.

Brood captures

Brood capture, chick data collection and radio-telemetry 
methodologies are outlined in Lunsford et al. (2019). Broods 
of radio-tagged bobwhites were captured when estimated 
chick ages were 4–6 and 11–16 days. Brood location, cor-
ral construction and chick handling methods were similar 
to the techniques outlined in Smith  et  al. (2003). Briefly, 

we located the roosting brood several hours before sunrise 
and then constructed a corral around the roosted brood. 
Our corral design used panels that were 0.9 m tall to pre-
vent escape by chicks with advanced flight abilities and older 
chicks that could have been adopted by the brooding parent. 
We extended the length of panel cross-members (to 30 cm) 
to ensure corral rigidity in loose soils and uneven ground at 
capture sites. Brood locations were usually determined using 
radio-telemetry, however, FLIR E-Series forward-looking 
infrared cameras (hereafter, FLIR) (FLIR Systems, Wil-
sonville, OR, USA) were used to find exact locations when 
vegetation structure allowed. The FLIR also helped locate 
non-radioed adults during brood captures to prevent prema-
ture flushing during corral construction (causing a capture 
failure). We also used the FLIR to locate any missed chicks 
(e.g. chicks that were hidden in residual vegetation) during 
brood captures. At sunrise vegetation was removed by hand 
within the corral to more easily capture chicks.

We used a 30 g spring scale to measure mass of all cap-
tured bobwhite chicks. We measured left wing chord and 
tarsus lengths with stainless steel calipers (Anytime Tools, 
Granada Hills, CA). We used permanent markers to assign 
unique identifiers (color coded markings) to the chin of bob-
white chicks at early (4–6 days) brood captures. We used 
banding pliers to attach patagial wing tags (National Band 
& Tag Co., Newport, KY, USA) with a unique identification 
number to the right wing of captured bobwhite chicks at 
older (11–16 days) captures. We recorded injuries, disease 
symptoms, escaped chicks and other important observations 
in the comments section of capture records. We also docu-
mented suspected brood mixing (determined by size and 
development disparities among offspring and lack of perma-
nent marker colorations) and number of adults present at 
capture. A subset (n ≈ 5) was selected to receive backpack-
style (0.7 g) micro-transmitters (American Wildlife Enter-
prises, Monticello, FL). We sutured micro-transmitters onto 
the interscapular region of chicks using the modified suture 
technique. This method is similar to the suturing technique 
used in Burkepile  et  al. (2002). However, this technique 
places the dorsal end of transmitter perpendicular to the 
shoulder midline (lower attachment point), uses smaller 
needles, suture material, different knots and trimmed anten-
nas (Terhune et al. 2020).

Brood defense

We conducted brood defense encounters when chicks of each 
brooding bobwhite were 2–4 days old. Broods were only 
approached once to minimize any impacts on survival. We 
performed defense encounters in the late morning to early 
afternoon to allow vegetation dry out and when no rain was 
predicted in the immediate (≤ 2–3 h from encounter time) 
forecast. These precautions were taken to avoid any mortal-
ity associated with hypothermia. We located brooding adults 
using radio-telemetry and slowly approached the brood 
until we were in the immediate area (10 m). After brood-
ing adults were encountered, observations and data collec-
tion began. Data collected during encounters included: all 
exhibited behaviors (Table 1), call decision (yes/no), escape 
decision (yes/no), number of adults present, group (resident/
translocated), sex, band ID, radio frequency and release area. 
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Brooding adults were pursued about 10 m from encounter 
locations then observations were ended. If multiple adults 
were present, we made all efforts to record behaviors of 
each bobwhite present with the brood. After observations 
were completed, we immediately documented all behaviors 
in a written account, so observed behaviors and encounter 
details were recorded accurately. The same observer collected 
all of the information. Visibility limitations due to veg-
etation, multiple adults (displaying in opposite directions, 
etc.) or other obstacles were noted in the comments after 
encounters were completed. Once data recording was com-
plete, we immediately left the area so brooding adults could 
reunite with chicks without further interference. We scaled 
defense behaviors (scale: 1–7) based on subjective evaluation 
(observer) of risk/intensity (Table 1). We summed defense 
behavior values to create a cumulative score based on all 
exhibited behaviors of all brood-rearing bobwhites. For 
example, an adult that made an aggressive ‘approach’ to the 
observer received a score of 7. If that bird also ran with a bro-
ken wing (a score of 6) the cumulative score would have been 
13. Multiple adults exhibiting behaviors increased scores for 
the respective behaviors displayed for each adult and then 
summed. For example, two adults running with a broken 
wing would result in a score of 12.

We used non-metric multidimensional scaling (NMDS) 
to explore ‘defense behaviors’ (Kruskal 1964). Brooding 
behaviors were coded a ‘1’ if performed during an encounter, 
or a ‘0’ if they were not. NMDS was used to find correla-
tions among multiple behaviors (n = 7; Table 1) to determine 
if brooding bobwhites exhibit different behavioral patterns 
to deter predation. Defense behaviors were analyzed by 
brood. We used the ‘vegan’ package in R (<www.r-project.
org>) to create a rank-order dissimilarity-matrix based on 
pairwise comparisons of defense behaviors to develop cor-
relations (organized by encounters) based on Bray–Curtis 
distance coefficients. Once dissimilarity matrices are gener-
ated, then brooding parents (along with defense behaviors) 
are randomly placed in ordinal space. Algorithms, ran itera-
tively, were used to refine the ordinal placement of parents 
and behaviors until ordinal distances closely match the rank-
order distances from the original dissimilarity matrix. We 
then obtained ordinal values of defense behaviors of each 
brood-rearing parent. We used the ‘envfit’ function in the 
‘vegan’ package in R to determine which brood defense 

behaviors and characteristics significantly (α = 0.15) affected 
ordinations of defense behaviors of brood-rearing bobwhites. 
We used the ‘lm’ command in R to fit linear models to ordi-
nation scores (α = 0.15) of resident and translocated bob-
whites to determine if brood-rearing strategies were differed 
among the two groups, and determine which covariates pre-
dicted ‘intensity’ of brood defense behaviors. We included 
day of breeding season, group (resident/translocated), brood 
size (number of hatched chicks), mass (at spring capture) 
and age (adult/juvenile) as predictor variables to determine 
which factors best predicted defense behavior intensity. All 
continuous variables were scaled to facilitate comprehension 
of effect magnitudes.

Survival estimation

Survival estimates were obtained from the first day chicks 
were radio-tagged until 21 days in age. We selected 21 days 
as the cut-off age because this is the life stage where adults 
are still providing parental care, and chicks have not fully 
developed flight abilities. The lack of adult-like flight abili-
ties limits the chances that chicks can escape during predator 
encounters making them more vulnerable to mortality. Our 
exposure period for each radio-tagged chick was the first day 
it entered the study sample (day of radio-tagging) until 21 
days in age. Chicks were tracked daily during this period 
of time. We estimated daily survival rates (DSR) using the 
known fates model in RMark (Laake and Rexstad 2008), 
and restricted survival probabilities between 0 and 1 using 
the logit-link function (Paasivaara and Pöysä 2007).

We included temporal sources of variation, morphomet-
ric data, precipitation data and age information in our sur-
vival analysis because they may affect chick survival; these 
variables were not our main interest but have shown to be 
informative in previous analyses (Lunsford et al. 2019, Ter-
hune et al. 2019). Morphometric measurements (mass, left 
wing chord and tarsus) were included as continuous variables 
in our survival analysis to serve as a proxy for growth. Mean 
covariate values were assigned to individuals with missing 
morphometric data (n = 23). We downloaded precipitation 
data from a land-based weather station (National Oceanic 
and Atmospheric Administration’s National Climate Data 
Center-Station ID: GHCND-US1NCBR0061, Southport, 
NC; about 17 km from study area). Our daily precipitation  

Table 1. Brood defense behaviors exhibited by northern bobwhites Colinus virginianus during simulated predator encounters conducted on 
a private property in Brunswick County, NC, USA 2016–2017. The score value indicates the subjective value each behavior was given to 
indicate the amount of parental investment (larger values = greater investment).

Score Behavior Description

1 Run Parent ran into cover immediately and did not exhibit any injury-feigning or flight 
behaviors.

2 Fly away Parent flew away from the immediate area of the brood and exhibited no injury-feigning 
or distraction displays.

3 Labored flight Parent exhibited a short, labored flight and landed near the encounter area. 
4 Hold Parent did not exhibit any distraction or defense displays until observer(s) were within  

1 m of location. 
5 Labored flight with broken-wing display Parent exhibited ‘Labored flight’ behavior described above, while exhibiting the 

injury-feigning ‘broken-wing’ display.
6 Run with broken wing display Parent went into a labored run while exhibiting the injury-feigning ‘broken-wing’ display.
7 Approach Parent bobwhite approached observers during behavioral observations. Approaches 

either happened while performing distraction displays or by simply running at 
observers. 
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data was taken from June to October, 2016–2017. We used 
daily precipitation values as time-varying covariates in our 
survival analysis. We scaled all continuous variables by sub-
tracting covariate means from covariate values and dividing 
by the standard deviation. We also coded age as a time-
varying covariate but was not scaled for interpretation of 
results and to facilitate plotting. Behavioral covariates, sub-
jective intensity score and presence of brooding parent, were 
included in the final model step to evaluate the effects of 
parental behavior on chick survival.

We evaluated the relative importance of covariates using 
sequential model fitting based on a set of candidate hypoth-
eses constructed a priori (Dinsmore  et  al. 2002, Conk-
ling  et  al. 2015). We organized candidate hypotheses into 
‘model steps’: temporal variation, group effects (translo-
cated/resident), age and morphometrics, precipitation and 
behavioral covariates. We used best fitting models from each 
step as a baseline to construct hypotheses with new covari-
ates. We began model fitting by evaluating temporal sources 

of variation in DSR of bobwhite chicks (year, hatch day). 
Additionally, we evaluated intrinsic sources of variation 
(morphometrics), precipitation (time-varying precipitation, 
significant rain days) and behavioral effects (defense behav-
ior intensity score, presence of brooding adult) in subse-
quent model steps.

Our best approximating models were chosen using small 
sample corrected Akaike’s information criterion (AICc); 
models with the lowest AICc values were considered to be 
best approximating models in each model step (Burnham 
and Anderson 1998). We evaluated model similarity using 
∆AICc values; values that were ≤ 4 AICc were considered 
similar granted they did not include an uninformative 
parameter (Burnham and Anderson 2002, Arnold 2010). 
Akaike model weights, wi (Burnham and Anderson 1998, 
Anderson  et  al. 2000), were used to evaluate the relative 
plausibility of each candidate hypothesis with the best model 
having the highest weight. We reported beta estimates, stan-
dard errors and 85% confidence intervals (CIs) for our top 

Figure 1. Graphical ordination (non-metric multidimensional scaling) of defense behaviors of resident (n = 7) and translocated (n = 10) 
northern bobwhites Colinus virginianus during simulated predator encounters conducted on a private property in Brunswick County, NC, 
USA, 2016–2017.

Figure 2. Graphical ordination (non-metric multidimensional scaling) of defense behaviors of all northern bobwhites Colinus virginianus 
during simulated predator encounters (n = 17) conducted on a private property in Brunswick County, NC, US, 2016–2017.
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model to facilitate interpretation of effect sizes and compari-
son among predictor variables (Arnold 2010).

Results

We conducted brood defense encounters on 17 bobwhite 
broods (nResident = 6, nTranslocated = 11, nadult = 6, njuvenile = 11, 
n2016 = 7, n2017 = 10) and radio-tagged 73 individual bobwhite 
chicks (nResident = 25, nTranslocated = 48, n2016 = 25, n2017 = 48) in 
2016–2017. Initially 20 broods were tagged but we cen-
sored 3 broods (nchicks = 12) from the behavior study due to 
the inability to observe defense behaviors in dense vegeta-
tion. Average brood size of resident (SD = 3.03) and trans-
located (SD = 3.56) bobwhites was 11 chicks. We observed 
10 multi-parent broods and 10 single-parent broods dur-
ing behavioral observations. Ten out of 20 sampled broods 

were amalgamated based on chin markings and growth 
disparities (mass, wing length, etc.) among chicks. We also 
recorded broods with multiple adults during brood captures 
in 2016 (nResident = 9, nTranslocated = 6) and 2017 (nResident = 2,  
nTranslocated = 4).

Defense behaviors

We did not observe any differences in brood defense 
behavior of translocated ( x̀ - NMDS 1: −0.083, NMDS 
2: −0.068) and resident bobwhites ( x̀ - NMDS 1: 0.119, 
NMDS 2: 0.098) based on ordination of defense behav-
iors (Fig. 1) and linear models (NMDS 1: p = 0.605, df = 1, 
NMDS 2: p = 0.437, df = 1). Our behavioral observations 
yielded seven different defense behaviors (Table 1) exhib-
ited by brood-rearing bobwhites: fly away [no defense/dis-
traction attempts, n = 1), labored flight (n = 1), run (n = 3), 

Table 2. Beta coefficients from linear modeling of behavioral intensity estimates based on behavioral observations of brood-rearing northern 
bobwhites Colinus virginianus on a private property in Brunswick County, NC, USA 2016–2017.

Variable Beta estimates SE T-value p-value

Intercept 12.73 4.10 3.11 0.01
Day number 4.88 2.24 2.18 0.05
Brood size 1.80 2.41 0.75 0.47
Mass 1.90 2.87 0.66 0.52
Group-translocated 1.59 5.26 0.30 0.77
Age-adult −1.22 4.00 −0.31 0.77

Figure 3. Model predicted (solid black line) and raw behavioral intensity scores (points) of brood-rearing northern bobwhites Colinus vir-
ginianus and 85% confidence limits (shaded area) across day of breeding season on a private property in Brunswick County, NC, USA, 
2016–2017.
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hold tight (n = 9)], labored flight with broken-wing display 
(n = 13), run with broken-wing display (n = 8) and approach 
(approached observer instead of fleeing, n = 2). Other 
behaviors we observed during defense encounters included  
vocalizations and escape decisions (long distance flight away 
from brood during encounter). We found six brood defense 
characteristics that predicted ordination of defense strate-
gies of brood-rearing bobwhites (Fig. 2); escape (−0.018, 
−0.999, p = 0.003, R2 = 0.53), multiple adults (−0.574, 
0.818, p = 0.001, R2 = 0.77), approach (−0.630, 0.775, 
p = 0.04, R2 = 0.36), run with broken-wing display (−0.575, 
0.817, p = 0.002, R2 = 0.59), run (0.851, 0.524, p = 0.006, 
R2 = 0.70) and flutter with broken-wing display (−0.433, 
−0.901, p = 0.147, R2 = 0.22). Only one of our predictor 
variables affected the intensity of brood defense behaviors, 
day of breeding season (Table 2, Fig. 3; βDay.Number = 4.88, 
85% CI 1.66–8.10, p = 0.05, R2 = 0.195, df = 5), based on 
linear models.

Survival analysis

The most parsimonious temporal effects model was the null 
model (Table 3) indicating there were no significant time 
trends in bobwhite chick survival over the study period. 
Other candidate hypotheses in this model step were compet-
itive (≤ 4 ∆AICc), however, covariates were considered unin-
formative based on confidence intervals overlapping zero. 

Addition of the grouping covariate (translocated/resident) 
did not improve model fit based on standard error values, 
indicating that offspring of resident and translocated bob-
whites had similar survival rates to fledging. Intrinsic sources 
of variation (age and morphometrics) did not improve model 
fit due to uninformative parameters. Inclusion of time-vary-
ing precipitation and defense behavior intensity improved 
model fit. Defense behavior intensity impacted chick  
survival. Our most parsimonious model (β0 + βPrecip + βIntensity) 
included defense behavior intensity (Fig. 4; βIntensity = 0.58, 
85% CI = 0.27–0.89) and effects time-varying precipitation 
(Fig. 5; βPrecip = −0.31, 85% CI = −0.36 to −0.14).

Discussion

We observed a plethora of brood defense behaviors that are 
consistent with the precocial bird literature. Our results indi-
cate that brood defense behaviors and environmental condi-
tions (i.e. rainfall) influence chick survival before fledging 
from adults. Aggressive defense behaviors were more com-
mon later in the nesting season and in general had positive 
effects on chick survival. As predicted, rainfall decreased 
chick survival and our approach highlights the importance 
of using time-varying weather conditions in survival analy-
ses. Our neutral prediction regarding differences in parental 
investment strategies between resident and translocated bob-

Table 3. Model selection results for daily survival rates of northern bobwhite chicks Colinus virginianus based on sequential model fitting of 
environmental and behavioral variables, Brunswick County, NC, USA, 2016–2017.

Model AICc ΔAICc wi k Deviance

Temporal variation
  Null 123.71 0 0.53 1 76.19
  Year 125.69 1.97 0.19 2 76.13
  Hatch day 125.69 1.98 0.19 2 121.65
  Year + Hatch day 127.49 3.77 0.08 3 121.40
Group 
  Null 123.71 0 0.73 1 76.19
  Translocation status 125.73 2.01 0.27 2 121.69
Age and morphometrics
  Null 123.71 0 0.22 1 76.19
  Mass 124.63 0.91 0.14 2 120.59
  Age 124.71 1.00 0.13 2 120.67
  Tarsus 125.26 1.54 0.10 2 121.22
  Left wing chord 125.57 1.85 0.09 2 121.52
  Age + Mass 125.84 2.12 0.07 3 119.75
  Age + Quadratic age 126.14 2.42 0.06 3 120.05
  Age + Tarsus 126.30 2.59 0.06 3 120.21
  Age + Left wing chord 126.71 3.00 0.05 3 120.63
  Age + Age2 + Mass 127.50 3.78 0.03 4 119.35
  Age + Age2 + Tarsus 127.68 3.97 0.03 4 119.53
  Age + Age2 + Left wing chord 128.11 4.39 0.02 4 119.96
Weather effects
  Daily precip. 118.77 0 0.89 2 114.72
  Null 123.72 4.94 0.08 1 76.19
Behavior covariates
  Daily precip. + Intensity 116.61 0.00 0.33 3 110.52
  Daily precip. + Parent + Intensity 118.12 1.51 0.16 4 109.97
  Daily precip. + Intensity + Intensity2 118.21 1.61 0.15 4 110.06
  Daily precip. 118.77 2.16 0.11 2 114.73
  Daily precip. + Parent 119.19 2.58 0.09 3 113.10
  Daily precip. + Parent + Intensity + Intensity2 119.63 3.02 0.07 5 109.40
  Daily precip. + Parent × Intensity 120.19 3.58 0.06 5 109.96
  Daily precip. + Parent × Intensity + Intensity2 121.12 4.51 0.03 6 108.80
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whites was supported due to similarities in brood defense 
behaviors between the two groups. Collectively, our results 
suggest that variation in behavior, as possibly driven by indi-
vidual heterogeneity and context (i.e. time remaining in 
breeding season), coupled with environmental constraints 
(i.e. too much rainfall) affect survival of precocial young. 
These inferences contribute to a limited body of literature 
on precocial birds because most similar work has been done 
on altricial birds. Additionally, we observed that transloca-
tion does not alter parental investment strategies of northern 
bobwhites indicating that behaviors adapted to reduce juve-
nile mortality are still expressed in reintroduced populations.

Bobwhites have similar brood defense behaviors as other 
game birds. Red grouse Lagopus lagopus scoticus, black grouse 
Tetrao tetrix and western capercaillie T. urogallus have been 
observed exhibiting similar brood defense behaviors such as 
heavy flights, injury flights, crouched runs, circling (short 
distance flight followed by alert posture), injury feigning and 
vocalizations (Watson and Jenkins 1964, Pedersen and Steen 
1985, Sonerud 1988). Our observed behaviors such as run-
ning with broken-wing display (combination of crouched 
run and injury-feigning), labored flight with broken-wing 
display (injury flight), labored flight and vocalizations were 
similar to bobwhite nest-defense behaviors reported by Ellis-
Felege  et  al. (2013). The presence of multiple adults may 
benefit parent and offspring survival due to the dilution 
of predation risk (Hamilton 1971), and confusion (Miller 

1922) of predators with multiple adults displaying distrac-
tion behaviors. We observed low rates of ‘no defense’ or 
outright fleeing behavior in brooding adults. Broods rep-
resent a successful breeding attempt that may elicit stron-
ger defense behaviors in breeding bobwhites due to energy 
already invested in finding mates, nest building, incubation 
and brood-rearing. Bobwhite chicks have cryptic coloration 
and are mobile which may increase survival chances when 
coupled with defense behaviors of brooding adults.

Our discovery that brood defense behaviors for resident 
and translocated bobwhites did not differ was not unex-
pected. Natural selection shapes behavioral strategies that 
confer fitness gains in the context of extrinsic pressures 
such as environmental constraints and predator interac-
tions (Davies  et  al. 2012). Similar predator communities 
between release sites and donor sites may potentially explain 
the lack of difference in defense behaviors in resident and 
translocated bobwhites due to taxonomic and functional 
similarities (foraging patterns and behaviors) in predator 
species (Sih  et  al. 1998). This suite of defense behaviors 
may have been selected for due to their ability to distract 
a variety predators (avian, mammals and snakes) that prey 
on offspring, while minimizing adult predation risk (Anders-
son et al. 1980). Previous research has shown that bobwhites 
are able to distinguish between predator species that repre-
sent low (small snakes, armadillos, etc.) and high (bobcats, 
large snakes, etc.) mortality risk and are able to make instan-

Figure 4. Top model predicted daily survival rate (DSR) of radio-tagged northern bobwhite chicks (solid black line) and 85% confidence 
limits (shaded area) across scored defense behaviors of brood-rearing northern bobwhites Colinus virginianus on a private property in Bruns-
wick County, NC, USA, 2016–2017.
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taneous decisions regarding the defense of offspring, while 
maximizing their own survival (Veen et al. 2000, Staller et al. 
2005, Ellis-Felege et al. 2013).

Our results indicate that intensity of defense behaviors 
impact chick survival in bobwhites. These results imply that 
risky behavior to defend offspring increases chick survival. 
Predation was the primary cause of mortality in our study 
and included a variety of snake species Coluber constrictor, 
Pantherophis guttatus, Agkistrodon piscivorous, mammals and 
avian predators. A diverse predator community may have 
produced similar patterns in brood defense behaviors among 
brood-rearing bobwhites considering species-specific preda-
tor strategies such as forage timing (diurnal/nocturnal) and 
foraging strategies (Ellis-Felege et  al. 2013). The evolution 
of offspring defense behaviors among birds in response to 
predators (Armstrong 1954, Watson and Jenkins 1964, 
Davies  et  al. 2012) may have been learned through previ-
ous predator encounters or a direct result of selective pres-
sures from multiple species (Lima and Dill 1990, Davies   
et al. 2012).

Congruent with other literature on bobwhites we found 
that rainfall negatively affected survival of bobwhite chicks 
(Terhune et al. 2019). However, the results herein do con-
flict somewhat with a Lunsford et al. (2019) that was con-
ducted in parallel to this paper. The Lunsford et al. (2019) 
paper did not find support the influence of rainfall on chick 
survival. However, the Lunsford  et  al. (2019) analysis was 
done over a longer survival period (> 90 days post hatch ver-

sus 21 days post hatch in this paper) that may have obscured 
the effects of rainfall that occurred in the first few weeks of 
life, that is, other variables affect survival later in the devel-
opment period. Also, the importance of parental behavior 
was precluded from Lunsford et al. (2019) because not all 
broods in that study were sampled as they were in this study 
not allowing the inclusion of parental behaviors. There may 
be a confounding or an interacting influence of rainfall and 
parental care that needs future study. Nonetheless, rainfall 
likely plays a direct role in survival of chicks as shown in 
other species (Gregg et al. 2007). Terhune et al. (2019) found 
that rainfall during the first 28 days since hatch had a nega-
tive influence on survival. Similar results have been found 
with other Galliformes throughout the world (Erikstad and 
Spidsø 1982, Erikstad and Andersen 1983). We used a time-
varying covariate and a linear effect of rainfall. Future studies 
should consider non-linear and threshold effects of rainfall 
and interactions with temperature in their survival models.

The results of our study have some important caveats. The 
use of humans to simulate predators during encounters may 
alter defense decisions in brooding bobwhites due to innate 
predator responses and previous encounters with humans 
(Knight and Temple 1986, Montgomerie and Weatherhead 
1988, Ellis-Felege et al. 2013). The presence of vehicles, noise 
from telemetry equipment and site profiles of observers may 
have biased defense behaviors by alerting brooding adults 
to our presence long before encounters began or habituated 
them to human disturbance over the course of a breeding 

Figure 5. Top model predicted daily survival rate (DSR) of radio-tagged northern bobwhite Colinus virginianus chicks (solid black line) and 
85% confidence limits (shaded area) across precipitation (cm) values on a private property in Brunswick County, NC, USA, 2016–2017.
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season. In addition, we only observed defense behaviors in 
early life stages, which may amplify defense intensities of 
adults due to the vulnerability of offspring. Bobwhite chicks 
at 2–4 days old lack flight capability at this life stage and are 
not able to thermoregulate without an adult (Borchelt and 
Ringer 1973, Spiers et al. 1985) making them extremely vul-
nerable to predators when separated from the parent. Thus, 
inference from our study should be limited to the early life-
stages for chicks. We only observed bobwhites once dur-
ing brooding. We may have not captured the predominant 
behavior by an adult but we likely captured the predomi-
nate behaviors between the resident and translocated birds. 
Additionally, subjective scoring of defense behavior intensity 
may not accurately reflect true risk/intensity of behaviors. 
Lastly, our sample sizes were modest necessitating replica-
tion in future studies. Future research should be directed at 
determining the effect of brood defense behaviors on sur-
vival of adult bobwhites and determining if brood defense 
behaviors are sex-specific. In addition, future research should 
also be directed at discovering other anti-predator behaviors 
of brooding bobwhites, such as spatial avoidance, movement 
patterns and vegetative cover use (Sonerud 1985). The on-
going evaluation of translocation as a population restoration 
method needs to continue discovering factors that may limit 
the success of translocation. Our research suggests that trans-
location does not suppress innate behaviors or alter parental 
investment strategies of bobwhites that are conducive to off-
spring survival.
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