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Factors influencing the survival of neonate sharp-tailed grouse
Tympanuchus phasianellus

Alicia D. Goddard & Russell D. Dawson

Offspring survival after leaving the nest is a critical element of population viability and in the management of game

species. We estimated brood survival to 35 days and examined the factors thought to influence individual chick

survival during the first two weeks post-hatching in a population of sharp-tailed grouse Tympanuchus phasianellus

near Fort St. John, British Columbia, Canada, during 2004-2005. Using program MARK and an information-

theoretic approach, we assessed the importance of female attributes, date of hatching, distance moved from the nest

and weather conditions experienced prior to hatching and during brood-rearing for survival of offspring. During

2004-2005, 67% of broods had at least one chick that survived to 35 days of age, but within these broods only 34%

of the chicks survived. Later hatching dates were positively related to survival during the 0-14 day age interval,

whereas the distance moved from the nest by a brood and inclement weather conditions during the first seven days

post-hatching significantly reduced the survival rate of chicks to 14 days of age. Further, inclement weather prior to

hatching was positively related to the survival of offspring to 14 days, perhaps because wet weather created favour-

able foraging environments and habitat characteristics during brood rearing. Cohesive management of nesting and

brood-rearing habitats is required to reduce offspring mortality associated with increased travel between suitable

habitats, and may minimize mortality during periods when weather is unfavourable.
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Success during the nesting period is one of the most
important factors affecting reproductive success and
populationgrowth inbirds (Bergerud1988,Hudson
& Rands 1988). However, offspring survival after
leaving the nest is also a critical element of popu-
lation viability andmanagement of species (Aldridge
& Brigham 2003, Panek 2005). Relatively little in-
formation exists on the factors affecting survival of
avian offspring after nest departure, largely because
of the difficulty in accurately measuring survival of

chicks and determining sources of mortality in se-
cretive and mobile species (Johnson et al. 1992,
Rotella & Ratti 1992). Survival of precocial off-
spring is, however, oftenmost influenced by chilling
from inclement weather or poor female attentive-
ness, predation or starvation (Bergerud 1988, John-
son et al. 1992).

In precocial species such as grouse, chicks are
susceptible to environmental conditions because of
their inability to thermoregulate until approximately
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eight days of age (Erikstad & Spidsø 1982). Poor
weather conditions experiencedduring thehatching
period can directly result in mortality of chicks and
even complete brood loss (Flanders-Wanner et al.
2004). Chicks may also starve during poor weather,
as cool and wet conditions result in increased time
spent brooding and, therefore, less time spent for-
aging (Erikstad & Spidsø 1982, Erikstad 1985). In
addition, weather conditions can indirectly affect
offspring survival by influencing the abundance and
availability of insects, which are the primary foodof
gallinaceous chicks through their first week of life
(Erikstad 1985). Habitat conditions can also affect
survival of chicks by creating suitable foraging en-
vironments and high-quality cover characteristics
that allow them to avoid predation (Bergerud 1988,
Hagen et al. 2005), which is likely the ultimate cause
of most offspring mortality in gallinaceous and wa-
terfowl species (Riley et al. 1998, Pietz et al. 2003).
Populations of sharp-tailed grouseTympanuchus

phasianellus in the Peace River region of northeast
BritishColumbia,Canada,are thought tohavebeen
decreasing over the past several decades, but the
cause of this decline is unknown (British Columbia
Ministry of Environment, unpubl. data). Our spe-
cific objectives were to: 1) measure the success of
broods of sharp-tailed grouse from hatching until
independence, 2) determine survival rates of indi-
vidual chicks at various ages during brood rearing,
and 3) identify the importance of female body con-
dition and age, weather conditions, hatching date
and brood movements for survival of individual
offspring.

Material and methods

Study area
Our study was conducted in a 320-km2 area located
approximately 35 km southeast of Fort St. John,
British Columbia, Canada, and encompassed the
upland areas and river breaks at the confluence of
the Beatton and Peace Rivers (56x11'N, 120x25'W;
ca 600 m a.s.l.). The study area was located in the
Aspen Parkland Ecoregion (Meidinger & Pojar
1991), althoughmuch of the area had been convert-
ed to agricultural land use including cereal crops, a
variety of hay crops and pasture-land for livestock.
Aspen Populus tremuloides forests, mixed aspen-
white spruce Picea glauca forests, and black spruce
Piceamarianamuskegbogsexist inpatchesamongst
large-scale agricultural developments. Along the

south and west-facing river breaks, there was a
strong influence of natural shrub and grassland
communities. Sharp-tailed grouse were reasonably
abundant, andmultiple lek sites existed in the study
area.

Field techniques
During April-May of 2004 and 2005, we captured
sharp-tailed grouse on nine different leks through-
out the study area using walk-in traps (Schroeder &
Braun 1991). All females captured were fitted with
15-g, necklace-style radio transmitters (Model RI-
2BM,Holohil SystemsLtd.,Carp,ON).We record-
ed bodymass and length of the wing chord for each
bird, and used the residuals from a reduced major
axis regression ofmass against length of wing chord
as an index of female body condition (Green 2001).
Femaleswereagedaseither intheir secondyear (SY)
or after-second year (ASY), based on the shape and
degree of fraying of the ninth and tenth primary
feathers (Bihrle 1993).

We located nests by flushing each marked female
onaweeklybasis until anestwas found.Toestimate
date of hatching, we recorded stage of incubation
using field candling techniques (Weller 1956). We
considered a nest successful if we observed evidence
of detached shell membranes, indicating that amin-
imum of one egg had hatched (Klett et al. 1986).
Once eggs hatched, we estimated the survival of
chicks by flushing females and their broods on a
weekly basis from age seven to 35 days. Beyond 35
days of age, the likelihood of chick dispersal from
the brood increases, and quantifying survival past
this agemayprovidebiased informationasdispersal
could be mistaken as chick mortality. We assumed
that chicks not observed during a flush count were
dead, but because not all chicksmay take flight, our
measures of survival of individual chicks represent
the most conservative estimate of the number of
chicks alive.

Data analyses
We used two measures of offspring survival in our
analyses. First, we examined overall brood success,
definedas theproportionofbroodswithaminimum
of one chick alive, for the entire brood-rearing pe-
riod (i.e. from hatching to 35 days of age). We ex-
amined the effects of year, age of the female andnest
attemptonfinalbroodsuccessof27broodsusingthe
G-test of independence (Sokal&Rohlf 2001).As no
femalehadtwobroods inoneseason,wewereable to
use broods fromboth first nests and renests without
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committing pseudoreplication. Two females were
monitored over consecutive breeding seasons, and
as such, contributed brood-rearing data in both
study years. We included data from both years for
these females in our analyses, as our results did not
change qualitatively compared to when data were
analyzed with only one brood from each female.
Second, we examined the survival of 234 indivi-

dual chicks in 22 broods fromhatching to 35days of
age. We first tested whether variability existed in
chick survival with respect to brood age and year
using the known-fate model and logit-link function
inprogramMARK(White&Burnham1999,Paasi-
vaara & Pöysä 2007). Our candidate model set in-
cluded fourmodels: 1) S(brood age), 2) S(brood age)(year),
3) S(year), and 4) S(constant). We used four intervals in
our analysis (0-14, 15-21, 22-28 and 29-35 days).
Because chicks are flightless at seven days of age
andrelyon surroundingvegetation for concealment
(Hagen et al. 2005), we were unable to accurately
count the number of surviving chicks at seven days
ofage.Therefore,weassessed survival for theperiod
0-14 days, at which time chicks can be counted as
they take flight (Haulton 1999). Differences in sam-
ple sizes between analyses of brood and chick sur-
vival were due to missing individual covariate data
for five broods, which were excluded from chick
survival analyses tomaintain consistencywhen com-
paring models (White & Burnham 1999).
Although somemortality was observed in the 15-

21and29-35dayintervals (seebelow), thenumberof
chicks that died in each of these intervals was rel-
atively small (17 and four chicks, respectively). We
therefore chose to focus further analyses on survival
through the first two weeks post-hatching (0-14
days). We again used the known-fate model and
logit-link function in program MARK (White &
Burnham 1999, Paasivaara & Pöysä 2007). We de-
veloped 23 a priori candidate models that included
all two-way additive combinations of female age,
female body condition, date of hatching, distance
a brood moved from the nest site during the first

seven days post-hatching, and two weather vari-
ables (Table1).Distancemovedwasestimatedasthe
straight-line distance from the nest site to the lo-
cation of the brood at the seventh day flush count
using a geographical information system.Ourweath-
er variables encompassed two periods hypothe-
sized to influence chick survival: 1) pre-hatching
weather conditions and 2) weather conditions dur-
ing the first seven days of life.We hypothesized that
weather conditions experienced 10 days prior to
hatching would indirectly affect the survival of off-
springby influencing theabundanceandavailability
of forage and habitat conditions after hatching
(Flanders-Wanneretal.2004). Inaddition,wechose
to model weather conditions during the 0-7 day
interval because evidence suggests precocial chicks
are most susceptible to inclement weather condi-
tions during the first seven days post-hatching (Men-
denhall&Milne1985,Steenetal. 1988).Dailyweath-
er data (mean daily temperature, mean daily rain-
fall and totaldailyhoursof rain)wereobtained from
the nearest Environment Canada weather station
(FortSt. JohnAirport;EnvironmentCanada2006),
locatedapproximately35 kmnorthwestof thestudy
area. Due to correlations among the three weather
variables, we used principal components analysis
(PCA) to generate a single measure of weather for
each day of the study period. We defined the study
period as beginning 10 days prior to the earliest nest
initiationdate andendingwhen the latest broodwas
35 days of age in each year, a period of 227 days,
pooling data from 2004 and 2005. The first com-
ponent (PC1) explained 61.7% of the variation, an
acceptable value for 3 eigenvalues (Frontier 1976,
Jackson 1993). PC1 was positively correlated with
meandaily rainfall (r=0.94,N=227) and total hours
of rain (r=0.94,N=227), andwasnegatively related
tomeandailytemperature(r=-0.29,N=227).There-
fore, positive PC1 values generally represented cool
andwetweatherconditions.WeaveragedPC1values
for the10-dayperiodprior tohatchingandthe7-day
period post-hatching for each brood.

Table 1. Descriptive statistics of individual covariates included in models to assess survival of sharp-tailed grouse chicks during the
0-14 day interval in northeast British Columbia during 2004-2005.

Covariate

Mean
-------------------------------------------

Range
------------------------------------------------------------

x̄ SE Minimum Maximum

Female body condition (residuals) 2.94 8.01 -94.84 76.13

Hatching date (Julian days) 170.78 2.55 158.00 202.00

Distance from the nest during 0-7 day interval (km) 0.52 0.08 0.04 1.32

Pre-hatching weather conditions (PC1 scores) 0.08 0.09 -0.61 1.31

Weather conditions during 0-7 day interval (PC1 scores) -0.11 0.10 -0.85 0.85
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To determine which candidate models best ex-
plainedvariation inthesurvivalofchicks inbothsets
of analyses (overall, and during the 0-14 day inter-
val), we compared themodels usingAkaike’s Infor-
mation Criterion corrected for small sample sizes
and overdispersion in the data (QAICc; Burnham
& Anderson 1998). Overdispersion can be caused
by within-brood dependency, resulting in under-
estimation of the true sampling variance (Pelayo &
Clark 2003). To compensate for overdispersion, we
estimated the variance inflation factor (ĉ) by per-
forming 1,200 parametric bootstrap simulations on
the S(brood age) model using the median ĉ test in pro-
gram MARK (White & Burnham 1999). The esti-
mated ĉ (2.80¡0.22) was used for adjusting AICc

values during model selection. For analyses of sur-
vival during the 0-14 day interval, each variable was
equally represented in thecandidatemodel set, sowe
summed the Akaike weight of each model contain-
ing the variable of interest to assess the relative im-
portance of each individual variable (Burnham &
Anderson 1998,Gunnarsson et al. 2006).We report
means¡1 standard error.

Results

Broodsuccess, estimatedas theproportionofbroods
with aminimumof one chick alive at 35 days of age,
was 0.67¡0.09 (N=27) during 2004-2005. Brood
successwas not significantly different between years
(G=0.38, df=1, P=0.54), first or renest attempts
(G=0.38, df=1, P=0.54) or between second-year

(SY) or after second-year (ASY) females (G=0.92,
df=1, P=0.34). Complete brood loss, where no
chicks remained alive at 35 days of age, occurred in
six broods (74 chicks; 39.78%of all chickmortality)
over the two years, with three broods lost in the first
seven days post-hatching, and an additional three
broods lost during 8-14 days of age.

Although 67% of the broods were successful, the
proportion of chicks surviving to independencewas
relatively low (0.34¡0.07). Over the two study
years, 283 chicks were hatched from 27 nests in our
studyarea.Only97of thesechickswereconfirmedto
survive to 35 days of age, for an average of 3.59¡
0.71 chicks per successfully nesting female (N=27).

Four 'main effects' models were tested to deter-
mine theeffectsofbroodageandyearonthesurvival
of chicks over the four brood-age intervals. The
top model explaining chick survival was S(brood age)

(Table 2). The rate of chick survival was lowest
(0.63¡0.04) during the 0-14 day interval and great-
est during the22-28day interval (0.94¡0.05;Fig. 1),
and did not differ between years (see Table 2).

We tested 23 covariate models for their influence
on the mean survival rate of chicks during the 0-14
day interval.ThreemodelshadDQAICc scoresj2.0
(see Table 2). Beta-values from these highest-rank-
ing models suggested that increasingly inclement
weather conditions experienced during the first sev-
endaysafterhatching(b=-2.18,SE=0.39,95%CI=
-2.95, -1.41) and the distance moved from the nest
(b=-1.04, SE=0.37, 95% CI=-1.78, -0.31) were
both negatively associated with survival of chicks
during the 0-14 day interval. Conversely, the rate of

Table 2. Quasi-Akaike’s Information Criterion (QAICc; ĉ=2.80) rankings for models of main effects, indicating the rate of sur-
vival over all age intervals, and top-ranked (DQAICc j 2.0) covariate models, estimating survival over the 0-14 day interval for
sharp-tailed grouse chicks in northeast British Columbia during 2004-2005. Effective sample size was consistent among all can-
didate models (N=234).

Model Ka QAICc DQAICc wi
b Deviancec

Main effects models

S(brood age) 5 173.12 0.00 0.94 2.65

S(brood age)(year) 9 178.74 5.63 0.06 0.00

S(constant) 2 186.33 13.22 <0.01 21.98

S(year) 3 187.47 14.36 <0.01 21.09
--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Covariate models

S(hatch date+weather during 0-7 day interval) 4 96.49 0.00 0.32 88.31

S(hatch date+pre-hatch weather) 4 96.90 0.41 0.26 88.72

S(distance from the nest during 0-7 day interval+weather during 0-7 day interval) 4 98.35 1.86 0.12 90.18

a Number of parameters in the model.
b Generalized Akaike weights that can be interpreted as the relative degree of certainty associated with each model.
c Deviance is defined as the difference in the -2(log-likelihood) of the current model and the -2(log-likelihood) of the saturatedmodel (White &Burnham

1999). In known-fatemodels of programMARK, deviance cannot be estimated for themost saturatedmodel as the -2(log-likelihood) for the saturated

model is the same as the -2(log-likelihood) for the S(group)(time) model (White & Burnham 1999).

�WILDLIFE BIOLOGY 15:1 (2009) 63

Downloaded From: https://complete.bioone.org/journals/Wildlife-Biology on 29 Mar 2024
Terms of Use: https://complete.bioone.org/terms-of-use



survival was positively related to the date of hatch-
ing (b=0.06, SE=0.02, 95% CI=0.03, 0.09) and
to pre-hatching weather conditions (b=2.86, SE=
0.52, 95% CI=1.84, 3.89). The relative importance
ofeachvariable, as indicated fromthesummationof
Akaike weights across models, was: weather during
0-7 day interval (0.71), hatch date (0.61), pre-hatch-
ing weather conditions (0.35), distancemoved from
the nest during the 0-7 day interval (0.16), female
body condition (0.12) and female age (0.06).

Discussion

Approximately 67% of sharp-tailed grouse broods
in our study area had at least one chick alive at in-
dependence in 2004 and 2005. This estimate is high
compared tomany other estimates of brood success
reported in studies of upland game birds andwater-
fowl. For example, estimates of brood success for
mallards Anas platyrhynchos ranged from 34% to
70% over different years, and averaged approxi-
mately 49% (Rotella &Ratti 1992). Conversely, es-
timates for gadwalls Anas strepera were approxi-
mately 84%to 30-days of age (Pietz et al. 2003). The
first 14 days after hatching are the most critical
for survival of precocial offspring (Bergerud 1988,
Myrberget 1988), and we found that brood mor-
tality and complete loss of sharp-tailed grouse
broods was greatest during the first 14 days post-
hatching.Similarbroodsuccess ratesduring thefirst
week post-hatching have been reported for ruffed
grouse Bonasa umbellus, where approximately 33%

of broods were lost during the first seven days, ac-
countingfor42%oftotalbroodlossfromhatchingto
independence(Haulton1999).Aninabilitytothermo-
regulate and, in the case of grouse, fly until approxi-
mately8-10daysofage increases thesusceptibilityof
precocial offspring topredation and adverseweather
conditions (Bergerud 1988).

Only 34% of sharp-tailed grouse chicks survived
to 35 days of age in our study area. This estimate
represents the lowestpossible survival rate,giventhe
difficulty in accurately counting all chicks during
flush counts. Average survival of gallinaceous off-
spring from hatching to independence has been es-
timated at 56%(Bergerud1988). In studies of ruffed
grouse, willow ptarmigan Lagopus lagopus lagopus
and grey partridge Perdix perdix, chick survival to
independence ranged from11%to71%(Myrberget
1988, Panek 1992, Haulton 1999). Survival of sage-
grouse Centrocercus urophasianus chicks to 50 days
of age in Washington was 33% (Schroeder 1997),
which is comparable to estimates for sharp-tailed
grouse in our study area.

Our results suggest that survival of chicks during
the 0-14 day interval increased asweather occurring
10 days prior to hatching became increasingly poor,
whereas survival decreased with inclement weather
during the first seven days post-hatching (see Table
2). Weather conditions are one of the most impor-
tant factors affecting chick survival, and are often
regarded as the primary explanation for annual vari-
ation insurvivalofoffspring(Blanketal. 1967,Panek
1992). Pre-hatching weather conditions can influ-
ence chick survival by positively influencing habitat
conditions (Erikstad1985).Forexample,wet condi-
tions experiencedprior tohatchingmay createmore
densely vegetated areas, which generally support a
greater abundance anddiversity of insects (Erikstad
1985, Park et al. 2001) as well as improved cover
characteristics (Erikstad 1985, Bergerud 1988). Soil
moisture during the months leading up to the peak-
hatching period has been positively correlated with
offspring survival of grouse, as soil moisture likely
increases vegetation growth, thus providing critical
cover for young (Bergerud 1988). Further support-
ing this finding, cumulative precipitation measured
from January to July was significantly associated
with greater juvenile:adult ratios in the fall for prai-
rie grouse Tympanuchus spp., indicative of higher
rates of chick survival (Flanders-Wanner etal. 2004).
We believe that wet weather leading up to hatching
maybe critical in creating favourable conditions that
increase the phenological development of plants

Figure 1. Probability (¡ SE) of survival of 234 sharp-tailed
grouse chicksduring fourage intervals (0-14days, 15-21days, 22-
28 days and 29-35 days) in the Peace River region, northeast
British Columbia during 2004-2005.
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that are important toprecocial chicks forboth cover
andasa foodsource,by supportinggreaternumbers
of insects (Bergerud 1988, Park et al. 2001).
Weather conditions can, however, affect chick

survival differently before hatching as compared to
after hatching (Steen et al. 1988). Precipitation ex-
perienced during the peak-hatching period, par-
ticularly during the month of June, is often nega-
tively correlated with offspring survival (Steen et al.
1988, Panek 1992, Flanders-Wanner et al. 2004).
This trend was apparent in the survival of sharp-
tailed grouse chicks in our study area (see Table 2).
During the 0-14 day post-hatching interval, rates of
offspring survival were lowest and complete brood
loss was the highest, and our results suggest a nega-
tive association between chick survival during the
first two weeks post-hatching and weather condi-
tions experienced during the 0-7 day interval. Simi-
lar results have also been reported for other species
ofwaterfowlandgrouse (Mendenhall&Milne1985,
Steen et al. 1988).
Cool and wet weather during the first week of life

can directly affect chick survival through increased
cooling and wetting when chicks are unable to ther-
moregulate, resulting in direct chick mortality, and
increased stress, energetic demands and predation
risk, asmanypredators activelyhuntduringperiods
of adverse weather (Mendenhall & Milne 1985).
Weather can also indirectly affect survival of off-
spring by influencing the amount of time that chicks
need to be brooded by the hen (Erikstad & Spidsø
1982). Prolonged brooding can result in a reduction
of the amount of time chicks spend foraging, and
thus can lead to starvation (Erikstad&Spidsø 1982,
Panek 1992, Roersma 2001). Weather may also in-
directly affect insect abundance and availability, as
insect activity is often lessened during cool and wet
weather (Green 1984, Panek 1992). Increased sur-
vival of chicks in two species of partridgewasdirect-
ly associated with increased temperatures during
June and July, which resulted in more favourable
conditions for young chicks as well as increased
density and activity of arthropods (Green 1984).
In addition to cool and wet weather conditions,

thedistancemovedfromthenestbybroodsofsharp-
tailedgrouseduringthefirstweekpost-hatchingwas
negatively associated with chick survival during the
0-14 day interval (see Table 2). Movement during
the brood-rearing period is common in galliformes
and some species of waterfowl (Erikstad & Spidsø
1982, Seymour & Jackson 1996). Broods that travel
generally have decreased survival (Leonard et al.

1996, Seymour&Jackson 1996) and rates of growth
(Mainguy et al. 2006) compared to more sedentary
broods. Large-scale movements between brood-
rearing areas can result in decreased time spent
broodingand foraging (Erikstad&Spidsø1982), an
increased likelihood of chick abandonment (Leo-
nard et al. 1996) and predation (Duncan 1983, Leo-
nard et al. 1996), and increased energetic demands
(Mendenhall &Milne 1985, Leonard et al. 1996), all
of which can result in increased mortality.

Although we cannot ascertain why sharp-tailed
grouse broods moved during the first week after
hatching, we observed that some broods moved
away fromnesting areas, generally located in shrub-
steppe habitats, to more agriculturally-dominated
areas that appeared to be better suited for brood-
rearing. In our study area, some of the most impor-
tant nesting habitat, in the form of shrub-steppe
complexes, occurs in small, isolated patches that are
relativelydetachedfromsuitablebrood-rearinghabi-
tats.Nestingareasisolatedfromsuitablebroodhabi-
tats may be 'sinks' that can result in low brood suc-
cess and chick survival, as broods can suffer losses
when travelling to more desirable brood-rearing
areas (Seymour & Jackson 1996, Aldridge 2005).
The pattern in which a female selects a nest site
(Leonardetal. 1996)combinedwith isolatednesting
areas (Seymour& Jackson 1996)may result in great-
er brood movements, contributing to decreased sur-
vivalofneonatesharp-tailedgrouseinourstudyarea.
Nonetheless, we also observed that broods, which
hatched in agricultural areas with good vegetative
cover, still made large-scale movements away from
the nest site. Further research is required to fully
understand the proximate causes of movement of
broods on the survival of offspring.

Hatching date was also an important variable
influencing the survival of chicks.Decreased success
among later-hatchingoffspring isacommonpattern
exhibited by a diverse array of temperate-breeding
bird species (Verhulst &Nilsson 2008). Our results,
however, suggested that sharp-tailed grouse hatch-
ing later in the season had higher survival than early
offspring. Similar results were reported by Dawson
&Clark (1996) for lesser scaupAythya affinis duck-
lings, which they attributed to seasonally increasing
food abundance that enhanced survival of later-
hatched ducklings. Seasonal changes in food abun-
dance, as well as weather conditions, may also be re-
sponsible forhigher survival of late-hatchinggrouse
in our study. Despite the apparent survival advan-
tage of later hatching in lesser scaup, Dawson &
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Clark (2000) subsequently showed that late duck-
lingshad slower ratesofgrowthandreduced ratesof
recruitment to the breeding population in compari-
son to early hatched young. Unfortunately, we did
not individually mark each chick, so we could not
determine the fitness consequences of hatching date
for sharp-tailed grouse.

Conclusions

It is apparent that date of hatching, weather con-
ditions and distance moved from the nest are im-
portant determinants of the survival of offspring.
Although weather conditions cannot be controlled,
management practices should be used to enhance
habitats that create a greater abundance and avail-
ability of insects as well as increased cover to maxi-
mize survival of chicks (Bergerud 1988, Park et al.
2001). Further, we suggest that nesting and brood-
rearing habitats be managed cohesively to decrease
the likelihood of chick and brood mortality experi-
enced during large-scale movements away from the
nest.
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