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ABSTRACT 
 
 The Arctic Goose Joint Venture has established numerous priority areas of 

research for Atlantic brant (Branta bernicla hrota).  Several of these priorities focus on 

the wintering grounds, as the wintering period is often a limiting time for many species, 

especially migratory waterfowl.  Addressing these areas of research often centers on 

behavioral observations to construct subsequent time-energy models.  While waterfowl 

have qualitatively been shown to be active nocturnally, limited research has addressed 

incorporating this activity into time-activity and daily energy expenditure models. Thus, 

popular assumption promotes that observed diurnal behavior is representative of 24 hrs.  

As a result, my objectives were to 1) directly quantify the behavioral dynamics of 

wintering Atlantic brant within the 24 hr period inclusive of morning crepuscular, 

diurnal, evening crepuscular, and nocturnal periods along southern coastal New Jersey, 

USA, 2) determine if environmental variability (e.g. freezing temperatures, wind, snow 

cover, ice cover, etc.), or anthropogenic pressure (e.g. hunting disturbance) affect time 

spent in different behaviors across the 24 hr period, and 3) evaluate the effect of hunting 

and non-hunting areas on brant behavior both during and outside the Coastal Zone 

waterfowl hunting seasons. 

 I observed brant during October-February 2009–2010 and 2010–2011, across 

their main wintering grounds along the Great Bay estuary of southeastern coastal New 

Jersey.  I conducted behavioral observations using an instantaneous scan method across



x 

two different combinations of 6 hr observation periods, effectively covering the 24 hrs of 

a day.  These observations were paired across either a diurnal and nocturnal period or 

morning and evening period inclusive the respective crepuscular periods, thus effectively 

being matched over a given day’s tide cycle.  Explanatory environmental variables, as 

well as hunting location and season data, were also collected to model against the 

collected behavior data. 

 During two years of observation, I collected observation data in a total of 5,682 

instantaneous scans.  Because of the close association of instantaneous scans (10 min), I 

tested for effects of pseudoreplication with the use of a semivariogram.  I found that 

samples were not independent for up to four consecutive scans and thus averaged 

consecutive scans across 40 min.  As a result, I ended up with a reduced (1,921 scans), 

but more robust sample for further analyses. 

 I compared behaviors across periods against explanatory variables using an 

Akaiki Information Criterion (AIC) model selection approach.  As a result of the number 

of models I constructed and the number of included explanatory variables (n = 8), I was 

inherently left with few models that contained a substantial level of empirical support.  

To address this, I calculated a 95% confidence set of models and performed model 

averaging to determine a given variable’s effect on behavior.   This modeling resulted in 

my open/closed hunting season variable having a strong association with several 

behaviors across observation periods.  Further analysis showed that behavior did indeed 

change between combinations of hunting and non-hunting locations across open and 

closed seasons between the diurnal and nocturnal period.



xi 

I estimated energy expenditure across the landscape by applying behavior-specific 

multipliers across my observed behavior proportion data, accounting for costs of 

thermoregulation, which allowed me an hourly energy expenditure (HEE) estimate.  

Applying this HEE estimate across months, accounting for average amount of hours in 

each observation period, I was able to calculate the first true 24 hr daily energy 

expenditure (DEE) for wintering brant.  Energy expenditure for brant averaged 1,594.98 

± 85.57 kJ/day across observation months. By comparing this value to estimates 

calculated 1) by scaling my diurnal data to be representative of 24 hrs (1,774.49 ± 189.17 

kJ/day), 2) using a brant specific allometric method (1,294.56 kJ/day), and 3) a 

generalized allometric method (1,580.50 kJ/day), I found that values can differ 

significantly from one another (P = 0.03–0.90).  As a result, inputs into these equations 

should be considered carefully, as they will greatly affect one’s estimates, which can in-

turn have specific consequences for subsequent management decisions.
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Chapter 1 
 
 

INCORPORATING NOCTURNAL BEHAVIOR OF WINTERING ATLANTIC 
BRANT (Branta bernicla hrota) INTO A 24 HOUR TIME-ACTIVITY MODEL 

 
 

Introduction 

Quantifying associations between waterfowl and habitat in relation to daily 

temporal cycles is often accomplished through studies of behavior.  Traditionally, these 

behavior studies have been limited to diurnal periods. Jorde and Owen (1988) noted that 

methodological limitations have historically hindered comprehensive observation and 

evaluation of nocturnal behavior.  Specifically, they state this limited effort has been 

primarily due to 1) lack of sufficient equipment required to collect nocturnal data, 2) 

limited information describing effective methodology, and 3) the reluctance or inability 

of biologists to conduct field research during nocturnal periods.   

  Previous research has resulted in there being a general recognition that waterfowl 

engage in nocturnal behavior.  Limited efforts and theoretical discussions have attempted 

to describe this dynamic (e.g. Swanson and Sargeant 1972, Tamisier 1974 & 1976, 

Albright 1981, Pedroli 1982, Paulus 1984, Morton et al. 1989, Percival and Evans 1997, 

Anderson and Smith 1999, Guillemain et al. 2002). Additionally, there is value in 

accounting for nocturnal behaviors to more accurately build time-activity models 

(Baldassarre et al. 1988, Jorde and Owen 1988, McNiel et al. 1992, Baldassarre and
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Bolen 2006) as diurnal research that assumes nocturnal behavior is representative of the 

entire 24 hr period (Ladin et al. 2011, Cramer et al. 2012) may be biased.  

Many mechanisms have been hypothesized to explain nocturnal behavior 

including tide, moon phase, day length, food availability, predator avoidance, and 

anthropogenic disturbance.  For example, greylag geese (Anser anser) and barnacle geese 

(Branta leucopsis) will move their foraging activities to nocturnal periods in relation to a 

full moon (Lebret 1970, Ebbinge et al. 1975, Ydenberg et al. 1984).  Additionally, 

common eiders (Somateria mollissima) and spectacled eiders (Polysticta stelleri) 

commenced nocturnal feeding when shortened day length, along with low energy 

densities of preferred food items, did not allow them to meet daily existence energy 

requirements with diurnal feeding alone (Systad et al. 2000, Systad and Bustnes 2001).  

This can be an especially plausible explanation when factors like natural and 

anthropogenic sources of diurnal disturbance, thus reductions in diurnal feeding, are 

factored in (Owens 1977, Ydenberg et al. 1984, Bélanger and Bédeard 1990, Ward et al. 

1994, Kahlert et al. 1996, Riddington et al. 1996).   

Daily and seasonal climatic patterns also have the potential to influence waterfowl 

and should be considered as interaction effects with diurnal and nocturnal behaviors.  By 

reducing diurnal activity, and thus increasing nocturnal activity (i.e. muscle movement), 

birds generate behavior-related heat energy that leads to offset costs of thermoregulation 

(Tamisier 1976, Jorde et al. 1984, Turnbull and Baldassarre 1987, Baldassarre et al. 1988, 

Thompson and Baldasarre 1991, Baldassarre and Bolen 2006).  While waterfowl may 

increase foraging activity during severe winter weather (Tamisier 1972), they have also 
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been shown to curtail energetically costly behavior (e.g. flying) while simultaneously 

increasing energetically conservative behaviors (e.g. loafing while exploiting diurnal 

microclimates and radiant heating) in an effort to cope with colder temperatures.  

Raveling et al. (1972) showed that Canada geese (Branta canadensis) wintering in 

Illinois greatly reduced or stopped foraging flights to agriculture fields when 

temperatures fell below -9° C.  Albright et al. (1983) noted reduced activity of American 

black ducks (Anas rubripes) along coastal Maine as birds sought thermally advantageous 

roosting sites when temperatures went below -20° C.  Comparatively, mallards (Anas 

platyrynchos) wintering in Nebraska exploited roost sites that offered a diurnal thermal 

advantage and only commenced feeding activities around evening crepuscular periods 

when this realized thermal advantage lessened (Jorde et al. 1984), creating behavior-

specific heat energy and lessening the costs of thermoregulation as temperatures 

decreased outside of the diurnal period.  

 Despite being a harvested gamebird with a relatively small and fluctuating 

population, little is known about how Atlantic brant (Branta bernicla hrota; hereafter 

brant) interact with available wintering habitat throughout the daily cycle.  While 

previous efforts have quantified diurnal behavior of the species (Ladin et al. 2011), 

research has yet to effectively examine the nocturnal behavior of the wintering 

population.  Therefore, the goal of my research is to: 1) quantify the behavioral dynamics 

of wintering Atlantic brant throughout the 24 hr period inclusive of morning crepuscular, 

diurnal, evening crepuscular, and nocturnal periods along southern coastal New Jersey, 

USA, 2) determine if environmental variability (e.g. below freezing temperatures, wind, 
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snow cover, ice cover, etc.), and anthropogenic pressure (e.g. hunting disturbance) affect 

time spent in different behaviors across the 24 hr period, and 3) evaluate the effect of 

hunting and non-hunting areas on brant behavior during open and closed periods of  New 

Jersey’s Coastal Zone waterfowl hunting season.  

Study Area 
 

I collected behavioral data for this study along the Great Bay estuary in Atlantic and 

Ocean counties on New Jersey’s (USA) southeastern shore.  Encompassing over 65,000 

ha (Fig. 1.1), this area contains both public and refuge lands managed by Edwin B. 

Forsythe National Wildlife Refuge (NWR; 39º36’N 074º17’W) and the New Jersey 

Division of Fish and Wildlife and is fully contained within New Jersey’s Coastal Zone 

waterfowl hunting boundaries.  Based on midwinter waterfowl inventory counts 

(USFWS, 1955–2010), the study area holds approximately 44% of the flyway population 

of wintering brant.  Because of the large numbers of migrating and wintering waterbirds 

utilizing this area, the Ramsar Convention designated Edwin B. Forsythe NWR 

properties as Wetlands of International Importance in 1986 (Ramsar Convention 

Secretariat 2006).  

Habitat in the study area falls within a tidal estuarine system protected by barrier 

beaches and includes expansive natural and anthropogenically-altered salt marshes (i.e. 

those ditched and drained for mosquito abatement or ditched and ponded for Open Water 

Marsh Management [OMWM]), brackish wetlands, managed tidal and freshwater 

impoundments, freshwater swamps, and woodlands.  Four major habitat types exist 

within the salt marsh or estuarine ecosystem: high marsh, low marsh, mudflat, and 
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subtidal (Tiner 1987, 2009).  High marsh areas are irregularly flooded and lie above the 

mean high tide, and are most commonly vegetated by short-form salt cordgrass (Spartina 

patens) and high tide bush (Iva frutescens).  Low marsh areas are regularly flooded lying 

between mean low and mean high tide and are dominated by tall-form smooth cordgrass 

(Spartina alterniflora) and occasionally S. patens.  Mudflat areas are regularly 

submerged and exposed with a general lack of vegetation and can occur in broad 

expanses in shallow bays or in narrow strips along tidal creeks and rivers (Tiner 1987, 

2009).  Subtidal areas are irregularly exposed and are defined by occurring below mean 

low tide.  In this study area, subtidal regions are recognized by the presence of various 

species of macro algae, most commonly in the form of sea lettuce (Ulva lactuca).  Brant 

formerly fed on eelgrass (Zostera marina), which was once prevalent in this region but 

declined in the 1930s due to disease and never recovered to traditional levels (Rasmussen 

1977).  Although brant will primarily feed on macroalgae in subtidal and open water 

areas (Ward et al. 2005, Ladin 2011), they may also move inland to managed short-grass 

areas (e.g. golf courses, athletic fields) to feed (Round 1982, Summers and Critchley 

1990, Ladin 2011, Castelli, pers. comm.) in an effort to offset the lessened nutritional 

quality of macro algaes.  This relationship is magnified as brant begin to stage for spring 

migration (Cottam et al. 1944, Mini and Black 2009, Ladin 2011). 

Methods 

Data Collection 

I conducted behavioral observations of brant between the third week of October and the 

third week of February 2009–2010 and 2010–2011 to effectively capture the wintering 
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period of brant along coastal New Jersey.  Across the 2009–2010 season, I conducted 

observations on 44 hunting days between 7 Nov–14 Nov and 26 Nov–14 Jan and on 33 

non-hunting days between 23 Oct–6 Nov, 15 Nov–25 Nov, and 15 Jan–21 Feb.  Across 

the 2010–2011 season, I conducted observations on 44 hunting days between 6 Nov–13 

Nov and 25 Nov–25 Jan and on 39 non-hunting days between 19 Oct–5 Nov, 14 Nov–24 

Nov, and 26 Jan–18 Feb.  

I paired observations over a series of hunting and non-hunting periods to capture 

the possible effects of increased anthropogenic disturbance on behavior.  I a priori 

selected 44 observation locations with 20 locations occurring on federal refuge lands 

closed to hunting and 24 locations occurring on state and federal lands open to hunting.  

Observation locations were chosen based on observed brant usage and for equal 

representation of available habitat types.  Observation weeks ran from Tuesday–Saturday 

to capture behavior on days of increased hunting pressure during weekends that fell 

within New Jersey’s coastal zone seasons.  Depending upon the location, I conducted 

behavioral observations out of a carry-in pop-up blind, a permanent elevated blind or a 

marked state or federal truck.  I selected daily observation locations at random one week 

in advance. 

I divided the 24 hr day into four 6 hr observation periods: a morning period 

(03:00–09:00) inclusive of the morning crepuscular, a diurnal period (09:00–15:00), an 

evening period (15:00–21:00) inclusive of the evening crepuscular, and a nocturnal 

period (21:00–03:00).  Crepuscular periods, defined as occurring 30 min before and after 

sunrise or sunset, were pulled out from morning and evening observation periods to 
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compare against diurnal and nocturnal datasets. The balance of scans collected during the 

morning and evening observation periods that occurred outside of the 1 hr crepuscular 

period were categorized as nocturnal or diurnal, respectively.  

I alternated observations biweekly with one week focusing on diurnal and 

nocturnal periods and the following week focusing on morning and evening crepuscular 

periods.  This resulted in paired 6 hr observation sessions occurring daily 12 hrs apart 

from one another, thus being matched over that day’s tide cycle.  I arrived at observation 

locations ≥ 30 min in advance of the observation session to allow adequate time for 

acclimation (Jeske and Percival 1995). 

I collected behavioral data using instantaneous scan samples (Altmann 1974, 

Baldassarre et al. 1988) every 10 min over each 6 hr observation period using 8x 

binoculars diurnally and 6x night vision scope nocturnally (Generation 3 Morovision MV 

760).  During observation periods, I recorded behavior of all brant within a 200 m radius 

of the observation location, as that was the greatest effective distance of the night vision 

scope where designation of species and behavior could be determined under inclement 

weather conditions and/or poor ambient light conditions (Allison and Destefano 2006).  

Behaviors were assigned to one of the following eight categories: feeding, resting 

(sleeping and loafing), comfort, swimming, alert, flying, agonistic, walking, and 

courtship as described in Johnsgard (1965) and Paulus (1988a).   

The selection to scan a flock from left or right was made at random and the start 

of an individual scan began with checking the 200 m observation radius for birds in 

flight.  After initially checking for birds in flight, the instantaneous scan then focused on 
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birds present on the ground or water.  When large flocks (n ≥ 500) were present, I 

counted groups of birds exhibiting the same behavior in multiples of 10 individuals to 

expedite the process of recording behavior for the entire flock.  This methodology is in 

contrast with large flock sub-sampling methods described by Hepworth and Hamilton 

(2001).  I feel that the methodology used in my study more accurately addresses flock 

behavior as it avoids the likely issues of 1) behavioral differences brought about by the 

possibility of varied habitats within the area being sampled (i.e., microhabitats), 2) 

homogeneity of behavior in sub-sampled birds, and 3) the need for complicated 

correction factors when applying behavior proportions of sub-sampled birds across the 

entire flock (Hepworth an Hamilton 2001). 

I recorded environmental conditions of temperature, wind speed, cloud cover, and 

precipitation hourly.  Temperature and wind speed were measured using a handheld 

anemometer (Kestrel 1000 series).  Hourly water equivalent precipitation rate, recorded 

by Atlantic City International Airport, was incorporated into each observation to the 

nearest scan(s) (National Climatic Data Center 2011).  Tide height was determined 

utilizing the New Jersey Tide Telemetry System (USGS), which records tidal height 

readings at 6 min intervals at various locations within the study area, and was 

incorporated into the dataset to the nearest scan.  The observation location, observer, 

presence of birds on arrival, hunting season designation (open/closed), hunting area 

designation (observation location open/closed to hunting), sunrise/sunset times, and 

moon phase were also recorded.  
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Data Analysis 

I proportioned all behavior data to allow for comparison of percent time spent in each 

behavior between observation periods (morning crepuscular, diurnal, evening 

crepuscular, and nocturnal).  I tested for a year effect across all behaviors and, finding 

none, combined years into a single dataset.  I removed variables with a correlation 

coefficient > 0.5.  Post-data collection, wind chill was calculated but ultimately removed 

as it was highly correlated with both temperature and wind speed.  I chose not to use 

wind chill in place of temperature and wind speed as it was deemed to not accurately 

represent conditions affecting birds in their preferential use of habitat to avoid these 

conditions (i.e. microclimates; Jorde et al. 1984, Baldassarre and Bolen 2006). 

Because of the short time between instantaneous behavior scans (10 min) there 

was the possibility that my data would exhibit effects of pseudoreplication (i.e. the 

statistical non-independence of a series of subsequent spatially/temporally-related data 

points; Hurlburt 1984).  Previous waterfowl behavior studies using instantaneous scans 

have proven scans to be independent at 5 min intervals (Morton et al. 1989).  To test this 

finding against my 10 min scans, I used a semivariogram method to determine what time 

lag would limit effects of pseudoreplication of my dataset.  A semivariogram tests for the 

amount of semivariance between pairs of observations over a series of consecutive time 

lags, multiples of 10 min in this case, starting at time zero by “calculating squared 

differences between all of the available paired observations and obtaining half of the 

average for all observations separated by that lag” (Lloyd 2007).  When semivariance no 

longer increases between consecutive time lags (< 15% change) the effects of 
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pseudoreplication are limited, as behavior at some future observation is less likely to be 

the same as the time zero behavior (Boyce et al. 2010).  Based on this analysis, I found 

that 10 min scans were independent of one another, thus my data met assumptions of 

further analyses. 

To specifically test the hypothesis that behavioral data would differ between 

observation periods, I tested for a difference between all recorded behaviors across 

observation periods using multiple analysis of variance (MANOVA, α ≤ 0.05).  I further 

analyzed individual behavioral differences between observation periods using univariate 

analysis of variance (ANOVA, α ≤ 0.05) with Tukey’s post-hoc pair-wise comparisons.  

To investigate the effects of continuous temporal variables of temperature, ice 

cover, hunting season, wind speed, tide height, and precipitation, moon phase, and cloud 

cover on the analyzed behavior data across observation periods, I used Akaike’s 

Information Criterion model selection approach (AIC; Burnham and Anderson 2002) 

corrected for small sample size (AICC).  Akaike’s Information Criterion, an Information 

Theoretic (IT) approach being grounded in likelihood theory (Hilborn and Magel 1997, 

Anderson et al. 2000, Burnham and Anderson 2002), has become popular in ecological 

research for several reasons.  First, it allows researchers to build sets of competing 

models based on a priori levels of assumed biological importance of included variables 

while simultaneously allowing for degrees of uncertainty of variable importance based on 

observed data (Johnson and Omland 2004, Garamszegi et al. 2009).  Second, AIC 

addresses the issue of R2 being a poor measure of goodness-of-fit when dealing with the 

nonlinear relationships often associated with temporal variables (Spiess and Neumeyer 
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2010).  Third, AIC ranks models with quantitative weights as measures of support to 

compare competing hypotheses with those models having higher weights explaining a 

greater proportion of the observed data (Burnham and Anderson 2002).  Fourth, when 

this approach fails to identify a top model and several models contain similar levels of 

empirical support, one can average these models to make predictions of parameter 

importance in relation to the observed data being modeled (Burnham and Anderson 2002, 

Hu 2007).  These advantages have led to a call for a greater use of IT approaches when 

dealing with ecologically important behavioral data (Garamszegi 2011), as it is often 

difficult to understand multiple hypotheses when dealing with complex effects of 

numerous variables on observed behaviors.  Because numerous environmental variables 

can affect waterfowl behavior (Raveling et al. 1972, Bennett and Bolen 1978, Gauthier et 

al. 1984, Ydenberg et al. 1984, Sedinger et al. 1995, Kahlert et al. 1996, Dooley et al. 

2010), an IT approach is a reasonable method that allows for the possibility of multiple 

biological realities. 

In addition to a null model, I built a set of 17 a priori models with differing pairs 

of explanatory environmental variables.  Upon modeling, if I failed to identify a single 

best model for a given observation period, I conducted model averaging of models ≤ 2 

ΔAICC units of the top model.  Thus, I assumed that models ≤ 2 ΔAICC units from the top 

model had an equal likelihood of containing variables of importance when compared to a 

top model for a given observation period (Burnham and Anderson 2002). 

Preliminary analysis of AIC models indicated hunting season held comparatively 

high weights for behaviors both diurnally and nocturnally.  Therefore to further 
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investigate this association, I tested whether diurnal and nocturnal behavior differed 

between hunting and non-hunting areas during both open and closed periods of New 

Jersey’s Coastal Zone hunting season (Univariate ANOVA, α ≤ 0.05 with Tukey’s post-

hoc pair-wise comparisons).  Morning and evening crepuscular periods were not included 

in this analysis because of insufficient sample size after dividing them into pair-wise 

categories. 

 

Results 

Brant behavioral data were recorded in a total of 5,862 individual 10-min instantaneous 

scans during the morning crepuscular (n = 257), diurnal (n = 3,164), evening crepuscular 

(n = 345), and nocturnal periods (n = 2,096).  

 

Observation Period Effects on Behavior 

In testing the hypothesis that brant behavior proportions would be similar across 

observation periods, I found that behavior did differ (MANOVA, F24, 17669 = 22.117, P < 

0.01).  Further univariate ANOVA with Tukey’s post-hoc pair-wise comparisons 

indicated individual behavioral differences existed between observation periods, denoted 

by like letters in Table 1.1. Univariate analysis indicated feeding behavior varied across 

observation periods (F3, 5859 = 34.418, P < 0.01; Table 1.1) with pair-wise comparisons 

showing lower feeding during morning crepuscular when compared to diurnal (P < 0.01), 

evening crepuscular (P < 0.01), and nocturnal periods (P = 0.01) and lower when 

comparing the nocturnal period to diurnal (P < 0.01) and evening crepuscular periods (P 
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< 0.01).  Feeding behavior did not differ between the diurnal or evening crepuscular 

periods (P = 0.997).  Resting behavior varied across observation periods (F3, 5859 = 

110.183, P < 0.01; Table 1.1) being higher during nocturnal periods when compared to 

morning crepuscular (P < 0.01), diurnal (P < 0.01), and evening crepuscular periods (P < 

0.01).  Resting behavior did not differ when comparing morning crepuscular to diurnal (P 

= 0.752) or evening crepuscular periods (P = 0.784) or between diurnal and evening 

crepuscular periods (P = 0.996).  Comfort behavior varied across observation periods  

(F3, 5859 = 3.878, P < 0.01; Table 1.1) being higher during diurnal periods when compared 

to nocturnal periods (P < 0.01).  Comfort behavior did not differ when comparing 

morning crepuscular to diurnal (P = 0.402), evening crepuscular (P = 0.896), or nocturnal 

periods (P = 0.999), when comparing diurnal to evening crepuscular periods (P = 0.868), 

or when comparing evening crepuscular to nocturnal periods (P = 0.838).  Swimming 

behavior varied across observation periods (F3, 5859 = 16.056, P < 0.01; Table 1.1) being 

higher during the morning crepuscular period when compared to diurnal (P < 0.01), 

evening crepuscular (P < 0.01), and nocturnal periods (P < 0.01).  Swimming behavior 

did not differ between the diurnal and evening crepuscular (P = 0.853) or nocturnal 

period (P = 0.953) or between the evening crepuscular and nocturnal period (P = 0.931).  

Alert behavior did not vary across observation periods (F3, 5859 = 1.504, P = 0.211; Table 

1.1) and thus there was no difference between pair-wise observation period combinations.  

Flying behavior varied across observation periods (F3, 5859 = 16.506, P < 0.01; Table 1.1) 

being higher during the morning crepuscular (P < 0.01) and diurnal periods (P < 0.01) 

compared to the nocturnal period.  Flight did not differ when comparing the morning 
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crepuscular to the diurnal (P = 0.419) or the evening crepuscular period (P = 0.143), 

when comparing the diurnal to the evening crepuscular period (P = 0.534), or when 

comparing the evening crepuscular to the nocturnal period (P = 0.249).  Walking 

behavior varied across observation periods (F3, 5859 = 22.755, P < 0.01; Table 1.1) being 

lower during the morning crepuscular compared to the diurnal (P = 0.011) and evening 

crepuscular period (P < 0.01), and lower during the nocturnal when compared to the 

diurnal (P < 0.01) and evening crepuscular period (P < 0.01).  Walking did not differ 

when comparing the morning crepuscular and nocturnal period (P = 0.998) or when 

comparing the diurnal and evening crepuscular period (P = 0.607).  Combined inter- and 

intra-specific agonistic behavior varied across observation periods (F3, 5859 = 3.525, P < 

0.014; Table 1.1) being higher during the evening crepuscular compared to the morning 

crepuscular (P = 0.032) and nocturnal period (P = 0.026).  Agonistic behavior did not 

differ between the morning crepuscular compared to the diurnal (P = 0.383) or nocturnal 

period (P = 0.785), between the diurnal period and the evening crepuscular (P = 0.138) or 

nocturnal period (P = 0.457).  I removed behavior categories that represented less than 

5% of total behavior from further analyses, as I deemed them to not have a large 

influence on 24 hr behavior.  These behaviors included Comfort (3.9%), Alert (1.9%), 

Walking (1.2%), and Agonistic (0.1%). 

 

Explanatory Variable Effects on Behavior 

When comparing explanatory environmental variable effects across feeding 

behavior during the morning crepuscular period, no single model held a substantial 
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amount of empirical support (wi > 0.90; Table 1.2).  ICE (wi = 0.701) came out as the top 

model while TEMP+ICE (wi = 0.272) fell within 2 ΔAICC units.  Averaging these models 

indicated that feeding during this time increased with increasing ice cover but that TEMP 

had no directional relationship as the model averaged standard error spanned zero (Figure 

1.2).  Across the diurnal period, HUNT+TEMP (wi = 0.998; Table 1.2) came out as the 

top model and associated beta values indicated that feeding decreased during open 

hunting seasons and decreased with increasing temperatures (Figure 1.2).  Across the 

evening crepuscular period, TEMP+ICE (wi = 0.487; Table 1.3) came out as the top 

model with no subsequent models falling within 2 ΔAICC units.  Associated beta values 

indicated that feeding decreased with increasing temperature and increased ice cover 

(Figure 1.2).  Across the nocturnal period, TIDE+TEMP (wi > 0.999; Table 1.3) came out 

as the top model with associated beta values indicating that feeding decreased with 

increasing tide height and increased with increasing temperatures (Figure 1.2). 

When comparing explanatory environmental variable effects across resting 

behavior for the morning crepuscular, no single model held a substantial amount of 

support.  CLOUD+TIDE (wi = 0.444; Table 1.2) came out as the top model while WIND 

(wi = 0.243) falling within 2 ΔAICC units.  Associated beta values indicated that resting 

increased with increasing cloud cover, tide height, and wind speed (Figure 1.3).  Across 

the diurnal period, TIDE+TEMP (wi > 0.999; Table 1.2) came out as the top model with 

associated beta value indicating increased resting with increasing tide height and 

increasing temperature (Figure 1.3).  Across the evening crepuscular period, 

HUNT+TIDE (wi = 0.678; Table 1.3) came out as the top model with no subsequent 
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model falling within 2 ΔAICC units.  Associated beta values indicated that resting 

decreased during open hunting seasons and increased with increasing tide height (Figure 

1.3).  Across the nocturnal period, TIDE+TEMP (wi > 0.999; Table 1.3) came out as the 

top model with associated beta values indicating increased resting with increasing tide 

height and decreased resting with increasing temperatures (Figure 1.3). 

 When comparing explanatory environmental variable effects across swimming 

behavior during the morning crepuscular period, no single model held a substantial level 

of support.  CLOUD+TIDE (wi = 0.337; Table 1.2) came out as the top model with 

TIDE+TEMP (wi = 0.147) falling within 2 ΔAICC units.  Averaging these models 

indicated that swimming decreased with increasing cloud cover, increasing tide height, 

and increasing temperature (Figure 1.4).  Across the diurnal period, HUNT+TIDE (wi = 

0.999; Table 1.2) came out as the top model with associated beta values indicating that 

swimming increased during open hunting seasons and decreased with increasing tide 

height (Figure 1.4).  Across the evening crepuscular period, HUNT+TEMP (wi = 0.505; 

Table 1.3) came out as the top model with ICE (wi = 0.206) falling within 2 ΔAICC units.  

Associated beta values indicated that swimming increased during open hunting seasons, 

decreased with increased temperatures, and increased with increasing ice cover (Figure 

1.4).  Across the nocturnal period, HUNT+TIDE (wi = 0.977; Table 1.3) came out as the 

top model with associated beta values indicating increased swimming during open 

hunting seasons and decreased swimming with increasing tide height (Figure 1.4). 

 When comparing explanatory environmental variable effects across flying 

behavior during the morning crepuscular, no single model held a substantial level of 
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support.  TEMP+ICE (wi = 0.486; Table 1.2) came out as the top model with ICE (wi = 

0.384) falling within 2 ΔAICC units.  Averaging these models indicated that flight 

increased with increasing temperature and decreased with increasing ice cover (Figure 

1.5).  Across the diurnal period, TEMP+WIND (wi > 0.999; Table 1.2) came out as the 

top model with associated beta values indicating increased flight with increasing 

temperatures and increased wind (Figure 1.5).  Across the evening crepuscular period, no 

model held a substantial level of support.  HUNT+TEMP (wi = 0.783; Table 1.3) came 

out as the top model with no subsequent models falling within 2 ΔAICC units.  

Associated beta values indicated decreased flight during open hunting seasons and 

increased flight with increasing temperatures (Figure 1.5).  Across the nocturnal period, 

TEMP+WIND (wi > 0.999; Table 1.3) came out as the top model with associated beta 

values indicating increased flight with increasing temperature and wind speed (Figure 

1.5). 

 

Non-/Hunting Area Effects on Behavior 

Average flock sizes tended to be similar between non-hunting (n = 45) and 

hunting (n = 44) areas during open hunting seasons during the diurnal period.  

Conversely, flock sizes were much larger on hunting (n = 83) compared to non-hunting 

(n = 29) areas during open hunting seasons during the nocturnal period.  During closed 

hunting seasons, flocks sizes were similar between non-hunting (n = 48) and hunting (n = 

44) areas during the diurnal period as well as between non-hunting (n = 17) and hunting 

areas (n = 22) during the nocturnal period (Figure 1.6). 
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I found that behaviors differed (MANOVA, F28, 21126 = 28.774, P < 0.01) between 

different combinations of hunting and non-hunting areas across open hunting and non-

hunting seasons during diurnal and nocturnal periods.  Univariate ANOVA results 

indicated that feeding varied across combinations (F7, 5253 = 21.287, P < 0.01) with pair-

wise comparisons indicating decreased feeding during the diurnal period on hunting 

locations during open hunting seasons compared to closed seasons (P = 0.02), higher 

during diurnal periods compared to nocturnal periods on non-hunting locations (P < 0.01) 

and hunting locations (P < 0.01) during open hunting seasons and higher during diurnal 

periods on non-hunting locations compared to nocturnal periods (P < 0.01) during closed 

hunting seasons.  Feeding proportion was higher on hunting areas nocturnally during 

closed hunting seasons compared to non-hunting areas (P = 0.01) but did not differ 

between diurnal or nocturnal periods on hunting locations during closed seasons (P = 1.0; 

Figure 1.6).  Observed resting proportions differed across locations and periods (F7,5253 = 

57.434, P < 0.01) with increased resting observed during nocturnal periods on non-

hunting areas compared to hunting areas during both open hunting seasons (P < 0.01) and 

closed hunting seasons (P < 0.01).  Additionally, resting proportions were higher on non-

hunting areas compared to hunting areas during the diurnal period (P < 0.01) but did not 

differ between these locations across the diurnal period during closed hunting seasons (P 

= 0.886; Figure 1.6).  Observed proportions of swimming differed across combinations 

(F7,5253 = 30.706, P < 0.01) with increased swimming on hunting areas during open 

hunting seasons across both diurnal (P < 0.01) and nocturnal periods (P < 0.01) 

compared to non-hunting areas.  Observed diurnal swimming proportions did not differ 



 
	  
	  

19 

between non-hunting and hunting areas during closed hunting seasons (P = 0.082) while 

observed nocturnal swimming was higher on hunting areas compared to non-hunting 

areas (P < 0.00) during the closed seasons (Figure 1.6).  Observed proportions of flight 

differed across combinations (F7,5253 = 20.025, P < 0.01) with increased flight during 

diurnal periods compared to nocturnal periods on non-hunting (P < 0.01) and hunting 

areas (P < 0.01) during open hunting seasons.  During open hunting seasons, flight 

proportions did not differ between non-hunting areas compared to hunting areas during 

the diurnal period (P = 0.116) or the nocturnal period (P = 0.618).  Across closed hunting 

seasons, flight was increased on non-hunting areas during both the diurnal (P < 0.01) and 

nocturnal period (P < 0.01) compared to hunting areas.  Observed flight proportions did 

not differ between diurnal or nocturnal periods on non-hunting (P = 0.206) or hunting 

areas (P = 0.842) during closed hunting seasons (Figure 1.6) 

 

Discussion 

Limited studies have previously attempted to quantify nocturnal behavior in waterfowl 

(Burton and Hudson 1978, Gauthier et al. 1987, Jeske and Percival 1995, Kahlert et al. 

1996, Percival and Evans 1997).  Behavior during this period has previously never been 

reported or quantified for Atlantic brant wintering in the United States.  While equipment 

limitations may lead to inadequate nocturnal representation (Ladin 2011), quantifying 

behavior during this time period has also failed mention (Thompson and Baldassarre 

1991), despite its known importance (Baldassarre et al. 1988, Jorde and Owen 1988, 

McNiel et al. 1992, Baldassarre and Bolen 2006).  The results of my study show that 
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Atlantic brant wintering in New Jersey are active during nocturnal periods and that 

observed behaviors vary across the full 24 hrs of a day (Table 1.1).  

 An increase in the observed proportion of feeding during diurnal and evening 

crepuscular periods, and a reduction during nocturnal and morning crepuscular periods, 

as quantified in this study, has previously been documented for brent geese in Britain 

(Owen et al. 1992).  Decreased feeding during the morning crepuscular period was most 

likely a result of the birds moving to diurnal foraging areas, thus the increase in observed 

amounts of flying and swimming during these periods (Table 1.1).  During morning 

crepuscular periods, brant flocks were observed to dissipate from large nocturnal roosting 

bays to feed along mudflats and in shallow subtidal areas where Ulva is more prevalent 

and attainable.  Observed nocturnal feeding was never recorded in terrestrial habitats, 

possibly because of predation risk, and occurred almost exclusively in subtidal areas, 

similar to results recorded by Tinkler et al. (2009) with the eastern Canadian High Arctic 

population of light-bellied brent geese (i.e. Atlantic brant) in northern Ireland.  It should 

be noted that there is most likely a confounding effect of tidal depth dictating feeding 

behavior during all parts of the day.  As a result, tidal cycle was a strong driver in 

observed nocturnal feeding, as brant will exploit areas when tidal heights are 

advantageous for feeding regardless of time of day (Paulus 1988a, Wilson and Atkinson 

1995). 

A reduction in observed proportion of feeding during morning crepuscular, 

diurnal, and evening crepuscular periods in relation to increased temperatures is most 

likely a result of birds taking advantage of favorable thermoregulatory conditions, 
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reducing the amount of resources needed to maintain body temperatures (Paulus 1988a).  

This is a likely scenario given that proportion of nocturnal feeding increased with 

increasing temperatures.  Nocturnal feeding allowed brant to exploit favorable tides, 

replenish the resource deficit acquired during other portions of the day, and generate 

activity-specific heat energy, reducing costs of thermoregulation while simultaneously 

garnering resources.  A reduction in the amount of feeding nocturnally in relation to 

decreasing temperatures may be similar to results recorded by Raveling et al. (1972), 

Albright et al. (1983), and Jorde et al. (1984) in that brant may have reduced activity 

altogether during colder conditions. 

 Brant exhibited a significant increase in resting behavior nocturnally when 

compared to other observation periods.  Because of reduced visibility, brant were most 

likely not affected by visual risk factors (e.g., raptors, helicopters) that are more prevalent 

diurnally, even though increased moonlight allows some degree of detection (Kahlert et 

al. 1996, Tinkler 2009).  I also hypothesize that, since most sources of diurnal disturbance 

were anthropogenic in nature (Appendix C) and removed from the landscape outside of 

the diurnal period, brant were generally not as susceptible, or simply not exposed, to 

disturbance outside this period and thus could allocate time towards resting behavior.  

Additionally, brant may have been able to reach daily energy requirement needs with 

diurnal and evening crepuscular feeding.  This may explain the reduced amounts of 

feeding and locomotive behaviors observed nocturnally thus allowing an increase in time 

allocated to resting.  Observed proportions of resting behavior were higher nocturnally 

for hunting and non-hunting areas compared to diurnal periods regardless of hunting 
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season designation.  Based on AIC model results, observed resting during the evening 

crepuscular had a negative association with open hunting seasons.  A likely cause of this, 

although not quantifiable with this dataset, can be associated with increased amounts of 

disturbance as hunters are moving off of the landscape around the close of shooting 

hours, which in New Jersey occur at sunset. 

A reduction in the proportion of flight behavior observed nocturnally could be 

attributed to either biological responses or bias associated with my sampling 

methodology.  Biologically, increased flight during all portions of the day in relation to 

increasing temperature can be related to energy costs associated with flight and 

thermoregulation costs associated with ambient temperatures.  Reduced flight behavior 

and activity in relation to colder temperatures has previously been recorded for Canada 

geese wintering in Illinois (Raveling et al. 1972) and for black ducks wintering in Maine 

(Albright et al. 1983).  Concurrent this increase in flight behavior during warmer 

temperatures, brant were observed to increase swimming locomotion in relation to colder 

temperatures.  While wind can have a negative interaction with temperature, brant were 

observed to increase flight in relation to increasing wind speed.   

Decreased flight behavior at night could also be a result of methodological bias.  

While I was able to capture an equal or greater proportion of flight behavior compared to 

previous waterfowl behavior studies (Burton and Hudson 1978, Afton 1979, Gauthier et 

al. 1983, Morton et al. 1989, Cramer et al. 2012), instantaneous scan sampling remains 

relatively ineffective at capturing flight behavior data, especially during nocturnal periods 

(Paulus 1988a, 1988b, Jeske and Percival 1995, Michot 2006). Popular practice is to only 
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record behavior of a predetermined flock or pair of birds (Altmann 1974, Paulus 1984, 

Turnbull and Baldassarre 1987, Jeske and Percival 1995), negating behavior of other 

birds within viewing range and is thus biased towards observing birds not engaged in 

flight.  Conversely, I did not focus on a predetermined flock or pair of birds but instead 

recorded behavior of all birds within 200 m.  This should have allowed me to more 

accurately capture the amount of flight behavior exhibited by brant by quantifying the 

flight of individuals or small groups of birds that would fly by during an instantaneous 

observation in addition to the behavior being collected for those birds on the water and/or 

land around the observation location.  Despite my methodological improvement, flight 

occurs rather quickly within the predetermined viewing window (200 m radius), thus the 

odds of capturing it during an instantaneous scan are relatively low.  Additionally, the 

night vision scopes imposed another limitation; because the field of view was limited to 8 

degrees (as compared to 360 degrees diurnally), the viewing window nocturnally was 

reduced and decreased the odds of capturing flight data.  

An increase in the observed proportion of swimming across diurnal, evening 

crepuscular, and nocturnal periods, and concurrent decrease in proportion of flying 

during evening crepuscular and nocturnal periods, associated with open hunting seasons 

shows that brant shift their main locomotive activities to compensate for the risks 

associated with each.  While swimming could possibly reduce access to preferred food 

items, based on location of feeding grounds in relation to roosting areas, it is an arguably 

less dangerous behavior than flying in relation to harvest susceptibility associated with 

hunting. Interestingly, there was a significant increase in the proportion of observed flight 
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behavior nocturnally on non-hunting areas compared to hunting areas during closed 

hunting seasons and flight was again higher, although not significantly so, between these 

same areas during open hunting seasons.  This is most likely a result of capturing 

continual small family flocks of brant trading back and forth between tidal marshes and 

freshwater impoundments at Edwin B. Forsythe NWR when observations were being 

conducted near these impoundments.  A result of not capturing this flight behavior 

diurnally could be explained by the fact that a majority of it may have occurred outside of 

the 200 m observation window during this period. 

AIC model analysis revealed a reduction in the amount of observed diurnal 

feeding associated with open waterfowl hunting seasons.  During the diurnal period brant 

fed more on non-hunting areas compared to hunting areas during open hunting seasons 

presumably due to the presence of hunters.  There was no significant difference in 

observed amounts of feeding in these same areas nocturnally.  Based on observed 

proportions of feeding, brant exploited hunting and non-hunting areas equally at night, 

dispersing into hunting areas in the absence of associated hunting disturbance (Burton 

and Hudson 1978, Cox and Afton 1997, Dooley et al. 2010).  Despite the fact that there 

was no difference in feeding proportions, the true value of hunting areas as nocturnal 

feeding grounds can be seen when comparing flock sizes between these two areas.  

Hunting areas held an increased proportion of birds nocturnally, denoting the importance 

of these areas as feeding grounds in the absence of anthropogenic disturbance.  Increased 

amounts of resting observed on diurnal non-hunting sites compared to hunting sites was 

most likely a result of reduced amounts of disturbance associated with these areas.  The 
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reduced amount of observed diurnal feeding associated with open hunting seasons are 

similar to results of disturbance recorded for wintering brent geese in the United 

Kingdom (Owen 1977), staging brent in Germany (Stock 1993), and staging brant in 

Alaska (Ward et al. 1994). Observed nocturnal feeding proportions were reduced during 

open hunting seasons, leading one to believe that brant were able to meet a majority of 

nocturnal subsistence energy requirements, and offset acquired diurnal energy deficits, 

with increased evening crepuscular feeding during open hunting seasons. 

 

Management Implications 

 Results of my study show that nocturnal behavior differs from diurnal and 

crepuscular behavior.  Incorporating nocturnal behavior into daily time-activity models 

allows for a true 24 hr time-budget model to make further inferences about energy 

expenditure while accounting for various temporal variables.  Not accounting for this 

nocturnal variation will lead to inaccuracies when applying behavior proportions to 

energy expenditure models in estimating daily energy expenditure (DEE).  Further, non-

hunting areas played an important role during open hunting seasons.  Because of 

increased energy expenditure associated with explanatory environmental factors during 

winter, brant could most likely not meet existence requirements with evening crepuscular 

and nocturnal feeding alone.  As a result, these non-hunting areas allowed brant to meet 

foraging needs during times of high diurnal disturbance.  Because of the variability of 

Ulva availability, these areas alone may not always provide such benefit, possibly 
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resulting in the observed amounts of nocturnal feeding in hunting areas and diurnal 

feeding on managed grass areas. 
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Table 1.1. Average percentages ( ± S.E.) of wintering Atlantic brant behavior during four observation periods between 
October 2009–February 2010 and October 2010−February 2011, New Jersey, USA. Like-letters denote a significant difference 
(α = 0.05) in the behavior between observation periods. 

  
Observation Period 

   
  

Morning 
crepuscular     

Evening 
crepuscular       

   
Diurnal 

  
Nocturnal 

 
ANOVA Results 

Behavior   x S.E.   x S.E.   x S.E.   x S.E.   F3,5859 P 
Feeding 

 
15.99abc 1.56 

 
29.56ad 0.55 

 
29.22be 1.51 

 
22.32cde 0.68 

 
34.418 < 0.01 

Resting 
 

8.67a 1.33 
 

10.49b 0.38 
 

10.85c 1.22 
 

24.38abc 0.82 
 

110.183 < 0.01 
Comfort 

 
3.13 0.67 

 
4.37a 0.22 

 
3.84 0.63 

 
3.24a 0.27 

 
3.878 < 0.01 

Swimming 
 

59.24abc 2.33 
 

42.48a 0.64 
 

44.2b 1.86 
 

42.93c 0.87 
 

16.056 < 0.01 
Alert 

 
0.92 0.25 

 
1.87 0.13 

 
1.93 0.44 

 
2.08 0.22 

 
1.504 0.211 

Flying 
 

11.72a 1.89 
 

9.31b 0.47 
 

7.41 1.29 
 

4.77ab 0.45 
 

16.506 < 0.01 
Walking 

 
0.33ab 0.17 

 
1.85ac 0.16 

 
2.37bd 0.47 

 
0.24cd 0.09 

 
22.755 < 0.01 

Agnostic   0a 0   0.08 0.01   0.18ab 0.07   0.05b 0.02   3.527 0.014 
1Morning crepuscular (n = 257); Diurnal (n = 3,164); Evening crepuscular (n = 345); Nocturnal (n = 2,096) 
 
 
 
 
 
 
 

€ 
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Table 1.2. Top AICC models by behavior across the morning crepuscular and diurnal observation periods October–February 
2009–2010 and 2010–2011, New Jersey, USA.  Behaviors with more than one model indicate no top model for that behavior 
and a subsequent model < 2 ΔAICC was considered to contain equally plausible explanatory variable(s).   
Observation 

Period Behavior Model Ka AICC ΔAICC
b wi

c 
Morning 

      Crepuscular Feeding ICE 2 -725.895 0 0.701 

  
TEMP+ICE 3 -724.000 1.895 0.272 

       
 

Resting CLOUD+TIDE 3 -808.781 0 0.444 

  
WIND 2 -807.578 1.203 0.243 

       
 

Swimming CLOUD+TIDE 3 -511.994 0 0.337 

  
TIDE+TEMP 3 -510.338 1.656 0.147 

       
 

Flying TEMP+ICE 3 -627.199 0 0.486 

  
ICE 2 -626.732 0.467 0.384 

       Diurnal Feeding HUNT+TEMP 3 -7524.162 0 0.998 

       
 

Resting TIDE+TEMP 3 -9897.618 0 1.000 

       
 

Swimming HUNT+TIDE 3 -6525.739 0 0.999 

         Flying TEMP+WIND 3 -8513.483 0 1.000 
a K Number of parameters included in model, b ΔAICC Difference in Akaike value from top model 
c wi Akaike model weight for the ith model 
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Table 1.3. Top AICC models by behavior across the evening crepuscular and nocturnal observation periods October–February 
2009–2010 and 2010–2011, New Jersey, USA.  Behaviors with more than one model indicate no top model for that behavior 
and a subsequent model < 2 ΔAICC was considered to contain equally plausible explanatory variable(s). 
Observation 

Period Behavior Model Ka AICC ΔAICC
b wi

c 
Evening 

      Crepuscular Feeding TEMP+ICE 3 -887.644 0 0.487 

       
 

Resting HUNT+TIDE 3 -1049.590 0 0.678 

       
 

Swimming HUNT+TEMP 3 -750.476 0 0.505 

  
ICE 2 -748.684 1.792 0.206 

       
 

Flying HUNT+TEMP 3 -1011.102 0 0.783 

       Nocturnal Feeding TIDE+TEMP 3 -5026.184 0 1.000 

       
 

Resting TIDE+TEMP 3 -4250.195 0 1.000 

       
 

Swimming HUNT+TIDE 3 -3908.419 0 0.977 

         Flying TEMP+WIND 3 -6683.047 0 1.000 
a K Number of parameters included in model, b ΔAICC Difference in Akaike value from top model 
c wi Akaike model weight for the ith model 
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Figure 1.1. Study area denoting areas of behavioral observation during winters of 2009–
2011 on properties owned and managed by Edwin B. Forsythe NWR and the New Jersey 
Division of Fish and Wildlife, New Jersey, USA. 
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Figure 1.2. Beta values ± S.E. of explanatory variables modeled against feeding behavior 
for wintering Atlantic brant across four observation periods October–February 2009–
2010 and 2010–2011, New Jersey, USA.  
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Figure 1.3. Beta values ± S.E. of explanatory variables modeled against resting behavior 
for wintering Atlantic brant across four observation periods October–February 2009–
2010 and 2010–2011, New Jersey, USA. 
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Figure 1.4. Beta values ± S.E. of explanatory variables modeled against swimming 
behavior for wintering Atlantic brant across four observation periods October–February 
2009–2010 and 2010–2011, New Jersey, USA. 
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Figure 1.5. Beta values ± S.E. of explanatory variables modeled against flying behavior 
for wintering Atlantic brant across four observation periods October–February 2009–
2010 and 2010–2011, New Jersey, USA. 
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Figure 1.6. Average percentages (  ± S.E.) of Atlantic brant behavior between 
combinations of hunting and non-hunting areas during open and closed Coastal Zone 
hunting seasons across diurnal and nocturnal observation periods, October 2009–
February 2010 and October 2010–February 2011, New Jersey, USA.	  	  
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Chapter 2 

 
 

INCORPORATING NOCTURNAL ACTIVITY OF WINTERING ATLANTIC 
BRANT (Branta bernicla hrota) INTO A 24 HOUR DAILY ENERGY 

EXPENDITURE MODEL 
 
 

Introduction 
 

A priority of the North American Waterfowl Management Plan (NAWMP; U.S. Fish and 

Wildlife Service and Canadian Wildlife Service 1986), Arctic Goose Joint Venture, 

Atlantic Coast Joint Venture, and Atlantic Flyway Council has been to determine the 

current carrying capacity of Atlantic brant (Branta bernicla hrota; hereafter brant) 

wintering habitat to improve flyway-scale management efforts.  Because wintering 

waterfowl are most likely limited by food availability and quality (Cottam et al. 1944, 

Haramis et al. 1986, Miller 1986, Conroy et al. 1989, Bergan and Smith 1993, Jeske et al. 

1994, Ladin et al. 2011), bioenergetics modeling is the preferred methodology to estimate 

carrying capacity. Three pieces of information are required in building a bioenergetics 

model to estimate the number of goose-use days (GUDs) available to wintering brant: 1) 

the amount of energy available across the landscape, 2) the amount of energy gained 

from preferred food items (true metabolizable energy), and 3) the bird’s daily energy 

expenditure (DEE).
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There are currently three main methods employed to estimate DEE, a predictive 

allometric method (Purol 1975, Prince 1979, Heitmeyer 1989, Miller and Eadie 2006), 

 a focal sampling method, and an instantaneous scan sampling method (Altmann 1974, 

Albright et al. 1983).  Both sampling methods quantify time spent in distinct behavioral 

states from which corresponding energy expenditure estimates can be made.  While the 

predictive allometric method is a simple calculation based on constants, it fails to address 

behavioral responses to external temporal variation that are known to be important (e.g. 

time of day, temperature, wind, tide, month, latitude; Weathers 1979, Albright et al. 

1983, Moore and Black 2006). Discounting for this variation has the potential to greatly 

bias calculations of DEE and subsequent estimates of carrying capacity.  Conversely, 

focal and scan sampling allows for sensitivity to environmental variation as long as 

observed behaviors are representative of all biologically relevant temporal variables.  A 

traditional bias associated with this requirement is the limited effort to observe behaviors 

nocturnally (Paulus 1988a).  Jorde and Owen (1988) noted this limited effort has been 

primarily due to 1) lack of sufficient equipment required to collect nocturnal data, 2) 

limited information describing effective methodology, and 3) the reluctance or inability 

of biologists to conduct field research nocturnally.   

The occurrence of nocturnal behavior in waterfowl has been noted over the past 

several decades (e.g. Tamisier 1974 & 1976, Albright 1981, Pedroli 1982, Paulus 1984, 

Morton et al. 1989, Rave and Cordes 1993, Jeske and Percival 1995, Anderson and Smith 

1999, Guillemain et al. 2002, Lewis et al. 2005).  Additionally, there has been recognition 

that nocturnal behavior should be quantified for more accurate time-energy models 
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(Baldassarre et al. 1988, Jorde and Owen 1988, McNiel et al. 1992, Baldassarre and 

Bolen 2006).  Although time-energy models have been built using diurnal behavior of 

wintering brent geese (Branta bernicla bernicla) in Europe (Charman 1979, Owen et al. 

1992, Riddington et al. 1996) and for brant (Ladin 2011), only one study has previously 

attempted to quantify nocturnal behavior for wintering brant and incorporate it 

accordingly into an energetic model (Tinkler et al. 2009; referenced as pale-bellied brent 

geese).  However, Tinker et al. (2009) only quantified proportion of feeding behavior 

nocturnally, leaving other behaviors unaccounted for in estimates of energy expenditure.  

This could possibly lead to biased estimates of both energy expenditure and carrying 

capacity.  An additional common practice to estimate 24 hr energy expenditure in the 

absence of nocturnal data is to scale diurnal energy expenditure calculations to be 

representative of the 24 hrs of the day (Ladin et al. 2011, Cramer et al. 2012).  A method 

such as this could also lead to biased estimates of DEE if energy expenditure during 

nocturnal periods differs from diurnal periods.  

Because no previous studies have accurately examined DEE of wintering brant 

across all periods of the day, the goal of this research is to better quantify the energetic 

dynamics across the full 24 hrs of a day (inclusive of morning crepuscular, diurnal, 

evening crepuscular, and nocturnal periods) using time-energy budgets along southern 

coastal New Jersey, USA.  I will hereafter term this DEETE24, where TE stands for Time-

Energy and 24 stands for 24 hr data inclusion.  I will 1) determine if seasonal variability 

(month) affects DEETE24 over the course of the wintering period (October–February), 2) 

compare these estimates with those calculated from scaling diurnal data to be 
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representative of 24 hrs (hereafter termed DEETED, where D stands for Diurnal), and 3) 

compare to estimates using simple predictive allometric methods that calculate a DEE 

value (hereafter termed DEEA, where A stands for Allometric).  With refinement of this 

knowledge, I hope to improve future efforts to accurately quantify DEE and carrying 

capacities for wintering brant. 

Study Area 
 

I collected behavioral data for this study along the Great Bay estuary in Atlantic and 

Ocean counties on New Jersey’s (USA) southeastern shore.  Encompassing over 65,000 

ha (Fig. 1.1), this area contains both public and refuge lands managed by Edwin B. 

Forsythe National Wildlife Refuge (NWR; 39º36’N 074º17’W) and the New Jersey 

Division of Fish and Wildlife.  Based on midwinter waterfowl inventory counts (USFWS, 

1955–2010), the study area holds approximately 44% of the flyway population of 

wintering brant.  Because of the large numbers of migrating and wintering waterbirds 

utilizing this area, the Ramsar Convention in 1986 deemed the Edwin B. Forsythe NWR 

and associated lands as Wetlands of International Importance (Ramsar Convention 

Secretariat 2006).  

Habitat in the study area is defined by a tidal estuarine system protected by barrier 

beaches inclusive of expansive natural and anthropogenically-altered salt marshes (i.e. 

those ditched and drained for mosquito abatement or ditched and ponded for Open Water 

Marsh Management [OMWM]), brackish wetlands, managed tidal and freshwater 

impoundments, freshwater swamps, and woodlands.  Four major habitat types exist 

within the salt marsh or estuarine ecosystem: high marsh, low marsh, mudflat, and 
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subtidal (Tiner 1987, 2009).  High marsh areas are irregularly flooded and lie above the 

mean high tide, and are most commonly vegetated by short-form salt cordgrass (Spartina 

patens) and high tide bush (Iva frutescens).  Low marsh areas are regularly flooded lying 

between mean low and mean high tide and dominated by tall-form smooth cordgrass 

(Spartina alterniflora) and occasionally S. patens.  Mudflat areas are regularly 

submerged and exposed with a general lack of vegetation and can occur in broad 

expanses in shallow bays or in narrow strips along tidal creeks and rivers (Tiner 1987, 

2009).  Subtidal areas are irregularly exposed and are defined by occurring below mean 

low tide.  In this study area, subtidal regions are recognized by the presence of various 

species of macro algae, most commonly in the form of sea lettuce (Ulva lactuca).  

Eelgrass (Zostera marina) was once prevalent in this region but declined in the 1930s due 

to disease and never recovered to traditional levels (Rasmussen 1977).  Although brant 

will primarily feed on macroalgae in subtidal and open water areas (Ward et al. 2005, 

Ladin 2011), they may also move inland to managed short-grass areas (e.g. golf courses, 

athletic fields) to feed (Round 1982, Summers and Critchley 1990, Ladin 2011, Castelli, 

pers. comm.) in an effort to offset the lessened nutritional quality of macro algaes.  This 

relationship is magnified as brant begin to stage for spring migration (Cottam et al. 1944, 

Mini and Black 2009, Ladin 2011). 

Methods 

I estimated daily energy expenditure DEETE24, using the following equation adapted from 

Albright et al. (1983):  
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     (1)
 

Where BMR is the basal metabolic rate, ai is behavioral-specific multiplier above BMR 

for the ith behavior, CT is the cost of thermoregulation (kJ/hr) when temperatures fall 

below the low critical temperature (10.05° C; Morehouse 1974), and ti is the proportion of 

time spent in the ith behavior.  All values were summed across behaviors and hours in the 

day to estimate DEE.  I used a BMR of 17.98 kJ/hr calculated by Ladin et al. (2011), 

adapted from Stahl et al. (2001), using mean weights for Atlantic brant (1.390 ± 0.01 kg) 

collected during the winters of 2006–2007 and 2007–2008 along the east coast of the 

United States.  Behavior-specific energetic costs were calculated using multipliers of 

BMR for feeding (1.7), resting (sleeping and loafing; 1.6), comfort (1.8), walking (1.9), 

and agonistic/aggression (1.9) derived from brent geese measured in the zone of 

thermoneutrality (Stahl et al. 2001); swimming (2.2) and alert (2.1) derived by Wooley 

and Owen (1978) for black ducks (Anas rubripes) during summer; and flying (13.4) 

calculated by Ladin et al. (2011) adapted from Butler and Bishop (2000). The cost of 

thermoregulation was calculated using the following equation: 

        (2) 

Where mc is the slope of increasing metabolic energy above the lowest critical threshold 

temperature (recorded in L O2/hr converted to kJ/hr with the energy equivalent of 20.1 L 

O2/hr = 1 kJ/hr; Carey 1996) and ΔTLCT-Ta is the difference in ambient temperature from 

the low critical temperature. 

DEETE24 = BMR× ai( )+CT
"# $%× ti{ }

i=1

n

∑
hr=1

n

∑

CT =mC ×ΔTLCT−Ta
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To estimate ti, proportion of time spent in the ith behavior, I conducted behavioral 

observations of brant between the third week of Oct and the third week of Feb 2009–

2010 and 2010–2011 to effectively capture the core wintering period of brant along 

coastal New Jersey.  Across the 2009–2010 season, I conducted observations on 44 

hunting days between 7 Nov–14 Nov and 26 Nov–14 Jan and on 33 non-hunting days 

between 23 Oct–6 Nov, 15 Nov–25 Nov, and 15 Jan–21 Feb.  During the 2010–2011 

season I conducted observations on 44 hunting days between 6 Nov–13 Nov and 25 Nov–

25 Jan and on 39 non-hunting days between 19 Oct–5 Nov, 14 Nov–24 Nov, and 26 Jan–

18 Feb.  

Observations were paired over a series of hunting and non-hunting periods to 

capture the possible effects of increased anthropogenic disturbance on behavior.  I a 

priori selected 44 observation locations with 20 locations occurring on federal refuge 

lands closed to hunting and 24 locations occurring on state and federal lands open to 

hunting.  Observation locations were chosen based on observed brant usage and equal 

representation of available habitat types.  Observation weeks ran from Tuesday–Saturday 

to capture behavior on days of increased hunting pressure during weekends that fell 

within New Jersey’s coastal zone seasons.  Depending upon the location, I conducted 

behavioral observations out of a carry-in pop-up blind, a permanent elevated blind or a 

marked state or federal truck.  Daily observation locations were selected at random one 

week in advance. 

I divided the 24 hr day into four 6 hr observation periods: a morning period 

(03:00–09:00) inclusive of the morning crepuscular, a diurnal period (09:00–15:00), a 
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evening crepuscular period (15:00–21:00) inclusive of the evening crepuscular, and a 

nocturnal period (21:00–03:00).  Crepuscular periods, defined as occurring 40 min before 

and after sunrise or sunset, were pulled out from morning and evening crepuscular 

periods to compare against diurnal and nocturnal datasets. The balance of resultant 

observational data from morning and evening crepuscular periods were added to the 

respective nocturnal or diurnal datasets.  As a result, the sample size for crepuscular 

periods was much reduced, which I accounted for by proportioning behavior data over 

each of the four observation periods before further analysis. 

I alternated observations biweekly with one week focusing on diurnal and 

nocturnal periods and the following week focusing on morning and evening crepuscular 

periods.  This resulted in paired 6 hr observation sessions occurring daily 12 hr apart 

from one another, thus being matched over that day’s tide cycle.  I arrived at observation 

locations ≥30 min in advance of the observation session to allow adequate time for 

acclimation (Jeske and Percival 1995).  I collected behavioral data using instantaneous 

scan samples (Altmann 1974, Baldassarre et al. 1988) conducted every 10 min over each 

6 hr observation period.  To avoid pseudoreplication, data was averaged into 40 min 

independent sampling units (See Chapter 1). Behavioral data was collected diurnally 

using 8x binoculars and nocturnally using a 6x night vision scope (Generation 3 

Morovision MV 760).  During observation periods, I recorded the behavior of all brant 

within a 200 m radius of the observation location, as that was the greatest effective 

distance of the night vision scope under inclement weather conditions and/or poor 

ambient light conditions (Allison and Destefano 2006).  Behaviors were assigned to one 
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of the following eight categories: feeding, resting (sleeping and loafing), comfort, 

swimming, alert, flying, agonistic, walking, and courtship.  Courtship behavior was not 

recorded in any behavior scans over the two years of observation and thus was removed 

from all further consideration.  The selection to scan a flock from left or right was made 

at random.  

I tested for a year effect across all behaviors and, finding none, combined years 

into a single dataset.  To more accurately apply energy expenditure calculations to hourly 

and daily estimates, I scaled results from the 40 min instantaneous scan averages to be 

representative of an hourly energy expenditure (HEE).  To test whether HEE differed 

across observation periods I used univariate analysis of variance (ANOVA, α = 0.05) 

with Tukey’s post-hoc pair-wise comparisons.  As the amount of daylight was not 

constant across the study period, I calculated the average amount of hours present during 

diurnal and nocturnal periods across each observation month.  The amount of hours in the 

morning and evening crepuscular periods was held constant across the field season as 

these periods were defined as occurring from 40 min before to 40 min after sunrise or 

sunset, respectively.  I then multiplied HEE by the average number of hours in each 

observation period across each observation month, which allowed me to estimate 

DEETE24 per month by adding all monthly observation period averages together.  All 

values are reported with accompanying standard errors. 

 As it has been common practice to assume diurnal behavior, and thus energy 

expenditure, is representative of nocturnal periods (Ladin et al. 2011, Cramer et al. 2012), 
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I estimated DEETED by scaling the diurnal HEE by 24 h.  I used a paired t-test (α ≤ 0.05) 

to compare DEETE24 against DEETED.   

Lastly, I estimated DEEA by multiplying daily BMR by 3 to account for energy 

costs of free-living birds (Purol 1975, Prince 1979, Heitmeyer 1989, Miller and Eadie 

2006).  I used two methodologies for estimating BMR.  First, I calculated a brant-spcific 

allometric using the aforementioned hourly BMR calculated by Ladin et al. (2011) using 

methods described by Stahl et al. (2001) and multiplied it by 24 h.  Second, I employed 

the allometric method described by Miller and Eadie (2006) assuming BMR equals 

Resting Metabolic Rate (RMR) with the equation: 

    
                                                                                           (3) 

where a is a constant for a mass proportionality coefficient calculated for numerous 

species of geese and ducks combined (417), Mass is the previously mentioned average 

weight (1.390 kg; Ladin et al. 2011), and b is the average exponential constant calculated 

for various species of geese and ducks combined (0.71).  I again multiplied the result of 

this equation by a constant of 3 to account for daily energy costs of free-living birds to 

arrive at a final estimate of daily energy expenditure.  I used one-sample t-tests (α ≤ 0.05) 

to compare the two estimates of DEEA against DEETE24. 

Results 

Brant behavior data were recorded in a total of 5,862 instantaneous 10 min observation 

scans.  Across all behaviors, observation periods, and months, HEE averaged 55.094 ± 

0.663 kJ/hr.  Separating energy expenditure by period, HEE averaged 66.991 ± 3.828 

kJ/hr during the morning crepuscular, 57.830 ± 0.97 kJ/hr during the diurnal, 55.162 ± 

RMR = a×Massb( )
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2.645 kJ/hr during the evening crepuscular, and 49.524 ± 0.926 kJ/hr during the nocturnal 

period (Table 2.1).  Univariate ANOVA indicated that HEE differed across observation 

periods (F3,5859 = 16.451, P < 0.01) being significantly higher during morning crepuscular 

periods compared to diurnal (P < 0.01), evening crepuscular (P < 0.01), and nocturnal (P 

< 0.01) periods, and higher during diurnal periods compared to nocturnal (P < 0.01) 

periods.  Energy expenditure allocated per-behavior during each of the four observation 

periods can be seen in Table 2.1. 

After accounting for average hours per observation period and averaging 

behaviors across months, brant energy expenditure averaged 1,358.61 ± 46.84 kJ/day 

across the wintering period.  Across observation months, energy expenditure averaged 

1,750.321 ± 96.006 kJ/d during October (made up of 84.536 ± 16.04 during the morning 

crepuscular, 810.202 ± 61.496 during the diurnal period, 118.426 ± 33.344 kJ during the 

evening crepuscular, and 737.157 ± 63.765 kJ during the nocturnal period; Table 2.2, 

Figure 2.1).  Across November, energy expenditure averaged 1,343.935 ± 39.101 kJ/day 

(made up of 78.821 ± 10.505 kJ during the morning crepuscular, 553.214 ± 25.172 kJ 

during the diurnal period, 55.802 ± 6.635 kJ during the evening crepuscular, and 656.098 

± 27.219 kJ during the nocturnal period; Table 2.2, Figure 2.1).  Across December, 

energy expenditure averaged 1,229.921 ± 26.855 kJ/day (made up of 55.753 ± 5.403 kJ 

during the morning crepuscular, 459.956 ± 14.265 kJ during the diurnal period, 52.974± 

5.412 kJ during the evening crepuscular, and 661.238 ± 21.429 kJ during the nocturnal 

period; Table 2.2, Figure 2.1).  Across January, energy expenditure averaged 1,230.462 ± 

31.672 kJ/day (made up of 62.015 ± 5.672 kJ during the morning crepuscular, 504.919 ± 
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15.027 kJ during the diurnal period, 45.753 ± 2.059 kJ during the evening crepuscular, 

and 617.774 ± 15.268 kJ during the nocturnal period; Table 2.2, Figure 2.1).  Across 

February, energy expenditure averaged 1,238.397 ± 36.787 kJ/day (made up of 65.050 ± 

9.725 kJ during the morning crepuscular, 505.400 ± 15.370 kJ during the diurnal period, 

66.333 ± 7.678 kJ during the evening crepuscular, and 601.614 ± 31.038 kJ during the 

nocturnal period; Table 2.2, Figure 2.1).   

Brant generally expended energy in relation to the amount of hours present in 

each observation period on a monthly basis.  During December, the proportion of 

observed diurnal energy expenditure was lowest and observed nocturnal energy 

expenditure the highest, which coincides with December having the shortest days and 

longest nights compared to other observation months.  This trend can be seen as day 

length, and thus proportion of diurnal energy expenditure, decreases as moving from 

October into November and December and increases moving from December in Janurary 

and February.  Because crepuscular period hours were held constant, proportion of 

observed energy expenditure did not fluctuate greatly during these times.  

The DEETE24 averaged across observation months, accounting for hours present in 

each observation period each month (1,373.945 kJ) was significantly lower than 

estimated DEETED (1,488.540 kJ; t9 = -3.792, P < 0.01). The brant-specific allometric 

method using BMR values provided by Ladin et al. (2011) calculated a DEEA of 1,294.56 

kJ, which did not differ from DEETE24 (t9 = 1.098, P = 0.298).  The second allometric 

method, following values provided by Miller and Eadie (2006) calculated a DEEA of 

1,580.51 kJ, which was significantly higher than DEETE24 (t9 = -2.862, P = 0.017). 
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Discussion 

While it has previously been acknowledged that nocturnal behavioral should be 

accounted for in DEE calculations (Baldassarre et al. 1988, Jorde and Owen 1988, 

McNiel et al. 1992, Baldassarre and Bolen 2006), this is the first study to accurately 

account for behavior, and thus energy expenditure, for Atlantic brant across the full 24 hr 

period.  The results of this study show that energy expenditure during the nocturnal 

period differs compared to diurnal energy expenditure.  The observed decreased in HEE 

nocturnally compared to morning crepuscular and diurnal periods can be attributed to the 

increase in proportion of resting behavior observed during this time (see Chapter 1, Table 

1.1).  High observed DEE in October is most likely a result of small sample size, as 

observations did not begin until the third week of the month, and the fact that migrant 

brant were just beginning to arrive in the study area.  While not quantifiable with this 

dataset, I anecdotally observed higher proportions of flight during this time as migrants 

explored and settled across the area in relation to roosting bays and Ulva concentrations.  

Energy expenditure related to disturbance, while not directly pulled out for analysis, was 

accounted for in the collected behavior data as increases in amounts of observed alert 

and/or flight behavior.  Consequently, estimated energy calculations include the normal 

range of disturbance-related energy expenditure experienced across the study area. 

 Before averaging across months and observation periods, the observed DEETE24 of 

1,373.945 kJ/day is lower than energy estimates calculated by Ladin et al. (2011) of 

1,530 ± 64 kJ/day, whose DEE calculations were based solely on diurnal data.  This 

comparison still holds true when scaling strictly diurnal data (DEETED) from this study to 
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be representative of 24 hrs (1,488.540 kJ/day).  Overall, I recorded less flight across the 

landscape compared to Ladin et al. (2011), which directly translates into lower estimates 

of energy expenditure.  This could be an effect of Ladin et al.’s (2011) values being 

averaged from December to May, with warmer months likely leading to increases in 

observed amounts of flight in relation to reduced costs of thermoregulation associated 

with the behavior.  This comparison holds true when comparing amounts of observed 

flight in relation to temperature of Canada geese wintering in Illinois (Raveling et al. 

1972) and black ducks wintering along coastal Maine (Albright et al. 1983). 

 Reductions in observed energy expenditure moving from October into December 

and January could possibly be explained by brant generally reducing activity as 

temperatures decreased.  These results are similar to observed behavioral, and thus 

energetic, shifts observed in Canada geese wintering in Illinois (Raveling et al. 1972).  As 

temperatures decreased, geese reduced or effectively stopped energetically costly flights 

to forage in agricultural fields.  Additionally, Albright et al. (1983) observed a reduction 

in activity with decreased temperatures for black ducks wintering in Maine.  It is likely 

that birds generally reduce activity in times of cold stress, and thus conserve energy, as a 

result of the costs associated with garnering resources compared to the energy gained 

from food items. 

An increase in the proportion of nocturnal energy expenditure when moving from 

October to December, and a subsequent decrease in nocturnal energy expenditure when 

moving from December to February (Figure 2.1), can likely be attributed to the average 

amount of hours present in each observation period throughout the winter.  The greatest 
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proportion of observed nocturnal energy expenditure and lowest proportion of diurnal 

energy expenditure during December coincides with December having the longest nights 

and shortest days of any other observation month.  Day length has previously been 

described as a possible driver in observed or assumed nocturnal foraging of king eiders 

(Somateria spectabilis), common eiders (S. mollissima), long-tailed ducks (Clangula 

hyemalis; Systad et al. 2000), and Steller’s eiders (Polysticta stelleri) wintering in 

Norway (Systad and Bustnes 2001) as well as surf scoters (Melanitta perspicillata) and 

white-winged scoters (Melanitta fusca) wintering along coastal British Columbia (Lewis 

et al. 2000). 

 Allometric calculations used to achieve DEEA allow low input alternatives to 

labor- and resource-intensive behavior studies.  Results of my study indicate that 

constants used in these equations greatly affect their precision when compared to 

estimates based on behavioral observations.  The constants used to calculate the brant-

specific allometric did a decent job of estimating DEE and were not significantly 

different compared to my calculated DEETE24 based on 24 hr behavioral observations.  

Conversely, using constants averaged across numerous duck and goose species, provided 

by Miller and Eadie (2006), DEE estimates were significantly higher than my DEETE24 

calculation.  Ramifications of using this allometric method would predict lower carrying 

capacity estimates than what the landscape could theoretically support compared to 

DEETE24 and the brant-specific allometric equation. 

Although this result might argue for use of the brant-specific allometric equation to save 

future managers the intensive labor of estimating time-energy budgets based on 



 
	  
	  

60 

behavioral scan samples, the variability of these method’s estimates should be realized.  

Subsequently, carrying capacity estimates should consider a full range of DEE estimates 

to generate a confidence window of population sizes that a landscape is likely to support 

on a yearly basis, taking into account fluctuations in available food biomass and temporal 

variations. 

 

Management Implications 

 My study is the first to fully account for 24 hr energy expenditure of wintering 

Atlantic brant.  Results as such prove that failing to account for the nocturnal period, and 

thus relying on the diurnal period, can cause significant differences when estimating daily 

energy expenditure.  With energy expenditure results calculated from this study, along 

with energy densities of preferred food items quantified by Ladin et al. (2011), managers 

now have two of the three required values for estimating the number of GUDs of Atlantic 

brant wintering habitat (i.e. carrying capacity).  Because brant were observed utilizing 

managed grass areas, landscape-level energy supply estimates should include these areas, 

especially as availability of preferred food items decreases as winter progresses.
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Table 2.1. Average hourly energy expenditure (HEE, in kJ) per observation period allocated by behavior for wintering Atlantic 
brant October-February 2009–2010 and 2010–2011, New Jersey, USA.  
    Observation Period1       

  
Morning 

crepuscular  Diurnal  
Evening 

crepuscular  Nocturnal  24 Hour2 
Behavior     

€ 

x    S.E.    

€ 

x   S.E.   

€ 

x      S.E.   

€ 

x    S.E.   

€ 

x     S.E. 
Feeding  6.081 0.597  10.280 0.196  10.394 0.535  7.836 0.238  9.239 0.143 
Resting  3.012 0.466  3.344 0.123  3.593 0.404  8.499 0.291  5.175 0.131 
Comfort  1.162 0.251  1.547 0.078  1.381 0.220  1.150 0.095  1.380 0.057 
Swimming  27.460 1.091  18.472 0.282  19.871 0.845  19.454 0.401  19.295 0.221 
Alert  0.413 0.113  0.764 0.054  0.827 0.192  0.838 0.088  0.779 0.045 
Flying  28.726 4.641  22.699 1.149  18.107 3.147  11.637 1.096  18.729 0.787 
Walking  0.137 0.072  0.694 0.061  0.923 0.182  0.091 0.032  0.470 0.037 
Agonistic  0.000 0.000  0.030 0.005  0.066 0.025  0.018 0.006  0.026 0.004 

                
Total3   66.991 3.828   57.830 0.970   55.162 2.645   49.524 0.926   55.094 0.663 

1Morning crepuscular (n = 131); Diurnal (n = 959); Evening crepuscular (n = 146); Nocturnal (n = 685) 
2Average hourly energy expenditure by behavior across all observation periods combined 
3Average hourly energy expenditure with standard error per observation period and total 24 hours 
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Table 2.2. Average hourly energy expenditure, hours per observation period, energy expenditure per observation period, and 
total 24 hr energy expenditure by month for wintering Atlantic brant between October 2009–February 2010 and October 2010–
February 2011, New Jersey, USA. 
	  	   	  	   October November December January February 
Average Period     

€ 

x   S.E.  

€ 

x      S.E.  

€ 

x   S.E.   

€ 

x   S.E. 

€ 

x      S.E. 
 kJ / hr Morning 84.54 16.05 78.82 10.50 55.75 5.40 62.02 5.67 65.05 9.73 

	   Diurnal 82.86 6.29 61.19 2.78 54.10 1.67 57.66 1.72 53.00 1.61 

	   Evening 118.43 33.34 55.80 6.64 52.97 5.41 45.75 2.06 66.33 7.68 

	   Nocturnal 60.33 5.22 50.69 2.11 48.83 1.58 46.50 1.15 48.36 2.50 

	   	   	   	   	   	   	   	   	   	   	   	  
Hours / 
period 

Morning 1 	   1 	   1 	   1 	   1 	  Diurnal 9.78 	   9.04 	   8.46 	   8.76 	   9.54 	  
	   Evening 1 	   1 	   1 	   1 	   1 	  
	   Nocturnal 12.22 	   12.95 	   13.54 	   13.29 	   12.44 	  
	   	   	   	   	   	   	   	   	   	   	   	  

kJ / 
Period 

Morning 84.54 16.05 78.82 10.50 55.75 5.40 62.02 5.67 65.05 9.73 
Diurnal 810.20 61.50 553.21 25.17 457.75 14.11 504.92 15.03 505.40 15.37 

	   Evening 118.43 33.34 55.80 6.64 52.97 5.41 45.75 2.06 66.33 7.68 

	   Nocturnal 737.16 63.77 656.23 27.26 661.24 21.43 617.77 15.27 601.61 31.04 

 	  
24 hr 
DEE   

1750.32 96.01 1344.07 39.10 1227.71 26.86 1230.46 22.26 1238.40 36.79 
 
 
 
 



 
	  
	  

70 

Figure 2.1 Percentage energy expenditure per observation period by month.  Total 24 hr energy expenditure with standard error 
given at top of each month column for wintering Atlantic brant between October and February 2009–2011, New Jersey, USA. 
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26.855 kJ 

1,230.46 ± 
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Appendix A 
 

List of models analyzed using Akaike Information Criterion to discern variable 
importance in relation to behavior and observation period 

Model K 
NULL 1 
HUNT 2 
PRECIP 2 
CLOUD 2 
WIND 2 
TEMP 2 
ICE 2 
MOON 2 
TIDE 2 
TIDE+TEMP 3 
TIDE+MOON 3 
TEMP+ICE 3 
CLOUD+TIDE 3 
TEMP+WIND 3 
HUNT+TIDE 3 
HUNT+TEMP 3 
HUNT+MOON 3 
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Appendix B – Tables of AICC model results by behavior and observation period 
 
Observation             

Period Behavior Model K AICC ΔAICC wi 
Morning 

      Crepuscular Feeding ICE 2 -725.895 0.000 0.701 

  
TEMP+ICE 3 -724.000 1.895 0.272 

  
TEMP 2 -716.746 9.149 0.007 

  
TEMP+WIND 3 -716.240 9.655 0.006 

  
HUNT+TEMP 3 -715.403 10.492 0.004 

  
TIDE+TEMP 3 -714.699 11.196 0.003 

  
WIND 2 -713.773 12.122 0.002 

  
NULL 1 -713.713 12.182 0.002 

  
CLOUD 2 -712.227 13.668 0.001 

  
MOON 2 -712.194 13.701 0.001 

  
PRECIP 2 -712.114 13.781 0.001 

  
HUNT 2 -711.841 14.054 0.001 

  
TIDE 2 -711.697 14.198 0.001 

  
CLOUD+TIDE 3 -710.227 15.668 0.000 

  
HUNT+MOON 3 -710.227 15.668 0.000 

  
TIDE+MOON 3 -710.163 15.732 0.000 

    HUNT+TIDE 3 -709.826 16.069 0.000 
 
aK Number of parameters included in model 
b ΔAICC Difference in Akaike value from top model 
cwi Akaike model weight for the ith model 
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Observation             
Period Behavior Model K AICC ΔAICC wi 

Morning 
      Crepuscular Resting CLOUD+TIDE 3 -808.781 0.000 0.444 

  
WIND 2 -807.578 1.203 0.243 

  
TIDE+MOON 3 -805.647 3.134 0.093 

  
TEMP+WIND 3 -805.531 3.251 0.087 

  
TIDE 2 -804.781 4.000 0.060 

  
HUNT+TIDE 3 -803.425 5.357 0.031 

  
TIDE+TEMP 3 -802.780 6.001 0.022 

  
CLOUD 2 -802.038 6.744 0.015 

  
NULL 1 -796.560 12.222 0.001 

  
MOON 2 -796.235 12.546 0.001 

  
HUNT+MOON 3 -795.079 13.703 0.000 

  
HUNT 2 -794.993 13.789 0.000 

  
PRECIP 2 -794.705 14.076 0.000 

  
TEMP 2 -794.683 14.099 0.000 

  
ICE 2 -794.572 14.209 0.000 

  
HUNT+TEMP 3 -793.255 15.526 0.000 

    TEMP+ICE 3 -792.923 15.858 0.000 
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Observation             
Period Behavior Model K AICC ΔAICC wi 

Morning 
      Crepuscular Swimming CLOUD+TIDE 3 -511.994 0.000 0.337 

  
TIDE+TEMP 3 -510.338 1.656 0.147 

  
TIDE 2 -509.537 2.457 0.099 

  
TEMP+WIND 3 -509.385 2.609 0.091 

  
CLOUD 2 -508.864 3.130 0.070 

  
WIND 2 -508.806 3.188 0.068 

  
TIDE+MOON 3 -508.347 3.647 0.054 

  
HUNT+TIDE 3 -508.142 3.852 0.049 

  
TEMP 2 -506.676 5.318 0.024 

  
NULL 1 -505.370 6.624 0.012 

  
HUNT+TEMP 3 -504.962 7.032 0.010 

  
TEMP+ICE 3 -504.672 7.322 0.009 

  
PRECIP 2 -504.521 7.473 0.008 

  
HUNT 2 -504.140 7.854 0.007 

  
ICE 2 -503.911 8.083 0.006 

  
MOON 2 -503.732 8.262 0.005 

    HUNT+MOON 3 -502.322 9.672 0.003 
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Observation             
Period Behavior Model K AICC ΔAICC wi 

Morning 
      Crepuscular Flying TEMP+ICE 3 -627.199 0.000 0.486 

  
ICE 2 -626.732 0.467 0.384 

  
TEMP 2 -622.173 5.026 0.039 

  
TIDE+TEMP 3 -621.864 5.335 0.034 

  
TEMP+WIND 3 -621.408 5.790 0.027 

  
HUNT+TEMP 3 -621.329 5.870 0.026 

  
HUNT+MON 3 -614.545 12.654 0.001 

  
HUNT+TIDE 3 -613.693 13.506 0.001 

  
HUNT 2 -613.639 13.560 0.001 

  
TIDE 2 -613.124 14.075 0.000 

  
WIND 2 -612.906 14.293 0.000 

  
NULL 1 -612.880 14.319 0.000 

  
MOON 2 -612.764 14.435 0.000 

  
TIDE+MOON 3 -612.579 14.619 0.000 

  
CLOUD+TIDE 3 -611.110 16.089 0.000 

  
PRECIP 2 -610.979 16.220 0.000 

    CLOUD 2 -610.979 16.220 0.000 
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Observation             
Period Behavior Model K AICC ΔAICC wi 
Diurnal Feeding HUNT+TEMP 3 -7524.162 0.000 0.998 

  
TEMP+WIND 3 -7510.422 13.740 0.001 

  
TEMP 2 -7509.087 15.075 0.001 

  
TEMP+ICE 3 -7508.736 15.426 0.000 

  
TIDE+TEMP 3 -7507.407 16.755 0.000 

  
CLOUD 2 -7463.852 60.310 0.000 

  
CLOUD+TIDE 3 -7462.199 61.963 0.000 

  
HUNT 2 -7449.257 74.905 0.000 

  
HUNT+MOON 3 -7448.671 75.491 0.000 

  
HUNT+TIDE 3 -7447.253 76.909 0.000 

  
ICE 2 -7444.506 79.656 0.000 

  
PRECIP 2 -7442.374 81.788 0.000 

  
NULL 1 -7441.939 82.223 0.000 

  
MOON 2 -7440.960 83.202 0.000 

  
WIND 2 -7440.561 83.601 0.000 

  
TIDE 2 -7440.131 84.031 0.000 

    TIDE+MOON 3 -7439.172 84.990 0.000 
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Observation             
Period Behavior Model K AICC ΔAICC wi 
Diurnal Resting TIDE+TEMP 3 -9897.618 0.000 1.000 

  
TIDE+MOON 3 -9873.833 23.785 0.000 

  
HUNT+TIDE 3 -9872.408 25.209 0.000 

  
CLOUD+TIDE 3 -9871.488 26.130 0.000 

  
TIDE 2 -9870.383 27.235 0.000 

  
TEMP+WIND 3 -9823.635 73.983 0.000 

  
TEMP 2 -9822.295 75.322 0.000 

  
TEMP+ICE 3 -9820.831 76.787 0.000 

  
HUNT+TEMP 3 -9820.292 77.326 0.000 

  
ICE 2 -9802.610 95.008 0.000 

  
MOON 2 -9799.462 98.156 0.000 

  
HUNT+MOON 3 -9797.779 99.839 0.000 

  
NULL 1 -9797.079 100.539 0.000 

  
WIND 2 -9796.466 101.151 0.000 

  
HUNT 2 -9795.526 102.092 0.000 

  
CLOUD 2 -9795.098 102.520 0.000 

    PRECIP 2 -9795.077 102.541 0.000 
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Observation             
Period Behavior Model K AICC ΔAICC wi 
Diurnal Swimming HUNT+TIDE 3 -6525.739 0.000 0.999 

  
HUNT+TEMP 3 -6510.017 15.722 0.000 

  
HUNT+MOON 3 -6509.319 16.420 0.000 

  
HUNT 2 -6508.008 17.731 0.000 

  
TIDE+TEMP 3 -6500.553 25.186 0.000 

  
CLOUD+TIDE 3 -6497.773 27.966 0.000 

  
TIDE+MOON 3 -6495.584 30.155 0.000 

  
TIDE 2 -6495.521 30.218 0.000 

  
TEMP+WIND 3 -6492.587 33.152 0.000 

  
TEMP+ICE 3 -6490.401 35.338 0.000 

  
ICE 2 -6489.649 36.090 0.000 

  
TEMP 2 -6489.147 36.592 0.000 

  
WIND 2 -6486.417 39.322 0.000 

  
MOON 2 -6484.731 41.009 0.000 

  
NULL 1 -6484.424 41.315 0.000 

  
CLOUD 2 -6483.994 41.745 0.000 

    PRECIP 2 -6482.718 43.021 0.000 
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Observation             
Period Behavior Model K AICC ΔAICC wi 
Diurnal Flying TEMP+WIND 3 -8513.483 0.000 1.000 

  
TEMP 2 -8494.348 19.134 0.000 

  
TEMP+ICE 3 -8493.398 20.085 0.000 

  
TIDE+TEMP 3 -8492.387 21.095 0.000 

  
HUNT+TEMP 3 -8492.345 21.138 0.000 

  
CLOUD 2 -8486.443 27.040 0.000 

  
CLOUD+TIDE 3 -8485.036 28.447 0.000 

  
WIND 2 -8483.633 29.850 0.000 

  
ICE 2 -8477.099 36.384 0.000 

  
MOON 2 -8474.820 38.663 0.000 

  
HUNT+MOON 3 -8473.467 40.015 0.000 

  
TIDE+MOON 3 -8472.816 40.666 0.000 

  
NULL 1 -8470.222 43.261 0.000 

  
PRECIP 2 -8468.671 44.811 0.000 

  
HUNT 2 -8468.643 44.840 0.000 

  
TIDE 2 -8468.233 45.249 0.000 

    HUNT+TIDE 3 -8466.696 46.787 0.000 
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Observation             
Period Behavior Model K AICC ΔAICC wi 
Evening 

      Crepuscular Feeding TEMP+ICE 3 -887.644 0.000 0.487 

  
ICE 2 -883.640 4.004 0.066 

  
WIND 2 -883.412 4.232 0.059 

  
HUNT+TEMP 3 -883.340 4.304 0.057 

  
TEMP+WIND 3 -883.022 4.622 0.048 

  
TEMP 2 -882.794 4.850 0.043 

  
MOON 2 -882.530 5.114 0.038 

  
NULL 1 -882.219 5.425 0.032 

  
HUNT 2 -882.114 5.530 0.031 

  
HUNT+MOON 3 -881.845 5.799 0.027 

  
HUNT+TIDE 3 -881.580 6.065 0.023 

  
TIDE+MOON 3 -881.554 6.090 0.023 

  
TIDE 2 -881.085 6.559 0.018 

  
TIDE+TEMP 3 -880.873 6.771 0.016 

  
PRECIP 2 -880.346 7.298 0.013 

  
CLOUD 2 -880.208 7.436 0.012 

    CLOUD+TIDE 3 -879.075 8.569 0.007 
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Observation             
Period Behavior Model K AICC ΔAICC wi 
Evening 

      Crepuscular Resting HUNT+TIDE 3 -1049.590 0.000 0.678 

  
HUNT+TEMP 3 -1047.574 2.015 0.248 

  
HUNT 2 -1044.292 5.298 0.048 

  
HUNT+MOON 3 -1042.797 6.792 0.023 

  
TIDE 2 -1035.742 13.848 0.001 

  
TIDE+MOON 3 -1035.624 13.966 0.001 

  
CLOUD+TIDE 3 -1035.467 14.123 0.001 

  
TIDE+TEMP 3 -1034.938 14.652 0.000 

  
ICE 2 -1034.068 15.522 0.000 

  
TEMP+ICE 3 -1033.863 15.727 0.000 

  
NULL 1 -1033.885 15.705 0.000 

  
TEMP+WIND 3 -1033.687 15.902 0.000 

  
MOON 2 -1033.486 16.104 0.000 

  
CLOUD 2 -1032.422 17.168 0.000 

  
PRECIP 2 -1032.093 17.496 0.000 

  
WIND 2 -1021.147 28.443 0.000 

    TEMP 2 -998.173 51.416 0.000 
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Observation             
Period Behavior Model K AICC ΔAICC wi 
Evening 

      Crepuscular Swimming HUNT+TEMP 3 -750.476 0.000 0.505 

  
ICE 2 -748.684 1.792 0.206 

  
TEMP+ICE 3 -747.957 2.518 0.143 

  
HUNT+MOON 3 -746.855 3.620 0.083 

  
HUNT 2 -744.619 5.857 0.027 

  
HUNT+TIDE 3 -743.775 6.701 0.018 

  
TEMP+WIND 3 -742.228 8.248 0.008 

  
TEMP 2 -740.844 9.632 0.004 

  
TIDE+TEMP 3 -739.027 11.448 0.002 

  
PRECIP 2 -737.908 12.568 0.001 

  
MOON 2 -737.591 12.884 0.001 

  
NULL 1 -737.308 13.167 0.001 

  
WIND 2 -737.034 13.441 0.001 

  
TIDE+MOON 3 -735.748 14.728 0.000 

  
TIDE 2 -735.542 14.934 0.000 

  
CLOUD 2 -735.533 14.942 0.000 

    CLOUD+TIDE 3 -733.648 16.828 0.000 
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Observation             
Period Behavior Model K AICC ΔAICC wi 
Evening 

      Crepuscular Flying HUNT+TEMP 3 -1011.102 0.000 0.783 

  
HUNT+MOON 3 -1007.862 3.240 0.155 

  
TIDE+TEMP 3 -1004.652 6.450 0.031 

  
HUNT 2 -1002.990 8.112 0.014 

  
HUNT+TIDE 3 -1001.489 9.614 0.006 

  
TEMP+WIND 3 -1000.121 10.981 0.003 

  
TEMP 2 -999.983 11.119 0.003 

  
TEMP+ICE 3 -999.148 11.955 0.002 

  
MOON 2 -996.827 14.275 0.001 

  
TIDE+MOON 3 -996.753 14.350 0.001 

  
ICE 2 -996.618 14.485 0.001 

  
CLOUD+TIDE 3 -995.334 15.769 0.000 

  
NULL 1 -994.703 16.399 0.000 

  
CLOUD 2 -994.461 16.641 0.000 

  
TIDE 2 -994.322 16.780 0.000 

  
WIND 2 -993.474 17.628 0.000 

    PRECIP 2 -993.215 17.887 0.000 
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Observation             
Period Behavior Model K AICC ΔAICC wi 

Nocturnal Feeding TIDE+TEMP 3 -5026.184 0.000 1.000 

  
HUNT+TIDE 3 -5002.937 23.247 0.000 

  
CLOUD+TIDE 3 -4985.165 41.019 0.000 

  
TIDE+MOON 3 -4979.697 46.487 0.000 

  
HUNT+TEMP 3 -4973.875 52.309 0.000 

  
TIDE 2 -4972.971 53.213 0.000 

  
TEMP+ICE 3 -4965.566 60.618 0.000 

  
HUNT+MOON 3 -4963.633 62.551 0.000 

  
HUNT 2 -4957.990 68.194 0.000 

  
TEMP 2 -4954.912 71.272 0.000 

  
TEMP+WIND 3 -4953.227 72.957 0.000 

  
CLOUD 2 -4919.602 106.583 0.000 

  
PRECIP 2 -4916.318 109.866 0.000 

  
MOON 2 -4915.951 110.233 0.000 

  
NULL 1 -4911.947 114.237 0.000 

  
WIND 2 -4910.038 116.146 0.000 

    ICE 2 -4909.985 116.199 0.000 
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Observation             
Period Behavior Model K AICC ΔAICC wi 

Nocturnal Resting TIDE+TEMP 3 -4250.195 0.000 1.000 

  
CLOUD+TIDE 3 -4213.638 36.557 0.000 

  
TIDE+MOON 3 -4212.820 37.375 0.000 

  
HUNT+TIDE 3 -4205.036 45.159 0.000 

  
TIDE 2 -4201.715 48.481 0.000 

  
TEMP+WIND 3 -4161.635 88.560 0.000 

  
HUNT+TEMP 3 -4146.811 103.384 0.000 

  
TEMP 2 -4146.464 103.731 0.000 

  
TEMP+ICE 3 -4144.967 105.229 0.000 

  
HUNT+MOON 3 -4131.644 118.551 0.000 

  
HUNT 2 -4123.676 126.520 0.000 

  
ICE 2 -4119.315 130.880 0.000 

  
WIND 2 -4118.707 131.489 0.000 

  
MOON  2 -4116.795 133.400 0.000 

  
CLOUD 2 -4116.423 133.772 0.000 

  
NULL 1 -4109.909 140.286 0.000 

    PRECIP 2 -4108.033 142.162 0.000 
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Observation             
Period Behavior Model K AICC ΔAICC wi 

Nocturnal Swimming HUNT+TIDE 3 -3908.419 0.000 0.977 

  
HUNT+TEMP 3 -3900.904 7.515 0.023 

  
HUNT 2 -3887.397 21.022 0.000 

  
TIDE+TEMP 3 -3887.181 21.238 0.000 

  
HUNT+MOON 3 -3885.674 22.745 0.000 

  
TEMP+ICE 3 -3882.674 25.745 0.000 

  
TEMP+WIND 3 -3881.253 27.167 0.000 

  
TEMP 2 -3880.469 27.950 0.000 

  
PRECIP 2 -3855.309 53.110 0.000 

  
TIDE 2 -3850.231 58.188 0.000 

  
TIDE+MOON 3 -3849.246 59.173 0.000 

  
CLOUD+TIDE 3 -3848.540 59.879 0.000 

  
WIND 2 -3844.763 63.656 0.000 

  
NULL 1 -3840.730 67.689 0.000 

  
ICE 2 -3839.786 68.633 0.000 

  
CLOUD 2 -3839.391 69.028 0.000 

    MOON 2 -3839.385 69.034 0.000 
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Observation             
Period Behavior Model K AICC ΔAICC wi 

Nocturnal Flying TEMP+WIND 3 -6683.047 0.000 1.000 

  
HUNT+TEMP 3 -6663.331 19.716 0.000 

  
TEMP+ICE 3 -6657.612 25.436 0.000 

  
TEMP 2 -6656.102 26.946 0.000 

  
TIDE+TEMP 3 -6654.120 28.927 0.000 

  
HUNT+MOON 3 -6650.082 32.966 0.000 

  
HUNT+TIDE 3 -6649.313 33.734 0.000 

  
HUNT 2 -6648.944 34.103 0.000 

  
WIND 2 -6642.862 40.185 0.000 

  
ICE 2 -6640.186 42.861 0.000 

  
PRECIP 2 -6632.559 50.488 0.000 

  
MOON 2 -6624.533 58.514 0.000 

  
NULL 1 -6624.144 58.903 0.000 

  
CLOUD 2 -6623.467 59.581 0.000 

  
TIDE+MOON 3 -6622.764 60.283 0.000 

  
TIDE 2 -6622.472 60.575 0.000 

    CLOUD+TIDE 3 -6621.698 61.349 0.000 
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APPENDIX C – Table of disturbance recorded across landscape during four observation periods, October 2009 – 
February 2010 and October 2010 – February 2011, New Jersey, USA. 

 

 
 Observation Period 

  
 

 Morning 
crepuscular  Diurnal  

Evening 
crepuscular  Nocturnal   Disturbance 

    
Total 

           Scans with disturbance 4 
 

77 
 

0 
 

8 
 

89 

           Scans per period  257 
 

3,164 
 

345 
 

2,096 
 

5,862 
            Disturbances per scan 0.016 

 
0.024 

 
0 

 
0.004 

 
0.015 

           Hunting Boat 1 
 

11 
   

1 
 

13 
Commercial Fishing/Clamming  

 
18 

     
18 

Recreational Fishing/Clamming  
 

4 
   

2 
 

6 

 
Pleasure Boat  

 
2 

   
1 

 
3 

Hunting (Gun shots) 3 
 

6 
     

9 

 
Pedestrian  

 
6 

     
6 

 
Vehicle  

 
4 

     
4 

Fixed-wing aircraft  
 

5 
   

2 
 

7 

 
Helicopter  

 
6 

     
6 

 
Avian Predator  

 
1 

     
1 

  Unknown  
 

14 
   

2 
 

16 
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