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ABSTRACT. Grassland birds, including Bobolinks (Dolichonyx oryzivorus), have experienced steep population declines across their
breeding range in North America. Because of these declines, Bobolinks were listed as threatened by the Ontario and Canadian
governments. We assessed nest survival across land-cover types and uses to identify pertinent factors important for conservation of
this species-at-risk. We analyzed nest survival for 463 Bobolink nests monitored over 6 years from 3 regions across southern and eastern
Ontario, Canada. We used RMark to analyze daily survival rate of nests by assessing 53 models that incorporated temporal, local, and
landscape variables. Daily survival rate of Bobolink nests was strongly associated with cattle (Bos taurus) stocking rate (cattle-days/
ha) and date. Daily survival rate decreased across the nesting season from 0.98 (CI 95% = 0.97-0.99) to 0.92 (CI 95% = 0.87-0.95).
Stocking rate was the only important local variable and was negatively associated with daily survival rate, which decreased from 0.96
(CI 95% = 0.96-0.97) to 0.69 (CI 95% = 0.51-0.82) as stocking rate increased from 0 to 243 cattle-days/ha. Landscape variables, including
region, percent forest, cropland, and grassland within 2, 5, and 10 km, were not in competitive models. Our results suggest that all field
uses we studied have potential for conservation actions because daily survival rate of nests did not vary significantly across late-cut
hayfields, fallow fields, restored grasslands, or pastures; however, stocking rate is important in pastures. In grazed pastures where
Bobolink conservation is a priority, we recommend keeping stocking rates low (≤ 40 cattle-days/ha) when most Bobolink nests are
active, e.g., 21 May (earliest date of incubation) through 30 June (one week after median date of fledging for first nesting attempts) in
our study area.

Facteurs affectant la survie des nids de goglus des prés entre les différents types de prairie
RÉSUMÉ. Les oiseaux des prairies, y compris les goglus des prés (Dolichonyx oryzivorus), ont subi de forts déclins de leurs populations
sur l'ensemble de leur territoire de reproduction en Amérique du Nord. En raison de cette baisse, le goglu des prés a été répertorié
parmi les espèces menacées par les gouvernements de l'Ontario et du Canada. Nous avons évalué la survie des nids sur l'ensemble des
types et utilisations de couvertures végétales afin d'identifier les facteurs pertinents importants pour la conservation de cette espèce
menacée. Nous avons analysé la survie de 463 nids de goglus des prés placés sous surveillance pendant plus de 6 ans dans 3 régions du
sud et de l'est de l'Ontario, au Canada. Nous avons utilisé la méthode RMark pour analyser le taux de survie quotidien des nids en
évaluant 53 modèles intégrant des variables temporelles, locales et paysagères. Le taux de survie quotidien des nids de goglus des prés
était étroitement lié à la densité d'occupation du bétail (Bos taurus) (journées de pâture par hectare) et à la date. Le taux de survie
quotidien a diminué au cours de la saison de nidification, passant de 0,98 (intervalle de confiance de 95 % = 0,97-0,99) à 0,92 (intervalle
de confiance de 95 % = 0,87-0,95). La densité d'occupation du bétail était la seule variable locale importante et a produit des conséquences
négatives sur le taux de survie quotidien, lequel est passé de 0,96 (intervalle de confiance de 95 % = 0,96-0,97) à 0,69 (intervalle de
confiance de 95 % = 0,51-0,82) tandis que la densité d'occupation du bétail augmentait de 0 à 243 jours de pâture par hectare. Les
variables paysagères, telles que la région, le pourcentage de forestation, le pourcentage de terres cultivées et les prairies dans un rayon
de 2, 5 et 10 km, n'étaient pas prises en compte dans les modèles compétitifs. Nos résultats suggèrent que toutes les utilisations de
terrain que nous avons examinées pourraient donner lieu à des mesures de conservation, car le taux de survie quotidien des nids ne
variait pas énormément entre les champs à fauche tardive, les champs en jachère, les prairies restaurées ou les pâturages ; en revanche,
la densité d'occupation du bétail est importante dans les pâturages. Dans les pâturages occupés où la conservation du goglu des prés
est prioritaire, nous recommandons de maintenir la densité d'occupation du bétail à un niveau faible (≤ 40 jours de pâture par hectare)
pendant la période d'activité de la plupart des nids de goglus des prés, c'est-à-dire du 21 mai (la date d'incubation la plus précoce) au
30 juin (une semaine après la date médiane d'envol des oisillons pour la première tentative de nidification) dans notre zone d'étude.

Key Words: farmland birds; grassland birds; landscape ecology; land sharing; range management; restored grassland; RMark; rotational
grazing; spatial scale; species at risk

INTRODUCTION
Grassland birds in North America are experiencing population
declines partially driven by loss of breeding habitat and changes

in land use (Perlut et al. 2006, Sauer et al. 2013, 2017, Rosenberg
et al. 2019). The Bobolink (Dolichonyx oryzivorus) is an obligate
grassland bird that breeds across southern Canada and the
northern United States (Renfrew et al. 2015). The Bobolink
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population declined by 76% in Canada and 80% in Ontario from
1970 to 2017, based on Breeding Bird Survey data (Smith et al.
2019). Because of these steep declines, the Bobolink is currently
listed as threatened by the Ontario and Canadian governments
(since 2010 and 2017, respectively; Government of Canada 2017,
Government of Ontario 2019). Factors on the breeding grounds
that may contribute to this population decline include changes in
land use resulting in loss of breeding habitat and changes in
management resulting in low fecundity due to incidental nest
mortality caused by agriculture operations, including hay harvest
and trampling by livestock (Herkert et al. 1996, Herkert 1997,
MacDonald and Nol 2017).  

Existing research indicates that the nest survival of ground-
nesting grassland birds can be influenced by a number of different
variables. One local variable (within a field and the immediate
surrounding area, i.e., ≤ 250 m of nests) of particular importance
is cattle (Bos taurus) stocking rate (i.e., no. cattle × days a field is
grazed/area of the field; Campomizzi et al. 2019). Studies have
shown that as the number of cattle and number of days spent
grazing increased within a field (i.e., stocking rate increases), nests
experienced an increased risk of failure due to trampling (i.e.,
cattle step or lay on nests; Jensen et al. 1990, Perlut and Strong
2011, MacDonald and Nol 2017, Campomizzi et al. 2019). A
reduction in vegetative cover from cattle grazing can also affect
the survival of grassland bird nests by increasing the visibility of
nests to predators (Paine et al. 1996, Sutter and Ritchison 2005).
The grazing system used to manage a pasture, such as rotational
grazing, i.e., cattle are moved through multiple fields of
subdivided pasture during the grazing season, and continuous
grazing, i.e., cattle have access to a pasture for an unrestricted
amount of time, can also affect nest survival. Stocking rates are
often high in rotationally grazed fields (Jensen et al. 1990); thus,
nest survival in these fields has been shown to be lower than in
continuously grazed fields (Temple et al. 1999).  

Additional variables that have been found to influence nest
survival include field use, field area, and distance to forest edge.
Studies comparing grassland bird nest survival across field uses
have shown that nests are more successful in late-cut hayfields in
which harvest is delayed until after nesting, compared to cattle
pastures (Perlut et al. 2006, MacDonald and Nol 2017, Pintaric
et al. 2019), ungrazed areas compared to grazed pastures (Temple
et al. 1999), and restored fields compared to row crops (Patterson
and Best 1996). Field use, i.e., pasture and hayfield, was not found
to affect the relationship between distance to edge and daily nest
survival for Bobolinks (Renfrew et al. 2005, Perkins et al. 2013).
Nests monitored in large fields with large core areas had high
daily nest survival because edge effects, e.g., enhanced risk of
predation, were low (Johnson and Temple 1990, Herkert et al.
2003). Nest survival within 50 m of forested edges had lower daily
survival compared to nests > 100 m from any edge type, likely due
to a higher risk of predation (Bollinger and Gavin 2004). In
contrast, both Renfrew et al. (2005) and Perkins et al. (2013)
concluded that although Bobolinks nested farther from edges
than expected, distance to edge had no detectable effect on nest
survival and nest survival did not vary among wooded and
nonwooded edge types. Edge effects on nest survival may be
difficult to detect because nest losses from predators associated
with edges could be masked by the effects of nest losses by
predators that are associated with grasslands (Renfrew et al. 2005,
Ellison et al. 2013).  

Temporal variables, including date and nest age, also influence
the daily survival rate of nests. The association between these
temporal variables and the daily nest survival rates of grassland
birds varies among studies. Some studies have found that nest
survival increases throughout the breeding season, possibly
related to an increase in vegetation height and protective cover
(Lanyon 1957); whereas, others have found a decline in nest
survival as the breeding season progresses, possibly due to an
increase in predator abundance and movements, i.e., dispersal of
individuals, later in the season (Grant et al. 2005). The effect of
nest age on nest survival is inconsistent across studies, with some
finding lower nest survival during incubation (Winter 1999), some
finding lower nest survival during the nestling stage (Davis 2003),
and others reporting no difference in nest survival across nest age
(Pietz and Granfors 2000). This inconsistent effect of nest age
among studies may be caused by differences among species,
regions, or predator assemblages (Grant et al. 2005).  

The composition of the surrounding landscape can also affect
nest survival because landscapes can affect the distribution,
abundance, and composition of predators in an area, thus
influencing patterns of nest predation (Bergin et al. 2000, Horn
et al. 2005, Tewksbury et al. 2006). The association between nest
predation and landscape composition is complex and differs
across spatial scales (Bergin et al. 2000, Horn et al. 2005,
Tewksbury et al. 2006). For example, nest survival was higher for
ground-nesting ducks in landscapes with higher amounts of
grassland cover within 10 to 41 km², likely due to differences in
predator assemblages (Greenwood et al. 1995, Reynolds et al.
2001, Phillips et al. 2003, Horn et al. 2005). In contrast, studies
assessing the effects of landscape composition measured within
200 m to 16 km² around grassland songbird nests found no
significant association between landscape composition and nest
survival (McMaster et al. 2005, Koper and Schmiegelow 2006,
Winter et al. 2006). The lack of a consistent landscape effect on
nest survival among ground-nesting birds may be explained by
differences in the composition of nest predator assemblages and
the distance to vegetation where predators are abundant or active,
such as forests (Bergin et al. 2000, Pietz and Granfors 2000), and
therefore can differ depending on the study area. Because nest
predation is one of the leading causes of nest failure for many
bird species (Ricklefs 1969, Martin 1993), it is important to assess
the effects of landscape composition given the strong influence
of the landscape on predator assemblages and the variation in
this relationship across studies and spatial scales (Bergin et al.
2000, Horn et al. 2005, Tewksbury et al. 2006).  

Despite existing research, knowledge gaps persist regarding how
daily survival rates of Bobolink nests vary across land-cover types
and uses at different spatial scales, i.e., local and landscape scales
(OMNRF 2015, Renfrew et al. 2015). These gaps are important
to address given that daily survival rate, i.e., the probability a nest
survives one day (Mayfield 1961, Dinsmore et al. 2002), is a useful
metric, albeit imperfect (Jones et al. 2005), for informing
conservation efforts by identifying areas that are most conducive
to successful reproduction. We specifically addressed how daily
survival rates of Bobolink nests vary across land-cover types and
uses at different spatial scales by collating Bobolink nest
monitoring data from previous projects that had various
objectives (MacDonald and Nol 2017, Campomizzi et al. 2019,
Pintaric et al. 2019) and collecting additional nest data to assess
which variables had the greatest influence on daily survival rates.  
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We hypothesized that a combination of (1) local, i.e., within a
field and ≤ 250 m of nests, (2) landscape, i.e., region and land
cover within 2, 5, and 10 km of nests, and (3) temporal variables
would influence the daily survival rate of Bobolink nests.
Specifically, we predicted, based on the existing literature, that
stocking rate would have a strong negative effect on the daily
survival rate of Bobolink nests; whereas, field area and distance
to forest edge would be positively associated with daily survival
rates. We also predicted that landscapes with more grassland cover
and less forest cover would positively affect daily survival rate of
Bobolink nests because landscape composition strongly
influences predator assemblages and thus nest predation.
Additionally, we predicted that the daily survival rate of Bobolink
nests would vary among regions and across the breeding season
because of potential differences in predator and prey abundance
and vegetation height caused by variation in annual precipitation
and differences in land use and management (George et al. 1992,
Grant et al. 2005, Pintaric et al. 2019).

METHODS

Study area
We included nest monitoring data from three regions of Ontario,
Canada, which support medium to high abundances of Bobolinks
(Cadman et al. 2007): (1) Renfrew region during 2012, 2013, 2016,
and 2017 in late-cut hayfields and cattle pastures that were
rotationally grazed, continuously grazed, or ungrazed, (2) Carden
region during 2015 and 2016 in late-cut hayfields and
continuously grazed cattle pastures (hereafter Carden region),
and (3) Dufferin, Grey, Simcoe, and Wellington Counties
(hereafter Dufferin region; Fig. 1). These three regions are
predominantly rural, consisting of pastures, hayfields, row crops,
forests, and wetlands. We monitored nests during the breeding
season, May through July, in: (1) Renfrew region during 2012,
2013, 2016, and 2017 in cattle pastures, rotationally grazed,
continuously grazed, and ungrazed, and late-cut hayfields, (2)
Carden region during 2015 and 2016 in cattle pastures,
continuously grazed and late-cut hayfields, and (3) Dufferin
region during 2018 in late-cut hayfields, fallow, and restored fields
(Table 1). Field use was inconsistent across years and regions;
thus, we acknowledge that both year and region are confounded
by field use in our study.  

We monitored nests in privately owned cattle pastures, in which
fields were (1) rotationally grazed, i.e., cattle moved through and
grazed ≥ three fields of subdivided pasture during the Bobolink
breeding season beginning in May to 15 July, (2) continuously
grazed, i.e., cattle had unrestricted access to ≥ one field[s]
throughout the breeding season (OMAFRA 2012), or (3) left
ungrazed, i.e., neither cut nor grazed during the breeding season.
We also monitored nests in privately owned fallow fields and late-
cut hayfields, i.e., cut after 15 July (hereafter hayfields), as well as
fallow and restored fields in the Luther Marsh Wildlife
Management Area in Dufferin region, none of which were grazed.
We categorized fields as restored if  they were seeded with various
native seed mixes for grassland restoration, and fallow if  they
were not being farmed and had been left to naturalize. All the
fallow fields were formerly hay or crop fields and at least four
fields had not been farmed for at least eight years. Vegetation in
pastures and hayfields was primarily cool-season grasses, i.e.,

Fig. 1. Map of study area in Ontario, Canada, where we
monitored 463 Bobolink nests in 3 regions across 6 years:
Renfrew (2012, 2013, 2016, 2017), Carden (2015, 2016), and
Dufferin (2018).

Table 1. Number of Bobolink (Dolichonyx oryzivorus) nests
monitored during six years across field types in Renfrew, Carden,
and Dufferin regions of Ontario, Canada.
 
Year Region Field use, grazing type No. nests

2012 Renfrew Pasture, rotational 7
Hayfield 4
Ungrazed 5

2013 Renfrew Pasture, rotational 12
Hayfield 31
Ungrazed 5

2015 Carden Pasture, continuous 23
Hayfield 10

2016 Carden Pasture, continuous 35
Hayfield 18

2016 Renfrew Pasture, rotational 18
Ungrazed 8

2017 Renfrew Pasture, rotational 53
Pasture, continuous 11
Ungrazed 17
Hayfield 1

2018 Dufferin Restored 102
Fallow 51
Hayfield 52

Total 463

orchard grass (Dactylis glomerata), brome (Bromus spp.), timothy
(Phleum pratense) and secondarily, forbs, i.e., alfalfa (Medicago
sativa) and clover (Trifolium spp.). Vegetation in restored fields
was primarily forbs, i.e., goldenrod (Solidago spp.) and vetch
(Vicia spp.) and secondarily, cool-season grasses, i.e., Canada
bluegrass (Poa compressa) and redtop (Panicum rigidulum);
whereas grass, i.e., Canada bluegrass and redtop, and forb cover,
i.e., goldenrod and vetch, were variable among fallow fields.
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Nest monitoring
We monitored Bobolink nests from mid-May to late July each
year. We searched for nests using behavioral cues from adult
birds and systematic searching (Martin and Geupel 1993, Winter
et al. 2003). We did not approach nests when females were nest
building to minimize the risk of abandonment. When we located
a nest, we recorded its Global Positioning System (GPS)
coordinates, accurate to approximately 3 m, with various hand-
held devices. We visited nests approximately once every 3 days,
on the expected fledge date, i.e., nestling age 11 days, and each
subsequent day until young fledged or the nest failed. We
documented the nest contents, e.g., number of eggs or young
and condition of nest or young, and adult behavior on each visit.  

When we found an inactive nest, we used adult behavior, age of
nestlings on the previous nest check, and condition of the nest
to determine the fate of the nest, i.e., fledged, trampled,
depredated, or other, e.g., abandoned. We considered nests
fledged when nestlings were near fledging age on the previous
visit and we observed adults (1) carrying food to multiple
locations near (< 40 m) the nest; (2) alarm calling constantly; (3)
repeatedly flying ≤ 5 m of us; (4) flicking their wings and tail
when we entered their territory; or (5) attempting to lead us away
from the nest location. In addition to adult behavior, we visited
the nest to record further evidence of fledging, e.g., an empty
nest cup, condition of the nest, feces left from fledglings (Renfrew
et al. 2005). We considered a nest to be trampled if  we found
evidence of cattle movements around the nest location, i.e.,
flattened or chewed vegetation, and either saw a flattened nest
or did not observe the adult birds tending to the nest if  we were
unable to relocate the nest. It is possible that some nests may
have been depredated first and then trampled, in which case the
frequency of failure caused by trampling could be overestimated.
We considered a nest depredated if  we found an empty nest after
the nest contained eggs or nestlings on the previous visit and we
did not observe evidence of fledged young. We considered a nest
failed for other reasons, including death by natural causes or
abandonment, if  we found dead young or cold eggs in the nest
and no adult birds tending the nest on more than one visit.  

We determined nest initiation date, i.e., first-egg date, by
backdating from known or estimated hatch date, age of nestlings,
or fledge date, assuming one egg was laid per day, incubation
occurred for 12 days, and nestlings developed in the nest for 11
days before fledging (Martin 1974, Renfrew et al. 2015).

Local variables
We examined the following local variables for inclusion in
analyses: (1) field use, (2) field area, (3) stocking rate, (4) distance
to forest edge, and (5) percent land-cover types within a 250 m
buffer of each nest (Table 2).  

We documented field use as hayfield, fallow, restored,
rotationally grazed pasture, continuously grazed pasture, or
ungrazed pasture, for each year and field in which Bobolink nests
were found. We calculated field area (ha) using ArcGIS (ESRI
2018, ArcGIS Desktop, version 10.6.1) and ground truthed GPS
coordinates at field corners and edges. A field was defined as the
area within edges including fence lines, hedge rows, roadways,
tree lines, or a combination of these.

Table 2. Summary statistics for all predictor variables included in
nest survival models collated for 463 Bobolink (Dolichonyx
oryzivorus) nests monitored in Ontario, Canada. Percent
landscape composition variables based on annual crop inventory
data (Agriculture and Agri-Food Canada 2018, 2019a).
 
Variable Mean Median Min. Max.

Field area (ha) 16.0 9.3 1.4 161.8
Stocking rate (cattle-days/ha)† 12.5 0.0 0.0 243.1
Distance to forest edge (m) 176.8 150.9 4.0 929.6
% grassland250‡ 68.6 74.0 4.2 100.0
% cropland250‡ 7.9 2.7 0.0 48.1
% forest250‡ 6.8 3.1 0.0 52.4
% shrubland250‡ 4.5 2.3 0.0 78.5
% water250‡ 1.8 0.0 0.0 39.4
% grassland2§ 32.1 27.3 8.7 67.5
% cropland2§ 20.9 16.8 0.0 61.4
% forest2§ 20.8 19.3 4.2 54.2
% forest5| 22.2 21.1 10.0 46.4
% grassland10¶ 22.6 21.9 9.7 57.1
† Number of cattle x days grazed/area grazed.
‡ Within a 250 m buffer around each nest.
§ Within a 2 km buffer around each nest.
|Within a 5 km buffer around each nest.
¶ Within a 10 km buffer around each nest.

We calculated peak-season stocking rate (hereafter, stocking rate;
cattle-days/ha) for each grazed pasture as the product of the
number of cattle and the number of days each field was grazed
from the earliest date of incubation (21 May) through the median
date of fledging (23 June) of suspected first nesting attempts, i.e.,
when most nests were active during our study, divided by the area
of the field (ha). We used these dates to calculate the stocking rate
because Campomizzi et al. (2019) found this metric was a better
predictor of the probability of young Bobolinks fledging from
territories compared to the stocking rate across the entire breeding
season. Although various metrics for stocking rate occur in the
literature, this calculation provides a number that increases with
an increasing number of cattle and days of grazing, and decreases
with increasing area grazed (Guthery and Bingham 1996). We
were interested in the impact of grazing cattle on Bobolinks, not
the amount of forage required for cattle. Therefore, we counted
cow-calf  pairs as 1.5 cattle because we suspected that grazing,
trampling, and laying by a calf  would be equal to about half  the
impacts of a cow (Campomizzi et al. 2019). For rotationally
grazed pastures grazed on multiple occasions during 21 May-23
June, we summed the stocking rate across these occasions for each
pasture to account for the increased grazing pressure. If  the
number of cattle changed during 21 May-23 June, we summed
the corresponding stocking rates to account for the change in
grazing pressure. The mean stocking rate was 63.6 cattle-days/ha
(range = 0-243.1, n = 37 pastures) in rotationally grazed pasture,
and 20.2 cattle-days/ha (range = 0-57.4, n = 24 pastures) in
continuously grazed pasture.  

We calculated distance to forest edge (m) using the Near tool in
ArcGIS and the Ontario Annual Crop Inventory (ACI) raster
layer (AAFC 2018, 2019a) corresponding to the year each nest
was active. The ACI consistently delivers a land-cover raster that
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meets the overall target accuracy of at least 85% at a resolution
of 30 m (AAFC 2019b). We defined forest using the ACI
guidelines, as predominantly treed areas and we combined the
four ACI forest-cover types including coniferous, broadleaf,
mixed wood, and undifferentiated (AAFC 2019b) into one forest-
cover type. Forest edge was defined as the transition from forest
cover to another land-cover type (e.g., pasture and forage).  

We estimated the percent of land-cover types (e.g., forest,
cropland, and grassland) at the local scale of a 250 m buffer
around each nest. We assumed that a buffer distance of 250 m
would be representative of the effects of local habitat composition
because it includes the area in the immediate vicinity of the nest
and it is substantially smaller than the scale of landscape variables
we wanted to investigate (i.e., 2, 5, and 10 km). We defined land-
cover types using ACI definitions (AAFC 2019b). Cropland
included a combination of all crop types listed by the ACI, defined
as agricultural land including annual and perennial crops. Pasture
and forage included tame grasses and other perennial crops such
as alfalfa and clover grown alone or mixtures for hay, pasture, or
seed. Grassland included predominantly native grasses and other
herbaceous vegetation, as well as some shrubland. Because there
were only small percentages of grassland identified by the ACI
surrounding nests we monitored (mean at 2 km = 3%, 5km = 2%,
10 km = 2%), we combined grassland with pasture and forage
into one cover type, which we refer to hereafter as grassland.  

We tested for collinearity among local variables using Pearson’s
correlation coefficient (r). If  variables were strongly correlated (|
r| ≥ 0.60; Evans 1996), they were not included in the same model
to avoid multicollinearity. Ultimately, we included the local
variables: stocking rate, field use, field area, distance to forest
edge, and percent grassland, forest, cropland, shrubland, and
water within a 250 m buffer around each nest.

Landscape variables
We examined percent land-cover types at three scales, 2, 5, and
10 km buffers around each nest (Appendix 1, Table A1.1). We
calculated land-cover percentages for each nest using the Tabulate
Intersect tool in ArcGIS and the corresponding ACI layer for the
year each nest was active. Landscape variables varied among nests,
years, and regions (see Table 3 for regional variation). We
determined regional landscape composition by averaging percent
land-cover types within a 10 km buffer of each nest across years
when nest monitoring occurred within each region; Carden (n =
86 nests; 2015, 2016), Dufferin (n = 205 nests; 2018), and Renfrew
(n = 172 nests; 2012, 2013, 2016, 2017; Table 3). We assessed land-
cover types with > 5% average cover around each nest (n = 463
nests; Appendix 1, Table A1.1).  

We tested for collinearity among landscape variables using
Pearson’s correlation coefficient (r). If  variables were strongly
correlated (|r| ≥ 0.60; Evans 1996) they were not included in the
same model to avoid multicollinearity. Many strong correlations
existed for land-cover types across the 3 buffer distances (e.g.,
cropland at 10 km was highly correlated with cropland at 5 and
2 km; Appendix 1, Table A1.2). We considered correlations among
all land-cover types and decided which variables to include to
maximize the number of land-cover types and buffer distances in
models. Ultimately, we included the landscape variables: cropland
(2 km), forest (2 and 5 km), and grassland (2 and 10 km) in the

nest survival analysis because these were not correlated and had
average percent cover around each nest > 20% (Table 2; Appendix
1, Table A1.2).

Table 3. Landscape composition, based on Annual Crop
Inventory data (Agriculture and Agri-Food Canada), within each
study region in Ontario, Canada. Percent composition within a
10 km buffer surrounding each nest was averaged across years
when nest monitoring occurred within each region; Carden (n =
86 nests; 2015, 2016), Dufferin (n = 205 nests; 2018), and Renfrew
(n = 172 nests; 2012, 2013, 2016, 2017). Other includes: shrub,
exposed, fallow, and urban land.
 

% land cover

Region Cropland Forest Grassland Water Wetland Other

Carden 2 28 17 6 30 17
Dufferin 45 16 23 3 5 7
Renfrew 13 42 25 9 1 10

Nest survival analyses
We calculated daily survival rate (Mayfield 1961, Dinsmore et al.
2002) using the RMark package (Laake 2013) in R (version 3.5.1;
R Core Team 2016). The nest survival model in this package
enabled us to calculate estimates of the daily survival rate of nests
and incorporate predictor variables using a logit-link function
(Walker et al. 2013). We excluded nests when any of the following
information was unknown or could not be calculated: (1) the day
the nest was found, (2) the last day the nest was active and
contained eggs or young, (3) the last day the nest was checked, or
(4) fate of the nest: fledged or failed. We translated ordinal dates
into Bobolink-specific dates (hereafter referred to as date) in
which the first initiation date was 0 (18 May, ordinal day 138) and
the final nest check date was 65 (22 July, ordinal day 203).  

Similar to Dinsmore and Dinsmore’s (2007) nest survival analysis,
we employed a hierarchical-modeling approach because it
enabled us to run fewer models at one time and guided our analysis
to better understand the additive effects of temporal, local, and
landscape variables. Our model building occurred in three stages.  

We first assessed the effect of nest age (i.e., age of nest in days,
where age 0 = day first egg laid) on the daily survival rate of nests
(n = 400) because this predictor variable limited sample size. We
ran seven candidate models (including an intercept-only model)
consisting of the temporal variables: nest age, date, quadratic date,
cubic date, and year and found that nest age was not an important
predictor variable of daily survival rate because it was neither in
the top model nor a competitive model (i.e., ∆AICc < 7; Burnham
et al. 2011). Therefore, we removed nest age from the analysis,
enabling us to incorporate an additional 63 nests where nest age
could not be calculated, i.e., found during incubation but failed
before hatching, therefore unable to determine day first egg laid.
We also assessed the effect of year on the daily survival rate of
nests because region and year were confounded in our study and,
as RMark cannot currently run mixed models, we could not
include year as a random effect (Rotella et al. 2004, Rotella 2007,
Guilherme et al. 2018). To assess the effect of year, we analyzed
data across years for regions and field uses where year was
replicated. We ran five models (including an intercept-only model)
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consisting of year and field use, as well as an additive and
interaction model for nests found in Carden (2015, 2016) and
Renfrew (2012, 2013, 2016, 2017) regions separately. We found
that year was not an important predictor variable of daily survival
rate because only field use occurred in the top model for both
regions and when year occurred in a competitive model for Carden
region, the 95% confidence interval of year overlapped zero
(Arnold 2010). Therefore, we removed year from the analysis and
included region in our candidate models.  

In the second stage of modeling, we assessed a candidate set of
four temporal models (including an intercept-only model)
consisting of the variables: date, quadratic date, and cubic date.
Finally, in the third stage of modeling, we carried the top model
from stage two as a foundation for building our candidate set of
52 spatial (i.e., local and landscape) models, giving us a total of
53 models including the top model (null model) from stage two
(Appendix 1, Table A1.3). We used Akaike’s Information
Criterion (Akaike 1973), adjusted for small sample size (AICc;
Hurvich and Tsai 1989) because this is the default model selection
criteria RMark uses for nest survival models to assess relative
model fit. We considered models with ∆AICc < 2 to have
substantial support (Burnham and Anderson 2002) and
considered models with a ∆AICc range of 2-7 to have some
support (Burnham et al. 2011). Only variables with 95%
confidence intervals not overlapping zero were considered
important for explaining daily survival rate (Arnold 2010). There
is currently no goodness-of-fit test for nest survival models in
RMark (Dinsmore and Dinsmore 2007, Laake and Rexstad 2008,
Rotella 2009).

RESULTS
We monitored 463 Bobolink nests across cattle pastures
(rotationally grazed, continuously grazed, or ungrazed), late-cut
hayfields, fallow fields, and restored fields (Table 1). The most
common cause of nest failure was predation, accounting for 79%
of nest failures, followed by trampling (17%), and abandonment
(4%, n = 193; Table 4). Nest failure varied by field use. Trampling
was the most common reason for nest failure in rotationally
grazed pastures (accounting for 53% of nest failures, n = 53; Table
4); whereas predation was the most common reason for nest
failure across the other field uses (92% of nest failures, i.e., 129
of 140). Landscape composition varied by region. Dufferin region
had the highest percentage of cropland (45%) compared to
Renfrew (13%) and Carden (2%) regions. Renfrew region had the
highest percentage of forest (42%) and grassland cover (25%)
compared to Dufferin (16%, 23%) and Carden (28%, 17%)
regions, respectively (Table 3).

Nest survival analyses
After removing nest age and year in the first stage of modeling,
the top model from the second stage of modeling temporal
variables was date² (Table 5). However, because the 95%
confidence interval for date² overlapped zero, date, which
occurred in the second-best supported model, was the only
important variable identified in stage two (Table 6; Arnold 2010).
Additionally, the relative variable importance, i.e., sum of the
Akaike weights across all models in the set where the variable
occurs (Burnham and Anderson 2002), of date (i.e., 0.98) was
higher than date² (i.e., 0.59), suggesting that date was more
important relative to the other variables in stage two of modeling

(Table 5). In the third stage of modeling, after adding local and
landscape variables to the top model from stage two (i.e., date),
the final top model explaining daily survival rate of Bobolink
nests was: date + stocking rate (Table 7, Table 8).

Table 4. Causes of Bobolink (Dolichonyx oryzivorus) nest failure
for each field use monitored in Ontario, Canada.
 
Field use (no. failed nests) %

depredated
%

trampled
%

abandoned

Rotationally grazed pasture (n = 53) 43 53 4
Continuously grazed pasture (n =
40)

87.5 10 2.5

Fallow field (n = 14) 93 7 0
Ungrazed pasture (n = 13) 92 0 8
Restored grassland (n = 35) 94 0 6
Hayfield (n = 38) 95 0 5
Total (n =193) 79 17 4

Table 5. Model selection results for stage two of analysis of daily
survival rate of Bobolink (Dolichonyx oryzivorus) nests explained
by temporal covariates ranked by Akaike’s Information Criterion
corrected for small sample size (AICc) for 463 nests.
 
Nest survival models K† ∆AICc‡ AICc

weight
Dev§

Date + Date2 * 3 0.00 0.43 1147.92
Date 2 0.19 0.39 1150.11
Date + Date2 + Date3 4 2.00 0.16 1147.92
Intercept 1 6.82 0.01 1158.75
† Number of parameters in the model.
‡ Difference in AICc values compared to the best-supported model. AICc
= 1153.92 for the best supported model.
§ Model deviance.
* Indicates best-supported model.

Table 6. Model parameter estimates and 95% confidence interval
(95% CI) for the top two models from the second stage of
modeling the daily survival rate of Bobolink (Dolichonyx
oryzivorus) nests explained by temporal covariates.
 
Model Variable Estimate 95% CI

Date + Date2 Intercept 4.5777 3.3536, 5.8018
Date -0.0740 -0.1487, 0.0007
Date2 0.0008 -0.0003, 0.0018

Date Intercept 3.7473 3.3129, 4.1816
Date * -0.0201 -0.0333, -0.0070

* Indicates important predictor variable.

Predicted daily survival rate of Bobolink nests decreased from
0.98 (CI 95% = 0.97-0.99) to 0.92 (CI 95% = 0.87-0.95) across
date of the breeding season, while holding the other covariate of
the top model at its mean (stocking rate = 12.54 cattle-days/ha;
Fig. 2). Daily survival rate was also negatively associated with
stocking rate, decreasing from 0.96 (CI 95% = 0.96-0.97) when
stocking rate was 0 to 0.69 (CI 95% = 0.51-0.82) at the maximum
stocking rate of 243 cattle-days/ha, while holding date at its mean
(date = 33; Fig. 3).
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Table 7. Model selection results for stage three of analysis of daily survival rate of Bobolink (Dolichonyx oryzivorus) nests in Ontario,
Canada explained by local, landscape, and temporal covariates ranked by Akaike’s Information Criterion corrected for small sample
size (AICc) for 463 nests. The table includes candidate models where ∆AICc < 7.
 
Nest survival models K† ∆AICc‡ AICc

weight
Dev§

Date + Stocking rate|* 3 0.00 0.16 1120.54
Date + Stocking rate + Forest2¶ + Forest5# 5 0.02 0.15 1116.55
Date + Stocking rate + Forest2 4 0.33 0.13 1118.87
Date + Stocking rate + Grassland2†† 4 0.85 0.10 1119.39
Date + Stocking rate + Grassland10‡‡ 4 1.17 0.09 1119.71
Date + Stocking rate + Forest5 4 1.28 0.08 1119.81
Date + Stocking rate + Crop2§§ 4 1.97 0.06 1120.51
Date + Stocking rate + Crop2 + Forest2 + Grassland10 6 2.16 0.05 1116.68
Date + Stocking rate + Grassland2 + Grassland10 5 2.35 0.05 1118.88
Date + Stocking rate + Crop2 + Forest2 + Forest5 + Grassland2 + Grassland10 8 3.50 0.03 1114.01
Date + Stocking rate + Crop2 + Forest2 + Grassland2 6 3.54 0.03 1118.06
Date + Stocking rate + Field use|| 8 3.76 0.02 1114.28
Date + Stocking rate + Region¶¶ 6 4.13 0.02 1118.66
Date + Stocking rate + Crop2 + Forest5 + Grassland10 6 4.51 0.02 1119.04
Date + Stocking rate + Crop2 + Forest5 + Grassland2 6 4.64 0.02 1119.16
† Number of parameters in the model.
‡ Difference in AICc values compared to the best-supported model. AICc = 1126.55 for the best supported model.
§ Model deviance.
|Number cattle × days grazed/area grazed.
¶ % forest within 2 km buffer around each nest.
# % forest within 5 km buffer around each nest.
†† % pasture, forage, and grassland within 2 km buffer around each nest.
‡‡ % pasture, forage, and grassland within 10 km buffer around each nest.
§§ % crop within 2 km buffer around each nest.
||grazed pasture (rotational and continuous), ungrazed pasture, hayfield, fallow field, restored grassland.
¶¶ Carden, Dufferin, and Renfrew regions.
* Indicates best-supported model.

Table 8. Top model parameter estimates and 95% confidence
interval (95% CI) from the third stage of modeling the daily
survival rate of Bobolink (Dolichonyx oryzivorus) nests explained
by local, landscape, and temporal covariates.
 
Variable Estimate 95% CI

Intercept 3.993 3.540, 4.446
Date* -0.023 -0.036, -0.010
Stocking Rate†* -0.010 -0.013, -0.007
† Number cattle × days grazed/area grazed.
* Indicates important predictor variables.

Although models including landscape variables, such as percent
forest cover within a 2 km buffer, had ∆AICc < 2, they were not
considered competitive with the top model because they included
≥ 1 additional variable (i.e., not upholding the principle of
parsimony) and the 95% confidence intervals for these landscape
variables overlapped 0 (Table 7; Burnham and Anderson 2002,
Arnold 2010). Region and local predictor variables including field
use, field area, distance to forest edge, and land-cover types within
250 m were not in competitive models (Table 7, Appendix 1, A1.3).

DISCUSSION
Our results identified one temporal variable, date, and one local
variable, cattle stocking rate, as the only important predictors of

Fig. 2. Estimated daily survival rate of Bobolink (Dolichonyx
oryzivorus) nests across date in Ontario, Canada. Date 0 = 18
May, date 35 = 22 June, and date 65 = 22 July (n = 463 nests).
We held the other covariate of the top model: date + stocking
rate at its mean (stocking rate = 12.54 cattle-days/ha). Shaded
areas indicate 95% CI.
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Fig. 3. Estimated daily survival rate of Bobolink (Dolichonyx
oryzivorus) nests across observed stocking rate 0-243 cattle-
days/ha in Ontario, Canada (n = 463 nests). We held the other
covariate of the top model: date + stocking rate at its mean
(date = 33). Shaded areas indicate 95% CI.

the daily survival rate of Bobolink nests across three regions
spread throughout much of the species’ Ontario breeding range.
Daily survival rate decreased across the breeding season and was
negatively associated with stocking rate. Interestingly, we did not
find evidence of daily survival rate varying with field use
(although dependant on stocking rate in grazed pastures), field
area, distance to forest edge, or landscape composition. These
results suggest that Bobolinks can breed successfully under many
conditions, and that only a few variables (e.g., cattle stocking rate,
hay harvesting) may need to be managed to provide nesting
habitat conducive to high daily survival rate of nests.  

The daily survival rate of Bobolink nests was negatively associated
with cattle stocking rate in our study, a result that confirms the
findings of many other studies (Perlut and Strong 2011,
MacDonald and Nol 2017, Campomizzi et al. 2019). This negative
association may be because of direct (trampling) or indirect
(grazing of vegetation cover) effects of cattle, or both (Paine et
al. 1996, Sutter and Ritchison 2005, Perlut and Strong 2011,
MacDonald and Nol 2017). Previous research on the indirect
effects of cattle grazing on grassland bird nest survival has shown
that shorter and less dense vegetation in grazed pastures can
enable predators to move more easily throughout a pasture
compared to tall, dense vegetation in ungrazed areas (Johnson
and Temple 1990, Sutter and Richison 2005). This ease of
movement coupled with the increased ability of a predator to
observe parental activity and nest locations in shorter vegetation
may enable greater instances of nest predation to occur in grazed
pastures compared to ungrazed areas (Sutter and Richison 2005).
Studies investigating the direct effects of cattle grazing on nest
survival have found that the percent of nests trampled increases

as cattle density increases and that the potential for nest trampling
increases exponentially with the length of time cattle remain in a
field (Jensen et al. 1990, Perlut and Strong 2011, MacDonald and
Nol 2017, Campomizzi et al. 2019, Pintaric et al. 2019). In
contrast, Bleho et al. (2014) found that rates of trampling of
grassland bird nests by cattle were low in Canada, although the
majority of their data were from grasslands in Alberta,
Saskatchewan, and Manitoba, with a small sample of duck nests
in the Great Lakes-St. Lawrence Lowlands in Québec where nest
destruction by cattle was highest. Bleho et al. (2014) attributed
high nest destruction to the high primary productivity of the
Great Lakes-St. Lawrence Lowlands, which enabled higher cattle
stocking rates. Because our study sites were located in the Great
Lakes-St. Lawrence Lowlands, high primary productivity across
the region provides an explanation as to why we observed high
stocking rates, which, in turn, had a strong impact on daily
survival rates of Bobolink nests because of increased trampling
risk or reduced vegetative cover, or both (Jensen et al. 1990, Sutter
and Ritchison 2005, Perlut and Strong 2011, MacDonald and
Nol 2017).  

Our model results predicting daily survival rate across cattle
stocking rates suggest there is a potential threshold at ~40 cattle-
days/ha, above which the daily survival rate of Bobolink nests
rapidly decreases. Our observed nest failure results support this
potential threshold because 64% of trampled nests (21 of 33)
occurred in rotationally grazed pastures where stocking rates were
greater than 40 cattle-days/ha. Perlut et al. (2006) found that 65%
of Bobolink nest failures (22 of 34) in rotationally grazed pastures
were caused by cattle disturbance, with grazing pressures
described as 1-1.5 cattle/0.4 ha (2.5-3.75 cattle/ha) rotated every
7-14 days. In contrast, at much lower stocking rates than we
observed in our study and in Perlut et al. (2006), Kerns et al. (2010)
found that only 1% of Bobolink nest failures (1 of 91) were caused
by trampling in grazed pastures with stocking rates of 0.20-0.28
animal unit months/ha (animal unit month = the average amount
of forage required by a lactating 1000-pound cow and her calf  for
one month, i.e., 30.4 days). Because stocking rates are often higher
in rotationally grazed pastures than in continuously grazed
pastures (Jensen et al. 1990), nest survival can vary across grazing
systems. For example, Temple et al. (1999) found that rotationally
grazed pastures (typically 40-60 cattle/ha grazed in ~5 ha pastures
for 1-2 days) had the lowest nest survival, continuously grazed
pastures (2.5-4 cattle/ha grazed 16 sites totaling 91 ha for ~48
days) had intermediate nest survival and ungrazed fields (neither
mowed nor grazed during the study period) had the highest nest
survival. However, our results suggest that stocking rate while
most nests are active is a better predictor of the daily survival rate
of Bobolink nests in pastures than the type of grazing system
used (i.e., rotational or continuous grazing).  

Date of the breeding season was the other important predictor
variable negatively associated with daily survival rate of Bobolink
nests. Other studies have reported a similar negative relationship
in which daily survival rate of grassland bird nests decreases
throughout the breeding season (Jehle et al. 2004, Winter et al.
2004, Grant et al. 2005). Because nest predation was the most
common cause of nest failure in our study, the decline in daily
survival rate across the breeding season may correspond to an
increase in predator abundance and an increase in predator
movements as the season progresses (Grant et al. 2005). Daily
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survival rate of nests may also decrease over the breeding season
because of the decline of prey availability, as reported for the Lark
Bunting (Calamospiza melanocorys), which experienced similar
decreases in daily survival rate over the breeding season
corresponding to a decline in the availability of grasshoppers
(Orthoptera spp.; the main prey fed to nestlings), a pattern typical
of summers in northern Colorado, U.S. (Jehle et al. 2004).
Regardless of the potential causes, our results suggest that nests
initiated partway through the breeding season (e.g., renesting
attempts or nests initiated by adults that arrive late) had a
decreased probability of survival compared to nests initiated at
the beginning of the season.  

Region, field use, field area, and distance to forest edge were not
good predictors of the daily survival rate of Bobolink nests in our
study. Despite differences in landscape composition that could
potentially influence differences in nest predator assemblages, we
did not find support for our prediction that greater grassland
cover and less forest cover would promote higher nest survival.
Our results echo those of other grassland passerine studies which
suggest that landscape composition has no significant effect on
daily survival rate of nests (McMaster et al. 2005, Winter et al.
2005, 2006, Koper and Schmiegelow 2006). Although Bobolink
population trends (Ethier et al. 2017) and patterns of area
sensitivity (Vickery and Herkert 2001) appear to vary by region,
our results suggest that daily survival rate of Bobolink nests did
not vary significantly across the regions within the management
regimes we studied, even with differences in land use. Our results
suggest that the categorical variable, field use (i.e., rotationally
grazed pasture, continuously grazed pasture, ungrazed pasture,
hayfield, fallow field, and restored grassland) is not an important
predictor of daily survival rate of Bobolink nests. This is likely
because the continuous variable stocking rate provides a better
overall representation of grazing pressure or lack thereof (i.e.,
hayfields, ungrazed pastures, restored fields, fallow fields, and
pastures grazed before 21 May or after 23 June had a stocking
rate of 0 cattle-days/ha). Additionally, in some grazed pastures
with low stocking rates, Bobolinks still reproduced successfully
(MacDonald and Nol 2017, Campomizzi et al. 2019, Pintaric et
al. 2019). Although we categorized fields based on their use, there
are probably within-field variables that help to explain nest
survival when cattle are not present, e.g., vegetation density
(Warren and Anderson 2005) and vegetation height (Pintaric et
al. 2019) around each nest. In contrast to Johnson and Temple
(1990) and Herkert et al. (2003), we found no significant
association between field area and daily survival rate of nests,
possibly because the area of the fields we monitored were mostly
smaller than those in these other studies. Similar to Renfrew et
al. (2005) and Perkins et al. (2013), but in contrast with Bollinger
and Gavin (2004), we found no significant association between
the distance to forest edge and daily survival rate of nests,
although as stated by Renfrew et al. (2005) it is possible that effects
of predators associated with open grasslands mask the effects of
predators associated with edges.  

Our results have implications for the conservation of nesting
Bobolinks regarding field use, stocking rate, date, and field size.
All field types we studied have potential for conservation actions
because daily survival rate of nests did not vary across late-cut
hayfields, fallow fields, restored grasslands, or pastures, although
stocking rate was important in pastures. Pastures grazed lightly

(i.e., stocking rates ≤ 40 cattle-days/ha) while most Bobolink nests
are active can also potentially provide successful nesting habitat
by limiting nest failure caused by cattle. Minimizing management
practices that delay early-season nesting (e.g., heavy late-season
grazing or hay harvest the previous autumn) or inadvertently
destroying early season nests (e.g., heavy grazing) should be
avoided in fields where Bobolink conservation is a priority
because we found daily survival rate of nests decreased across the
season. Lastly, our results suggest that small fields can provide
productive nesting habitat for Bobolinks, because daily survival
rate of nests did not vary with field area in our study (1.4-161.8
ha). However, field size might have an impact on breeding
densities (Herkert 1994, Vickery et al. 1994, as cited in Ethier and
Nudds 2017), and, as such, fields with higher breeding densities
should be targeted to have the greatest benefit on recruitment to
the population. Landowners and managers may require incentives
(e.g., financial, regulatory, technical assistance) to enable the
implementation of conservation actions that promote increased
Bobolink nest survival (e.g., light grazing, delayed hay harvest,
field left ungrazed as nesting refuge), but interfere with
agricultural activity (MacDonald and Nol 2017, Campomizzi et
al. 2019, Pintaric et al. 2019).

Responses to this article can be read online at: 
http://www.ace-eco.org/issues/responses.php/1666
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Appendix 1. Additional information including summary statistics of landscape variables and 

their correlations, and the full model selection results. 

 

Table A1.1. Summary statistics (%) for the landscape variables within a 2, 5, and 10 km buffer 

around each nest, collated for 463 Bobolink nests.  

Buffer distance Land cover type (%) Mean Median Min. Max. 

2 km Grassland† 32 27 9 68 

 Cropland† 21 17 0 61 

 Forest† 21 19 4 54 

 Wetland 14 7 0 63 

 Shrubland 6 5 1 29 

5 km Grassland 26 24 9 51 

 Cropland 25 20 0 54 

 Forest† 22 21 10 46 

 Wetland 11 5 0 55 

 Shrubland 6 4 1 20 

10 km Grassland† 23 22 10 57 

 Cropland 25 14 1 54 

 Forest 28 28 11 57 

 Wetland 9 6 0 37 

 Shrubland 6 5 2 16 
† Indicates landscape variables included in the analysis.



 

 

Table A1.2. Correlation matrix between percent land cover types at 10, 5, and 2 km buffers around Bobolink nests (n = 463). Variables were 

considered highly correlated when |r| ≥ 0.60. 

 Crop 

10 

Forest 

10 

Pasture 

10 

Shrub 

10 

Wetland 

10 

Crop 

5 

Forest 

5 

Pasture 

5 

Shrub 

5 

Wetland 

5 

Crop 

2 

Forest 

2 

Pasture 

2 

Shrub 

2 

Wetland 

2 

Crop10 1.00               

Forest10 -0.75 1.00              

Pasture10 0.23 -0.01 1.00             

Shrub10 -0.74 0.27 -0.24 1.00            

Wetland10 -0.43 -0.18 -0.54 0.68 1.00           

Crop5 0.93 -0.57 0.32 -0.76 -0.59 1.00          

Forest5 -0.60 0.82 0.05 0.12 -0.28 -0.52 1.00         

Pasture5 -0.30 0.64 0.53 -0.08 -0.59 -0.10 0.47 1.00        

Shrub5 -0.71 0.21 -0.30 0.95 0.70 -0.79 0.15 -0.16 1.00       

Wetland5 -0.39 -0.21 -0.54 0.66 0.99 -0.57 -0.34 -0.61 0.70 1.00      

Crop2 0.66 -0.34 0.32 -0.58 -0.54 0.82 -0.37 0.02 -0.65 -0.55 1.00     

Forest2 -0.13 0.15 0.06 -0.07 -0.13 -0.21 0.50 0.05 0.04 -0.09 -0.51 1.00    

Pasture2 -0.34 0.73 0.25 -0.05 -0.48 -0.17 0.49 0.86 -0.15 -0.51 0.00 -0.19 1.00   

Shrub2 -0.54 0.06 -0.17 0.81 0.57 -0.65 0.16 -0.19 0.88 0.55 -0.64 0.26 -0.30 1.00  

Wetland2 -0.19 -0.35 -0.50 0.52 0.87 -0.41 -0.37 -0.69 0.59 0.09 -0.58 0.06 -0.63 0.53 1.00 



 

Table A1.3. Full model selection results for daily survival rate of Bobolink nests explained by local, 

landscape, and temporal covariates, ranked by Akaike’s Information Criterion (AICc) for 463 nests. The 

table includes all 53 models (including null = model 39).  

No. Nest survival models K† ∆AICc‡ AICc 

weight 
Dev§ 

1 Date + Stocking rate│* 3 0.00 0.16 1120.54 

2 Date + Stocking rate + Forest2¶ + Forest5# 5 0.02 0.15 1116.55 

3 Date + Stocking rate + Forest2 4 0.33 0.13 1118.87 

4 Date + Stocking rate + Grassland2†† 4 0.85 0.10 1119.39 

5 Date + Stocking rate + Grassland10‡‡ 4 1.17 0.09 1119.71 

6 Date + Stocking rate + Forest5 4 1.28 0.08 1119.81 

7 Date + Stocking rate + Crop2§§ 4 1.97 0.06 1120.51 

8 Date + Stocking rate + Crop2 + Forest2 + Grassland10 6 2.16 0.05 1116.68 

9 Date + Stocking rate + Grassland2 + Grassland10 5 2.35 0.05 1118.88 

10 Date + Stocking rate + Crop2 + Forest2 + Forest5 + 

Grassland2 + Grassland10 

8 3.50 0.03 1114.01 

11 Date + Stocking rate + Crop2 + Forest2 + Grassland2 6 3.54 0.03 1118.06 

12 Date + Stocking rate + Field use││ 8 3.76 0.02 1114.28 

13 Date + Stocking rate + Region¶¶ 6 4.13 0.02 1118.66 

14 Date + Stocking rate + Crop2 + Forest5 + Grassland10 6 4.51 0.02 1119.04 

15 Date + Stocking rate + Crop2 + Forest5 + Grassland2 6 4.64 0.02 1119.16 

16 Date + Field use 7 13.25 0.00 1125.77 

17 Date + Field use + Forest2 8 14.15 0.00 1124.66 

18 Date + Field use + Grassland10 8 14.31 0.00 1124.82 

19 Date + Field use + Crop2 8 14.32 0.00 1124.83 

20 Date + Field use + Forest5 8 15.08 0.00 1125.59 

21 Date + Field use + Grassland2 8 15.18 0.00 1125.69 

22 Date + Field use + Forest2 + Forest5 9 16.12 0.00 1124.63 

23 Date + Field area + Forest2 + Forest5 5 16.27 0.00 1132.80 

24 Date + Field use + Grassland2 + Grassland10 9 16.30 0.00 1124.80 

25 Date + Field use + Crop2 + Forest2 + Grassland10 10 17.07 0.00 1123.57 

26 Date + Field use + Crop2 + Forest2 + Grassland2 10 17.89 0.00 1124.38 

27 Date + Field area + Forest5 4 19.15 0.00 1137.69 

28 Date + Field area + Crop2 + Forest2 + Forest5 + Grassland2 + 

Grassland10 

8 19.40 0.00 1129.92 

29 Date + Field area + Grassland2 4 20.05 0.00 1138.59 

30 Date + Region 4 20.60 0.00 1139.14 

31 Date + Crop2 + GrassFor2 + GrassFor10 + Forest2 + Forest5 7 20.70 0.00 1133.22 

32 Date + Field use + Crop2 + Forest2 + Forest5 + Grassland2 + 

Grassland10 

12 20.73 0.00 1123.21 

33 Date + Forest5 3 20.78 0.00 1141.32 

34 Date + Field area + Grassland2 + Grassland10 5 20.99 0.00 1137.52 



 

35 Date + Grassland2 3 22.24 0.00 1142.78 

36 Date + Field area + Crop2 + Forest2 + Grassland2 6 24.02 0.00 1138.54 

37 Date + Crop250## 3 24.18 0.00 1144.72 

38 Region 3 26.33 0.00 1146.87 

39 Date 2 27.57 0.00 1150.11 

40 Date + Field area + Grassland10 4 27.68 0.00 1146.21 

41 Date + Field area 3 28.01 0.00 1148.55 

42 Date + Grassland250††† 3 28.26 0.00 1148.80 

43 Date + Grassland10 3 28.58 0.00 1149.12 

44 Date + Water250‡‡‡ 3 28.92 0.00 1149.46 

45 Date + Forest2 3 29.00 0.00 1149.54 

46 Date + Crop2 3 29.16 0.00 1149.70 

47 Date + Forest250§§§ 3 29.34 0.00 1149.88 

48 Date + Distance to forest edge 3 29.38 0.00 1149.92 

49 Date + Shrubland250│││ 3 29.47 0.00 1150.01 

50 Date + Field area + Crop2 + Forest2 + Grassland10 6 29.48 0.00 1144.01 

51 Date + Field area + Forest2 4 29.62 0.00 1148.16 

52 Date + Field area + Crop2 4 29.98 0.00 1148.52 

53 Date + Grassland250 + Forest250 + Crop250 + Shrubland250 

+ Water250 

7 31.49 0.00 1144.01 

† Number of parameters in the model. 
‡ Difference in AICc values compared to the best-supported model. AICc = 1126.55 for the best supported 

model. 
§ Model deviance. 
│Number cattle × days grazed/area grazed. 
¶ % forest within 2 km buffer around each nest. 
# % forest within 5 km buffer around each nest. 
†† % pasture, forage, and grassland within 2 km buffer around each nest. 
‡‡ % pasture, forage, and grassland within 10 km buffer around each nest. 
§§ % crop within 2 km buffer around each nest. 
││grazed pasture (rotational and continuous), un-grazed pasture, hayfield, fallow field, restored grassland. 
¶¶ Carden, Dufferin, and Renfrew region. 
## % cropland within a 250 m buffer around each nest. 
††† % pasture, forage, and grassland within a 250 m buffer around each nest. 
‡‡‡ % water within a 250 m buffer around each nest. 
§§§ % forest within a 250 m buffer around each nest. 
│││ % shrubland within a 250 m buffer around each nest. 

* Indicates best-supported model. 
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