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Abstract  

 

 

Intra-seasonal Variation in Black Tern Nest-site Selection and Survival 

 

 

 

Valerie von Zuben 

 

 

Resources and risk are in constant flux and an organism’s ability to manage change may 

improve their likelihood of persistence.   I examined intra-seasonal variation in nest-site 

selection and survival of a declining wetland bird, the Black Tern (Chlidonias niger 

surinamensis). I modelled nest site occupancy and survival of early and late-nesting birds 

as a function of static and dynamic factors. Early-nesting birds selected nest sites based 

on the degree and direction of habitat change that occurred over the nesting cycle, 

while late-nesting birds selected sites based on static conditions near the time of nest-

site selection. Nest age had the strongest influence on daily survival rate for both early 

and late-nesting birds, but the shape of this relationship showed intra-seasonal 

differences. Additionally, early-season survival improved slightly with increasing 

vegetation coverage and distance between conspecific nests, while late-season survival 

increased with clutch size.  My results suggest that intra-seasonal variation in nest-site 

selection and survival is driven by changing habitat conditions and predator behavior.  

 

Keywords: Black tern, Chlidonias niger surinamensis, daily survival rate, intra-seasonal 

variation, nest-site selection 
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CHAPTER 1: General Introduction 

 

 

Examining the ways that organisms adapt (or fail to adapt) to change is important for 

species conservation, as it can predict the likelihood of species persistence under rapidly 

changing conditions (Merilae & Hendry 2014). Resources and risk are in constant flux, 

and a certain amount of unpredictability (e.g., storms, human disturbance, predation) 

mixed with predictable variation (e.g., photoperiod, tides) is inevitable (Wingfield 2008).  

There is a wealth of research on the environmental cues that animals use to anticipate 

predictable resource variation and time their behavior accordingly. For example, 

photoperiod is recognized as the primary driver of behavioural seasonality in a wide 

array of taxa (Paul et al. 2008). We know much less about the strategies that animals 

use to assess less predictable change. Reduced predictability of resources or risk within 

an important life stage, such as breeding, can have a significant impact on fitness (Shine 

& Brown 2008). Animals rely on external cues and their own prior experience when 

selecting breeding habitat, yet the actual suitability of their selection may only become 

apparent at a later reproductive stage (Poysa et al. 2000; Kristan 2003; Sergio et al. 

2011). Unless individuals use strategies to predict or rapidly adapt to change, apparent 

habitat suitability becomes decoupled from its true (later) quality, resulting in poorer 

reproductive outcomes (Kloskowski 2012). 

 

Examining the nest habitat choices of migratory wetland-breeding birds may be 

particularly useful in revealing strategies used to cope with environmental changes. 
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Wetland environments are exceptionally variable, with inter- and intra-annual water 

level fluctuations that can alter total wetland area, and lead to non-linear vegetation 

growth and unstable nesting substrate (Desgranges et al. 2006; Sergio et al. 2011; 

Bornette & Puijalon 2011). Habitat suitability for some wetland birds can change 

significantly within a specific plant community solely based on fluctuations in water 

depth during the breeding season (Desgranges et al. 2006). Ephemeral resources and 

seasonal reproductive declines that affect many migratory birds should further require 

that birds use effective strategies to assess habitat change (Orians & Wittenberger 

1991).  Predictive cues are a way to evaluate the future quality of habitat when direct 

cues are absent, unreliable, or difficult to assess (Orians & Wittenberger 1991).  For 

example, Smith & Shugart (1987) found that ovenbirds (Seiurus aurocapilla) used 

vegetation structure as a proximate indicator of future insect prey density when 

establishing territories.  

 

While predictive cues are used to anticipate seasonally-dynamic resources and risk, 

physiological strategies such as reduced reproductive output (Lack 1947) and delayed 

sexual development (Tokolyi et al. 2012), allow individuals to better adapt to reduced 

predictability. Adaptive behavioral strategies are another means of responding to a 

dynamic environment, particularly with respect to changing predation pressure 

(Chalfoun & Schmidt 2012).  Nest predation risk is mainly a function of the interactions 

between nesting habitat, foraging patterns of principal predators, and behaviour of prey 

(Weidinger 2002; Fontaine et al. 2007; Borgmann & Conway 2015; Ibanez-Alamo et al. 
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2015). Intra-seasonal variation in habitat features and predator pressure should compel 

individuals to rapidly adjust their subsequent nest choices to reduce further within-

season predation risk (Lima 2009). Within a breeding season, birds that attempt multiple 

nests can disperse (Powell & Frasch 2000; Grégoire & Cherry 2007), switch selection 

criteria (Goddard & Dawson 2009; Kearns & Rodewald 2013), or both (Chalfoun & 

Martin 2010; Beckmann et al. 2015) to improve their reproductive prospects.   

 

I used Black Terns (Chlidonias niger surinamensis) as a model species to examine intra-

seasonal variation in nest-site selection and survival. This neotropical migrant and 

marsh-obligate breeder appears particularly well-adapted to dynamic conditions. 

Breeding site fidelity in Black Terns is weak (Heath et al. 2009), facilitating dispersal in 

response to suboptimal conditions. Their diet and foraging strategies are uniquely 

elastic for a tern species (Gilbert & Servello 2005; Beintema et al. 2010). Spatial 

aggregation of Black Tern nests is flexible, enabling birds to better balance the positive 

and negative aspects of sociality (Bergman et al. 1970; Hickey & Malecki 1997; Bernard 

1999; Heath 2004). Finally, Black Terns are able to re-nest if their first nest fails, 

theoretically allowing them to improve success by incorporating prior information (their 

own experience) into subsequent nest site choices (Beckmann & McDonald 2016). For 

such an apparently adaptable species, it is perhaps surprising that this once common 

bird is experiencing population declines across its North American range (Heath et al. 

2009). Most jurisdictions within the Black Tern’s breeding range have classified 

populations as vulnerable, imperiled, or critically imperiled (NatureServe 2017). For 
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example,  the average number of individuals decreased (non-linearly)  by  10.5% per 

year  between 1995 and 2012 at marsh monitoring stations in Ontario (Tozer 2013). 

 

Habitat loss is considered the main threat to Black Tern populations as range-wide 

reductions in total wetland area have been dramatic (Naugle 2004; Heath et al. 2009; 

Matteson et al. 2012). The remaining available marsh habitat is threatened by many 

potential stressors. Invasive species, such as Phragmites australis, create unsuitable 

conditions for nesting and foraging by clogging vital open water areas (Burke 2012).  

Degraded water quality from contaminants, eutrophication, and siltation affect the 

availability of insect and fish prey, and reduces foraging success (Detenbeck et al. 1999; 

Beintema et al. 2010). Water level regulation has reduced the frequency of between-

year fluctuations that are required for maintaining 50:50 water-to-vegetation ratios 

optimal for  nesting and foraging (Timmermans et al. 2008), and in some cases, has 

directly affected nest success via untimely within-season fluctuations (Gilbert & Servello, 

Frederick 2005; Desgranges et al. 2006). With numerous anthropogenic stressors and 

loss of suitable breeding habitat, the population response has been non-linear and the 

species’ prospects for adaptation to natural disturbances are diminished (Clark & Nudds 

1991). This is especially problematic with respect to predation pressure, as nest 

predation is the leading limiter of  reproductive success in birds (Ricklefs 1969), 

including Black Terns (Dunn 1979; Mazzocchi et al. 1997; Maxson et al. 2007; Heath & 

Servello 2008), and should significantly affect reproductive decisions and output (Lima 

2009). 
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To examine the above issues, in Chapter 2 I investigated the predictors of Black Tern 

nest-site selection to identify factors that may vary throughout the nesting cycle and 

across the season.  Specifically, I sought to determine (1) the extent or direction of 

change in habitat features that  provide protection from predators, over the course of a 

nesting cycle and across the breeding season, (2) whether Black Terns select nest sites 

based on initial habitat features at the time of nest-site selection or whether they select 

sites that result in optimal habitat features over the nesting cycle, and (3) how they 

might adjust nest-site selection later in the season as they attempt a second brood. I 

predicted that birds will show a preference for the degree and direction of habitat 

change that is likely to provide better protection from predators at chosen nest sites.  I 

also predicted that the features that influence nest-site selection of early-nesting birds 

will differ from those of late-nesting birds as conditions change across the breeding 

season. 

 

In Chapter 3, I evaluated the drivers of intra-seasonal variation in Black Tern nest 

survival. I sought to determine the predictors of daily nest survival, to identify the 

limiting factors that may vary across the nesting season. I did this by determining (1) the 

influence of temporal, spatial, and dynamic habitat features on daily nest survival rate of 

Black Terns; and (2) the degree of intra-seasonal variation in the influence of these 

factors on survival. I predicted that temporal, spatial, and dynamic habitat features will 
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influence daily nest survival to varying degrees as conditions change between the early 

and late season. 
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CHAPTER 2: Intra-seasonal variation in Black Tern nest-site selection 

 

Abstract  

 

 

Migratory birds arriving on their breeding grounds must use early-season cues to choose 

successful nest sites. These cues represent conditions present at the time of nest 

initiation, but must also indicate future conditions in dynamic habitats, such as 

wetlands, where water levels and vegetation structure change continually. Some species 

that re-nest after the failure of their first attempt must select a new site for their second 

nest attempt under potentially different habitat conditions and/or predation risk. We 

examined intra-seasonal variation in nest-site selection of Black Terns (Chlidonias niger 

surinamensis) during 2015 and 2016 in southern Ontario, Canada. We modelled nest site 

occupancy of early and late-nesting birds as a function of both static and dynamic water 

level and vegetation characteristics as well as conspecific nest spacing. In the early 

season, birds selected nest sites based on the degree and direction of habitat change 

that occurred over the nesting cycle, rather than static conditions near the time of 

selection. Early-nesting birds were more likely to choose sites that increased in water 

depth and remained close to open water over the nesting cycle. Late-nesting birds 

selected sites based on conditions at the time of selection, preferring dispersed sites 

with a high proportion of vegetation. We suggest that this intra-seasonal variation in 

nest-site selection is likely a result of the seasonal availability of cues that indicate 

optimal protection from predators. Alternatively, it may provide evidence of within-
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season plasticity in selection criteria as a response to perceived changes in predation 

risk.   

 

Introduction  
 

Reproductive success of an animal is strongly dependent on it choosing a suitable 

breeding site. This choice is more difficult and/or complex when environmental quality 

varies in space and time.  Demographic pressures (e.g., predation) and the capacity for 

habitat features (e.g., vegetation cover) to provide protection can change within a 

breeding season (Clark & Shutler 1999), yet intra-seasonal variation in habitat selection 

has only recently garnered attention (Betts et al. 2008; Brambilla & Rubolini 2009; Gilroy 

et al. 2010; Frey et al. 2016; Michalska-hejduk et al. 2017). Migratory birds are especially 

affected by highly variable breeding habitats such as alpine, arctic, agricultural, and 

wetland ecosystems (Brambilla et al. 2012; Gilroy et al. 2010; Sergio et al. 2011). Shifts 

in weather, vegetation structure/composition, food availability, community ecology, and 

predation risk put pressure on temporally-constrained breeders (Brambilla et al. 2013). 

Non-linear environmental changes present added complexity for birds trying to predict 

the future quality of their habitat. For example, wetland water level fluctuations are 

typically not seasonally predictable (Bolduc & Afton 2008; Sergio et al. 2011). In such 

unpredictable environments, there is enhanced importance of reliable and proximate 

cues that can predict the future state of the habitat (Sergio et al. 2011). Smith and 

Shugart (1987) found that vegetation structure was a proximate cue for ovenbirds 
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(Seiurus aurocapilla), indicating future prey abundance.  Evaluating dynamic habitat 

features (degree/direction of change over the season) in addition to static habitat 

features at the time of selection, could reveal how birds predict future habitat quality 

(Chalfoun & Schmidt 2012).    

 

The complexity of settlement decisions is even more pronounced for multi-brooded or 

re-nesting species, as individuals must choose optimal habitat at the beginning of the 

season and again during the second nest attempt, potentially under different habitat 

conditions (Brambilla & Pedrini 2011) or predation risk (Peluc et al. 2008). Birds 

adjusting their habitat selection as more reliable information becomes available has 

been documented for several avian species (Soderstrom 2001; Betts et al. 2008; 

Brambilla et al. 2012; McClure et al. 2013; Frey et al. 2016; Michalska-hejduk et al. 

2017). These species responded to changing conditions by moving to different sites or 

choosing nest sites based on different criteria than their original selection. Brambilla and 

Rubolini (2009) found that the habitat variables predicting Woodlark (Lullula arborea) 

occurrence early in the season poorly predicted occurrence late in the season and vice 

versa.  Prior information may also play a role in how dynamic (and potentially adaptive) 

subsequent nest site choices are (Clark & Shutler 1999). For example, previous 

predation risk has been shown to shape subsequent nest-site selection between 

(Marzluff 1988; Eggers et al. 2006; Peluc et al. 2008; Fontaine & Martin 2006), and 

within (Soderstrom 2001; Chalfoun & Martin 2010; Beckmann & McDonald 2016) 

seasons. 
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Wetlands are highly variable environments, providing an opportunity to better 

understand the process of cue-based habitat selection over time.  As such, we studied 

nest-site selection of Black Tern (Chlidonias niger surinamensis), a marsh-obligate, semi-

colonial breeder that is undergoing population declines and degradation of habitat 

across most of its North American breeding range (Heath et al. 2009).  Black Terns are 

able to re-nest (at a new nest site) after the failure of their first nest attempt, which 

potentially elongates the breeding season (by up to 44 days) in a dynamic marsh 

environment. Intra-seasonal changes to nest habitat features that deter predators such 

as surrounding water depth (Maxson 2007) and vegetation coverage (Bernard 1999) 

may complicate nest-site selection. Despite the acknowledgement of these 

complications in the literature (Heath et al. 2009; Gilbert & Servello, Frederick 2005), 

nothing is known about the seasonal dynamics of Black Tern nest-site selection. 

Temporally-static nest site preferences have been found by multiple studies. For 

instance, Black Terns selected nest sites that were (1) closer to open water (Dunn 1979; 

Chapman Mosher 1986; Hickey & Malecki 1997; Maxson et al. 2007; Bernard 1999) (2) 

located in deeper water (Maxson et al. 2007) and (3) moderately covered by vegetation 

(Hickey & Malecki 1997; Bernard 1999) compared to random sites. These studies did not 

take intra-seasonal variation into consideration, nor did they specify the timing of their 

habitat measurements (but see Hickey & Malecki 1997). Inference can be clouded 

further in that some studies alluded to variation in habitat measurement timing 

between years (Bernard 1999) and between nests and random sites (Maxson et al. 
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2007). Indeed, most avian nest-site selection and survival studies either fail to mention 

the time habitat measurements were made, or measure static conditions at the end of 

the nesting period (reviewed by Burhans & Thompson 1998; Vega Rivera et al. 2009; 

Borgmann & Conway 2015; McConnell et al. 2017), often to avoid disturbing active nests 

(Gotmark 1992).  This approach does not accurately represent the conditions at the time 

of nest-site selection, nor does it reflect the degree or direction of change that occurred 

over the nesting cycle, and this may contribute to conflicting inferences on the 

congruence between habitat selection and nest success (Burhans & Thompson 1998; 

Vega Rivera et al. 2009; Sergio et al. 2011; Chalfoun & Schmidt 2012; Borgmann & 

Conway 2015; McConnell et al. 2017).  

 

Our objective was to determine the predictors of Black Tern nest-site selection over a 

more dynamic temporal scale than previously studied, to identify factors that may vary 

throughout the nesting cycle and across the season (Table 2.1). Specifically, we sought 

to determine (1) the extent or direction of change in habitat features that deter 

predators over the course of a nesting cycle and across the breeding season, (2) 

whether Black Terns select nest sites based on initial habitat features that deter 

predators at the time of nest-site selection or whether they select sites that result in 

optimal features over the nesting cycle; and (3) how they might adjust nest-site 

selection later in the season as they attempt a second brood. We predicted that birds 

will show a preference for the degree and direction of habitat change that is likely to 

provide better protection from predators at chosen nest sites.  We also predicted that 
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the variables that influence nest-site selection of early-nesting birds will differ from 

those of late-nesting birds as conditions change across the breeding season.  

 

Methods  

 

Study area  

 

Our study area consisted of four wetland sites in the Kawartha Lakes region of southern 

Ontario (Canada), which lies at the southern edge of the Canadian Shield (Figure 2.1). 

Colonies are connected to the Kawartha Lakes system, which is comprised of mostly 

shallow, highly vegetated lakes that are interconnected via the Trent-Severn Waterway. 

The waterway forms a large network of locks and dams designed for navigation 

between Lake Huron and Lake Ontario as well as flood control and power generation. 

Study sites are typical marsh habitats with an equal interspersion of semi-permanent 

cattail (Typha sp.) stands and open areas dominated by water lilies (Nymphaea sp.). 

Other emergent macrophytes present include small amounts of sedge (Carex sp), wild 

rice (Zizania sp.), and loosestrife (Lythrum sp). Adjacent land use is a mosaic of 

agriculture (mostly hay and pasture), mixed woodlot, and seasonal residences. 
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Figure 2.1 Location of study sites in the Kawartha Lakes region of southern Ontario, 

Canada. Data from four of the sites were used in the nest-site selection analysis, and 

data from all five sites were used for the daily nest survival analysis (Chapter 3). 
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Habitat and spatial covariates  

 

We examined static (“initial”) and dynamic (“change”) nest habitat variables as well as a 

spatial covariate as potential predictors of nest site occupancy (Table 2.1). We measured 

habitat features at known nest sites (typically located on floating mats of vegetation) 

and at nearby “alternate sites” of floating vegetation that appeared to be suitable for 

nesting, but were unoccupied. We measured habitat features at each nest site and 

alternate site at two distinct time periods; “initial” visit (nest discovery) and “final” visit 

(nest completion; failed or successful). Measuring the initial habitat characteristics 

allowed us to determine the conditions closest to the time of nest-site selection. 

Calculating the difference between initial and final measurements allowed us to 

determine the degree and direction of change that occurred over a nesting cycle (e.g., 

from laying to fledging; normally 44 days). Measurements included average water depth 

from four sides of the nest mat (INITIALWD/CHANGEWD; cm) measured with a 

graduated 2-meter pole, estimated proportion of vegetation cover within a 2-meter 

radius of the nest bowl (INITIALPVEG/CHANGEPVEG; %) and distance to the nearest 

patch of open water ≥0.25m2 (INITIALOW/CHANGEOW; m) measured with a 

rangefinder. To assess whether nest site occupancy was dependent on nest spacing, we 

used ArcGIS 10 (ESRI 2011) to calculate the distance to the nearest conspecific nest 

(DISTNN; m). The timing of measuring habitat features at alternate sites was matched to 

that of nest sites. For example, when a nest was discovered and the initial habitat 

measurements were made, we selected an alternate site at the same colony on the 

same day and made the same measurements. To further investigate the intra-seasonal 
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variation in nest-site selection across the season, nest sites that were discovered (or 

selected by us) on or before 10 June (initial= 25 May to 10 June; final= 13 June to 19 

July) were classified as “early”, and nest sites discovered/selected after this date (initial= 

11 June to 23 July; final= 23 June to 12 August) were classified as “late”. 

 

Statistical analysis  

 

We examined variability in nest-site selection by using generalized linear models in 

program R (version 3.3.1; R Core Team 2006). We used logistic regression to determine 

if nest site occupancy (1 if occupied, 0 if unoccupied) was associated with initial habitat 

variables, habitat change variables, or conspecific nest spacing (Table 2.1). Study site 

and year were initially included as random effects but were excluded from later models, 

as they accounted for a small component of the variance (≤ 2%) and we did not want to 

unnecessarily constrain the parameter estimates for fixed effects. Given the potential 

for autocorrelation between initial habitat and habitat change variables, we assessed 

multi-collinearity using Spearman’s rank correlation (due to non-linear data) and 

Variance Inflation Factors (VIF). We sought to rectify multi-collinearity through variable 

deletion if rs > 0.70 (r ≥ 0.7 is a common threshold for critical collinearity; Dormann et al. 

2012); however, no correlation between variables reached this threshold.  Initial and 

change in proportion of vegetation were the most correlated variables (early sites; 

rs=0.47, P<0.001, VIF=1.4, and late sites; rs=0.60, P<0.001, VIF=2.1) and the rest had rs 

and VIF values below 0.25 and 2.0, respectively. To account for the potential influence 
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of the number of days between habitat measurements on the magnitude of change in 

Distance to Open Water and Proportion of Vegetation, we used Spearman’s rank 

correlation and found that rs values were below the threshold (CHANGEOW; rs=0.47, 

P<0.001 and CHANGEPVEG; rs=0.37, P<0.001). Further analysis controlling for the 

number of days between habitat measurements did not improve model performance.  

 

We developed a candidate set of a priori models (Table 2.3) and used Akaike’s 

Information Criterion corrected for small sample size (AICc) to assess which model in the 

set best explained nest site occupancy (Hurvich & Tsai 1989). Models were ranked using 

AICc differences (ΔAICc), and Akaike weights (wi) were used to assess the relative 

contribution from each model to the set of candidate models (Burnham & Anderson 

1998; Anderson et al. 2000). Models with ΔAICc < 2.0 show substantial support, while 

those with ΔAICc 2-4 show moderate support (Burnham & Anderson 2002). 
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Table 2.1 Habitat features used for explaining nest-site selection (occupancy) of Black 

Tern nest sites  in southern Ontario, 2015-2016. 

 

Feature category/name Feature description, hypothesis (H), and prediction (P) 

 

Habitat 

 

Measurement at initial visit – measurement at final visit 

= CHANGE 

 

INITIALWD/CHANGEWD Water depth (cm); average taken from 4 sides of nest 

mat 

 

H1: Deep water provides a physical barrier to  

mammalian predators (Jobin & Picman 1997; Albrecht 

et al. 2006).  

P1: Occupied sites will be surrounded by deeper water 

than unoccupied sites near the time of nest-site 

selection (“initial”). 

P2: Unoccupied sites will have decreased in water depth 

over the nesting cycle (“change”) compared to occupied 

sites.  

               

INITIALOW/CHANGEOW 

 

Distance to nearest open water patch (m);  >=.25m2 

 

H1: Open water makes predators more visible 

(Borgmann et al. 2013) and indicates proximity to 

deeper water (Heath 2004).  

P1: Occupied sites will be closer to open water than 

unoccupied sites near the time of nest-site selection 

(“initial”). 

P2: Unoccupied sites will become more distant to open 

water over the nesting cycle (“change”) compared to 

occupied sites. 

               

INITIALPVEG/CHANGEPVEG 

 

 

 

 

 

 

 

 

 

Percentage of vegetation cover within a 2 m radius of 

nest 

 

H1: Vegetation provides concealment from predators 

(Martin 1993).  

P1: Occupied sites will be surrounded by more 

vegetation than unoccupied sites near the time of nest-

site selection (“initial”). 
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P2: Occupied sites will become more vegetated over the 

nesting cycle (“change”) compared to unoccupied sites.  

Spatial  

DISTNN Distance to nearest conspecific nest (m) 

 

H1: Proximal conspecific nests improve group nest 

defense through neighbour communication (Varela et 

al. 2007))  

P1: Occupied sites will be closer to the nearest 

conspecific nest than unoccupied sites 

H2: Dispersed nests provide protection from area-

restricted predator search (Maxson et al. 2007). 

P2: Occupied sites will be further from the nearest 

conspecific nest 
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Results  

 

Habitat variation 

 

Between 25 May and 12 Aug 2015-2016, we measured habitat features at 174 Black 

Tern nest sites and 68 alternate sites within the four study sites. Ninety-five nests and 

36 alternate mats were classified as early-season (Mean±SD=6 June±4 days), and 79 

nests and 32 alternate mats were classified as late-season (Mean±SD= 19 June±10days). 

Differences in habitat features were evident between the initial and final visits (change), 

as well as early and late seasons, and these differences varied between nest sites and 

alternate sites (Table 2.2). In the early season, proportion of vegetation, distance to 

open water, and water depth mostly increased between the initial and final visit, 

representing a change between conditions at the beginning of incubation and conditions 

near the time of nest failure/completion. Early nest sites showed a mean increase in 

proportion of vegetation, distance to open water, and water depth of 22%, 2m, and 

14cm respectively. At alternate sites, there was a mean increase in proportion of 

vegetation (26%) and distance to open water (7m), and a decrease in water depth 

(2cm). Late season nest habitat values showed less increase for proportion of vegetation 

(15%), water depth (3cm) and slightly more (3m) for open water than early season nest 

sites. Late season alternate sites exhibited more variability than early season alternate 

sites with slightly more increase in proportion of vegetation (23%), more increase in 

water depth (11cm), and less distance to open water increase between seasons (3m).   
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Nest site occupancy probability 

 

Nest site occupancy was influenced by different variables depending on seasonal timing. 

The top models explaining occupancy for early sites included CHANGEOW and 

CHANGEWD, while the top models for late sites included DISTNN and INTITIALPVEG 

(Table 2.3). For early sites, occupancy was negatively influenced by increasing distance 

to open water (CHANGEOW; β±SE=-0.12±0.04) and positively influenced by increasing 

water depth (CHANGEWD; β±SE=0.06±0.02) (Table 2.4, Figure 2.2). For late sites, 

occupancy was positively influenced by increased distance to the nearest conspecific 

nest (DISTNN; β±SE=0.05±0.02), and increased initial proportion of vegetation 

(INITIALPVEG; β±SE=0.03±0.01) (Table 2.4, Figure 2.3). There was more overall support 

for habitat change variables in the early season candidate set compared to the late 

season candidate set, when static variables had higher weights. 
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Table 2.2 Mean(SE) nest site characteristics of early and late-nesting Black Terns in 

southern Ontario, 2015-2016. For habitat change variables, + indicates an increase 

between initial and final visit and – indicates a decrease. See Table 2.1 for variable 

descriptions. 

 

 

Habitat Variable Early Late 

 Nest 

(n=95) 

Alternate 

(n=36) 

Nest 

(n=79) 

Alternate 

(n=32) 

INITIAL     

    Proportion of Vegetation (%) 35(2) 37(4) 47(2) 34(3) 

     Distance to Open Water (m) 2(0.2) 2(0.2) 3(0.4) 2(0.2) 

     Water Depth (cm) 121(2) 124(3) 134(3) 132(3) 

CHANGE     

      Proportion of Vegetation (%) +22(2) +22(4) +15(2) +23(5) 

      Distance to Open Water (m) +2(0.5) +7(2) +3(0.9) +3(1) 

      Water Depth (cm) +14(2) -2(2) +3(2) +11(4) 

Spatial Variable   

     Distance to Nearest Nest (m) 30(4) 30(3) 28(2) 17(2) 
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Table 2.3 Models assessed to explain nest site occupancy for Black Terns in 

southern Ontario, 2015-2016. Models ranked according to Akaike’s Information 

Criterion adjusted for small sample size (AICc). The number of parameters (k), AICc, and 

AICc weights (wi) and cumulative weights (cwi) are given for all models. Models within 2 

ΔAICc values of the best model (ΔAICc = 0) indicate strong support of the observed data. 

See Table 2.1 for variable descriptions. 

 

 

Model     k AICc ΔAICc wi cwi 

Early Sites (n=131)      

         CHANGEOW + CHANGEWD 3 119.24 0.00 0.74 0.74 

         CHANGEOW + CHANGEWD + CHANGEPVEG 4 121.36 2.13 0.26 1.00 

         GLOBAL 8 129.5 10.27 0.00 1.00 
         CHANGEWD 2 131.39 12.16 0.00 1.00 

         CHANGEOW 2 141.27 22.04 0.00 1.00 

         NULL 1 149.91 30.67 0.00 1.00 

         INTIALOW 2 151.05 31.81 0.00 1.00 

         INITIALWD 2 151.19 31.95 0.00 1.00 

         DISTNN 2 151.64 32.41 0.00 1.00 

         CHANGEPVEG 2 151.89 32.65 0.00 1.00 

         INITIALPVEG 2 151.97 32.73 0.00 1.00 

         INTIALOW + INITIALWD + INITIALPVEG 4 154.19 34.95 0.00 1.00 

Late Sites (n=111)      
         DISTNN + INITIALPVEG 3 120.55 0.00 0.86 0.86 

         DISTNN 2 124.69 4.14 0.11 0.97 

         INITIALPVEG 2 128.59 8.04 0.02 0.99 
         GLOBAL 8 128.92 8.37 0.01 1.00 

         INITIALPVEG + INITIALWD + INITIALOW 4 132.51 11.97 0.00 1.00 

         CHANGEWD 2 133.78 13.23 0.00 1.00 

         INITIALOW 2 134.34 13.79 0.00 1.00 

         CHANGEPVEG 2 134.68 14.13 0.00 1.00 

         NULL 1 135.37 14.83 0.00 1.00 

         CHANGEOW + CHANGEWD + CHANGEPVEG  4 136.24 15.69 0.00 1.00 

         INITIALWD 2 137.31 16.76 0.00 1.00 

         CHANGEOW 2 137.43 16.88 0.00 1.00 
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Table 2.4 Significant parameter estimates and standard error from logistic regression 

nest site occupancy models for Black Terns in southern Ontario, 2015-2016. See Table 

2.1 for variable descriptions. 

 

Model Set Variable Estimate Standard Error 

 

P-value 

Early Sites Intercept    1.33     0.28 <0.001 

 CHANGEOW -0.12 0.04 0.003 

 CHANGEWD 0.06 0.02 <0.001 

     

Late Sites Intercept -1.35 0.61 0.03 

 DISTNN 0.05 0.02 0.006 

 INITIALPVEG 0.03 0.01 0.02 
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(a) 

 
 

(b) 

 

 
 

Figure 2.2 Nest site occupancy probability versus (a) change in distance to open water, 

and (b) change in water depth, with 95% confidence intervals for early-nesting Black 

Terns in southern Ontario, 2015-2016. 

No 

Change 
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(a) 

 
 

 

(b) 

      
 

Figure 2.3 Nest site occupancy probability versus (a) distance to nearest nest, (b) initial 

proportion of vegetation, with 95% confidence intervals for late-nesting Black Terns in 

southern Ontario, 2015-2016.  
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Discussion 

 

 

In the early nesting season, Black Terns selected sites that (1) increased in water depth 

over the nesting cycle, and (2) experienced minimal change or slight decrease in 

distance to open water over the nesting cycle. Late-nesting terns selected sites based on 

static conditions at the time of nest selection, largely associated with distance to 

nearest conspecific nest, and initial proportion of vegetation. This variation could be 

explained by the seasonal availability of cues that indicate optimal future protection 

from predators (e.g., proportion of vegetation; Borgmann et al. 2013) or it may provide 

evidence of an adaptive response to prior predation risk through selection of features 

more conducive to avian predator deterrence (e.g., vegetation for concealment) than 

the features selected in the early season (e.g., water depth as physical barrier; Chalfoun 

& Martin 2010). 

 

Selection of concealed nest sites is a well-documented strategy of predator avoidance 

and is particularly effective at deterring avian predators (Clark & Nudds 1991; Latif et al. 

2012).  In highly seasonal, temperate environments, optimal future vegetation 

characteristics may be difficult to predict based on current cues (Betts et al. 2008). 

Wetland vegetation structure in particular, shows varying degrees of seasonal 

predictability due to numerous competing factors that affect growth (e.g., water level, 

light/turbidity, water temperature, nutrient input, substrate characteristics, wind/wave 

action; (Bornette & Puijalon 2011). When Black Terns arrive on their breeding territories 
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in early spring, vegetation coverage is sparse. A lack of predictive vegetation cues in the 

early season could explain why early-nesting Black Terns did not select sites based on 

proportion of vegetation. As vegetation coverage increased later in the season, static 

vegetation near the time of nest-site selection (“initial vegetation”) became a more 

reliable indicator of future concealment.  

 

Wetland water levels are an especially unpredictable indicator of future habitat quality 

(Bolduc & Afton 2008; Sergio et al. 2011). If water depth near the time of nest initiation 

does not predict future water depth, then it is unexpected that terns selected sites 

based on the degree and direction of change. Changes in open water proximity may be 

more predictable than water depth as these changes are more closely linked to 

vegetation growth. As floating-leaved and emergent aquatic vegetation grows, it fills in 

the open water patches and increases the distance between nests and open water 

patches.  The ability to seemingly predict the degree and direction of water depth and 

distance to open water change is likely attributed to other proximate structural 

indicators of future conditions that we have not considered (Smith & Shugart 1987). For 

example, the size or underlying structural interconnectivity between floating nest mats 

may be an indicator of how likely it is to remain water-logged or dry up over time. A 

small, isolated nest mat may be less influenced by surrounding substrate, allowing it to 

float up with increasing water levels, and remain structurally similar to its original state.  

Whatever the proximate predictive cues, a preference for increasing water depth was 

the result, and the subsequent benefit is presumed to be better protection from 
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mammalian predators (Jobin & Picman 1997; Albrecht et al. 2006). Preferring to 

maintain nest proximity to open water may also be a mammalian predator avoidance 

strategy. Open water patches lack vegetation, indicating deeper water, to prevent 

predator access, and to provide better lateral visibility to maintain vigilance (Brzezinski 

et al. 2013).   

 

For colonial species, predictive social cues and spatial aggregation are important drivers 

of nest site choice, indicating quality habitat (Doligez et al. 2002), and opportunities for 

group vigilance and communal defense (Roberts 1996; Gotmark & Andersson 1984). For 

semi-colonial species like the Black Tern, nest spacing choice is more flexible and 

balances proximity (social cues) with dispersal (avoidance of density-dependent 

predation; Bergman et al. 1970; Hickey & Malecki 1997; Bernard 1999; Heath 2004). 

Increased distances between conspecific nests and decreased nearest-neighbour 

depredation risk improved odds of nest  survival of Black Terns (Heath 2004; Maxson et 

al. 2007). This result is consistent with our findings that terns are selecting for, and 

benefiting from, dispersed nest spacing (Chapter 3). However, we found that late-

nesting birds appear to select dispersed sites, while early-nesting birds use other habitat 

cues, yet inter-nest spacing is constant between early and late seasons. While this may 

be a true ecological pattern, it is possible that our selection of alternate mats may have 

inadvertently created a distinction between used and unoccupied sites in the late 

season that did not appear in the early season. For example, as more floating mats of 

vegetation appeared in the late season, our search radius became constrained, making it 
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easier to select proximal alternate sites. Nonetheless, dispersed nest spacing is an 

important predictor of nest-site selection and survival in this species. 

 

Adjusting nest-site selection criteria between nesting efforts could be evidence of an 

adaptive “win-stay lose-switch strategy” (Switzer 1993). Using this strategy, birds that 

nest successfully would choose the same territory or habitat for subsequent nests, while 

unsuccessful birds would switch.  Previous predation risk informs subsequent nest-site 

selection between seasons in some species (Marzluff 1988; Eggers et al. 2006; Peluc et 

al. 2008), indicating adaptation to long-term selective pressures. There is also evidence 

of within-season adaptive selection in some species (Soderstrom 2001; Chalfoun & 

Martin 2010; Beckmann & McDonald 2016), illustrating their ability to respond to short-

term predation pressure by adjusting nest site choices. Without recent information on 

predator-specific risk, early-nesting Black Terns in our study may have selected features 

that would make predation difficult for mammalian predators; deeper water and closer 

open water. With the information gained from prior avian predation risk (concealed and 

dispersed sites improve survival for early nests at risk of depredation by Great Horned 

Owl; Bubo virginianus; Chapter 3), late-nesting terns appeared to switch selection 

strategies by favouring concealed, dispersed sites over sites with features more suited 

to mammalian predator deterrence (e.g., deep water, proximal open water). This may 

reflect an intra-seasonal switch from long-term (early selection criteria) to short-term 

(late selection criteria) optima (Clark & Shutler 1999). Unfortunately, the seemingly 

adaptive switch to more concealed and dispersed nests did not result in better survival 
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for late-nesting Black Terns (Chapter 3) and highlights the vulnerability of this declining 

species to an efficient avian predator like the Great Horned Owl (Appendix A).   

 

Whatever the mechanism behind intra-seasonal variation in nest-site selection, 

conservation measures that maximize success across changing conditions is essential.  

Our findings have illustrated the importance of examining nest-site selection at a more 

dynamic temporal scale, but additional work is required to make sound conservation 

decisions. Investigating selection in habitats characterized by different growing seasons, 

water level regimes, vegetation composition, and predator communities would help 

reveal commonalities in intra-seasonal selection that transcend site-specific drivers. 

Examining the role of nest mat size, configuration, or other proximate indicators of nest 

habitat change may give us insight into how birds manage unpredictable water levels 

and vegetation growth in wetland habitats. A more detailed assessment of marked 

individuals is also needed to determine if birds are truly adapting their nest site choices 

based on prior predation risk and whether this varies with breeding synchrony and 

individual experience (Nocera et al. 2006). 
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CHAPTER 3: Drivers of intra-seasonal variation in Black Tern nest survival 

 

 

Abstract   

 

 

Avian nest survival is rarely constant throughout the breeding season, yet the 

mechanisms that drive this variation have received relatively little attention. Intra-

seasonal changes in predation pressure often explain nest survival patterns but it is 

unclear if this effect is mediated by predator foraging behaviour or seasonal variability 

in the habitat features that deter predators. We examined intra-seasonal differences in 

the factors that influence daily nest survival rate of Black Tern (Chlidonias niger 

surinamensis) during 2015 and 2016 in southern Ontario, Canada. We investigated the 

survival of early and late-nesting birds as a function of nest-specific temporal and spatial 

characteristics, as well as the degree of nest habitat change over the nesting cycle.  The 

daily nest survival rate of early nesters showed a strong steady decline with increasing 

nest age, and a weak positive effect of increasing proportion of vegetation and 

increased conspecific nest spacing. Late nest survival was also strongly influenced by 

increasing nest age but with a more pronounced decline during the nestling stage, and 

an absence of any habitat or spatial correlates. A propensity towards smaller clutch sizes 

with diminished likelihood of survival in the late season, further highlights intra-seasonal 

differences in the factors that affect survival. We suggest that predator foraging 

behaviour influences intra-seasonal variation in survival patterns to a greater degree 

than seasonal variability in habitat features.   
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Introduction  

 

Nest survival is an important component of avian reproductive success (Johnson et al. 

1992) that can vary throughout the breeding season (Grant et al. 2005). Our 

understanding of why productivity can change over time has benefitted from advances 

in nest survival modelling techniques (Jones et al. 2007), yet many questions remain. 

Predation is the primary cause of nest failure in most avian species (Ricklefs 1969; 

Martin 1993) and intra-seasonal changes in predation pressure have been attributed to 

composition of predator communities and predator-specific foraging behaviour (Smith 

& Wilson 2010; Borgmann 2010; Cox et al. 2012). However, predation risk can also 

change over time due to intra-seasonal variation in the nest habitat features that deter 

predators such as vegetation cover.  Vegetation can provide critical concealment from 

predators (Clark & Nudds 1991; Martin 1992) yet vegetation structure can change 

considerably between early-season nest-site selection and the latter stages of nest 

development and re-nesting. Borgmann et al. (2013) found that a seasonal decrease in 

predation risk was associated with a seasonal increase in foliage density. Therefore, 

birds must select nest sites without full knowledge of the later extent of foliage 

development and predator concealment.  Wetland habitats have the added complexity 

of non-linear temporal fluctuations in water levels that can reduce a nest’s future 

capacity to provide protection from mammalian predators (Jobin & Picman 1997; Polak 

2016; Austin & Buhl 2011). Some species respond to changes in habitat structure by 

initiating intra-seasonal shifts in habitats (Betts et al. 2008; Brambilla et al. 2012; 
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McClure et al. 2013) and nest-site selection criteria (Goddard & Dawson 2009; Kearns & 

Rodewald 2013) but there is little information on the breeding outcome of these shifts.  

 

To investigate patterns of intra-seasonal variation in nest survival, we monitored a 

marsh-obligate, semi-colonial breeder that is undergoing population declines and 

degradation of habitat across most of its North American breeding range, the Black Tern 

(Chlidonias niger surinamensis; Heath et al. 2009).  Black Terns are able to re-nest (at a 

new nest site) after the failure of their first nest attempt, but this elongates the 

breeding season (by up to 44 days), in a dynamic marsh habitat that experiences intra-

seasonal changes to vegetation structure and water levels. Black Tern’s intra-seasonal 

variation in nest-site selection is associated with different habitat features between 

early and late broods, as well as the degree and direction of habitat change over the 

nesting cycle (Chapter 2). We showed that early-nesting birds select nest sites that (a) 

remain close to open water over the nesting period despite the encroachment of 

vegetation; and (b) increase in water depth over the nesting period. Late-nesting birds 

instead select sites with a higher proportion of vegetation at the beginning of the 

nesting cycle, and that are further from conspecific nests.  

 

Nest characteristics such as initiation date, clutch size, and distance between conspecific 

nests can influence survival of Black Tern nests (Maxson et al. 2007), but we still need a 

better understanding of the consequences of their nest habitat choices, particularly in 

light of their population decline and risks to their remaining habitat. The literature on 
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the topic is conflicting; previous studies have shown varying degrees of habitat influence 

on survival. Laurent (1993) documented increased nest success at nests surrounded by 

deep water, and (Chapman Mosher 1986) found that nests in Phalaris spp. were 

buffered from fluctuating water levels. However, other studies found no relationship 

between habitat characteristics and nest success (Bergman et al. 1970; Dunn 1979; 

Mazzocchi et al. 1997) These conflicting findings could arise from variation in site-

specific risk factors (e.g., flooding), or differences in study design and methods. How 

seasonally-varying vegetation characteristics and water levels affect waterbird survival is 

relatively unknown, as habitat measurements are typically made at the end of the 

nesting cycle (as reviewed by Burhans & Thompson 1998; Vega Rivera et al. 2009; 

Borgmann & Conway 2015). This approach does not necessarily represent the 

conditions at the time of nest-site selection, nor does it reflect the change that occurred 

over the nesting cycle (Burhans & Thompson 1998; Vega Rivera et al. 2009; Borgmann & 

Conway 2015; McConnell et al. 2017; Sergio et al. 2011). Investigating intra-seasonal 

variation in survival is necessary for species conservation, as preserving or managing 

habitats based on static conditions does not reflect the dynamic processes that shape 

nesting habitat and influence predation risk across the breeding season (Sergio et al. 

2011). 

 

We sought to determine the predictors of daily nest survival at a more dynamic 

temporal scale than studied previously, to identify the limiting factors that may vary 

across the nesting season (Table 3.1). We did this by determining (1) the influence of 
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temporal, spatial, and dynamic habitat features on daily nest survival rate of Black 

Terns; and (2) the degree of intra-seasonal variation in the influence of these factors on 

survival. We predicted that temporal, spatial, and dynamic habitat features will 

influence daily nest survival to varying degrees as conditions change between the early 

and late season. 

 

 

Methods Study area  

 

Our study area consisted of five wetland sites in the Kawartha Lakes region of southern 

Ontario (Canada), which lies at the southern edge of the Canadian Shield (Figure 2.1). All 

but one of the study colonies are connected to the Kawartha Lakes system, which is 

comprised of mostly shallow, highly vegetated lakes that are interconnected via the 

Trent-Severn Waterway. The waterway forms a large network of locks and dams 

designed for navigation between Lake Huron and Lake Ontario as well as flood control 

and power generation. Study sites are typical marsh habitats with an equal interspersion 

of semi-permanent cattail (Typha sp.) stands and open areas dominated by water lilies 

(Nymphaea sp.) and bulrush (Schoenoplectus sp.; one site only). Other emergent 

macrophytes present include small amounts of sedge (Carex sp), wild rice (Zizania sp.), 

and loosestrife (Lythrum sp). Adjacent land use is a mosaic of agriculture (mostly hay 

and pasture), mixed woodlot, and seasonal residences. 
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Nest-searching and monitoring  

 

In 2015 and 2016, we found nests by systematic search of each study site via canoe. We 

located nests by observing adults flushing or incubating, or by locating unattended 

nests.  Nest detection was aided by the conspicuous nature of Black Tern nest defense 

behaviour. We recorded the locations of active nests with a Global Positioning System 

(GPS) unit and we placed an inconspicuous bamboo marker 2 meters north of the nest 

cup. On average, we visited nests every six days. At each interval, we floated eggs to 

estimate embryo age (Hays & LeCroy 1971; Dunn 1979) and recorded nest fate.  Nests 

were considered abandoned if eggs were cold on two consecutive visits and depredated 

if their contents were empty before predicted hatch date and there was no sign of nest 

defense by adults. For empty nests where fate could not be assigned with certainty, we 

recorded the fate as unknown and used only the data up to the prior visit (as the nest 

was successful, i.e. not depredated or abandoned, to this point). We also equipped 51 

nests with motion-sensitive infrared cameras (Reconyx RC55, Scout Guard 

SG550/SG530, Moultrie 900i/1100i, Browning Strikeforce HD) to capture images of chick 

fate and depredation events. Cameras were deployed at nests opportunistically across 

the five study sites and positioned 2 - 3 m from the nest cup. Plastic spikes were affixed 

to camera tops to discourage avian predators from perching.  

 

  



46 

 

 

 

Temporal covariates 

 

We examined both linear and quadratic nest age (AGE+AGE2; days) and initiation date 

(IDATE; annual Julian date) as potential predictors of nest survival (Table 3.1). We 

considered IDATE to be the date on which the first egg was laid in the nest. This was 

calculated by subtracting the estimated age of the clutch (determined through egg 

flotation; Hays & LeCroy 1971; Dunn 1979) and the number of laying days (1 egg per day 

on average; Heath et al. 2009) from the date of nest discovery. To further investigate 

intra-seasonal variation in nest survival, we used the frequency distribution of clutch 

initiation dates to classify nests initiated on or before 3 June as “early”, and nests 

initiated after this date as “late”. Replacement clutches could not regularly be 

distinguished from those of late-breeding birds, however, at each study site, the 

presence of new late clutches generally coincided temporally with the failure of early 

clutches.  

 

Habitat change and spatial covariates  

 

In addition to temporal variables, we examined habitat change and spatial covariates as 

potential predictors of nest survival (Table 3.1). We measured habitat features at each 

nest site at two distinct time periods; “initial” visit (nest discovery; early nests 

Mean±SD= 6 June±3.7 days; late nests Mean±SD 21 June±10.8 days) and “final” visit 

(nest completion; failed or successful; early nests Mean±SD = 26 June±5.3 days; late 

nests Mean±SD = 10 July±13.5 days). Calculating the difference between initial and final 
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measurements allowed us to determine the degree of change that occurred over each 

nesting cycle. Our measurements included average water depth from four sides of the 

nest mat (CHANGEWD; cm), estimated proportion of vegetation cover within a 2-meter 

radius of the nest bowl (CHANGEPVEG; %), and distance to the nearest ≥0.25m2 patch of 

open water (CHANGEOW; m) measured with a rangefinder. To assess whether nest 

predation was dependent on nest spacing, we used ArcGIS 10 (ESRI 2011) to calculate: i) 

the distance to the nearest conspecific nest (DISTNN; m); and ii) distance to the nearest 

conspecific nest that was depredated (DISTDEP; m). 

 

Statistical analysis  

 

Variability in daily nest survival rate was examined using the logistic exposure method 

via a generalized linear model. Logistic exposure is analogous to logistic regression with 

a custom logit link to account for the number of exposure days (Shaffer 2004). We 

determined if the binomially-distributed daily survival probability (interval nest fate = 0 

if failed, 1 if successful) was associated with the eight temporal, spatial, and habitat 

change variables, as well as clutch size (Table 3.1). Nest outcome was considered 

successful if at least one egg hatched.  Study site and year were initially included as 

random effects but were excluded from later models, as they accounted for a small 

component of the variance (≤ 2%) and we did not want to unnecessarily constrain the 

parameter estimates for fixed effects. We checked for multi-collinearity between all 

explanatory variables using Spearman’s rank correlation (due to non-linear data) and 
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found no need to eliminate any covariates, as no r-value was greater than 0.37 (r ≥ 0.7 is 

a common threshold for critical collinearity; Dormann et al. 2012). We also assessed the 

correlation between nest age at the time of completion/failure (when final habitat 

measurements are made) and habitat change variables, as it is possible that the 

relationship between habitat change and survival is merely a function of survival time 

(McConnell et al. 2017). No r-values were over 0.16.  

 

We developed candidate sets of a priori models (Table 3.3) and evaluated models using 

Akaike’s Information Criterion corrected for small sample size (AICc; Hurvich & Tsai 

1989). Models were ranked using AICc differences (ΔAICc), and Akaike’s weights (wi) 

were used to assess the relative contribution from each model to the set of candidates 

(Burnham & Anderson 1998; Anderson et al. 2000). Models with ΔAICc < 2.0 show 

substantial support, while those with ΔAICc 2-4 show moderate support (Burnham & 

Anderson 2002).    

 

Since clutch size is known to vary with time (Kroll & Haufler 2009), we used logistic 

regression to explore the relationship between clutch size as a binomial response 

variable (0=2-egg clutch, 1=3-egg clutch) and initiation date.  We also created a 

contingency table to reveal any association between camera presence and nest success, 

as cameras may attract or deter predators (Richardson et al. 2009). All statistical 

analyses were performed using program R (version 3.3.1; R Core Team 2006) 
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Table 3.1 Covariates used for explaining daily survival rate of Black Tern nests in 

southern Ontario, 2015-2016. 

 

Variable category/name Variable description, hypothesis (H), and prediction (P) 

Temporal  

               AGE Daily nest age (days; day 1 = initiation date) 

 

H1: Nest predation increases with parental activity 

associated with nestling care (Martin et al. 2000). 

P1: DSR will increase with increasing nest age 

               

               AGE2 

 

Quadratic effect of age 

 

H1: Nest survival may be or lower at mid-point of nest 

development than at the beginning or end 

(Grant et al. 2005). 

P1: DSR will be lower at the mid-point of nest 

development 

 

               IDATE Date when nest was initiated (1st egg laid) 

 

H1: Experienced individuals nest earlier in the season 

(Öberg et al. 2014). 

P1: DSR will decrease with advancing initiation date 

Spatial  

               DISTNN Distance to nearest conspecific nest (m) 

 

H1: Proximal conspecific nests improve group nest defense 

through neighbour communication (Varela et al. 2007))  

P1: DSR will increase as DISTNN decreases 

H2: Dispersed nests provide protection from area-

restricted predator search (Maxson et al. 2007). 

P2: DSR will increase as DISTNN increases 

 

               DISTDEP Distance to nearest depredated conspecific nest (m) 

 

H1: Increased likelihood of depredation in relation to 

nearby depredation event (Heath 2004).  

P1: DSR will increase as DISTDEP increases 
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Habitat Measurement at initial visit – measurement at final visit = 

CHANGE 

                

              CHANGEWD 

 

Water depth (cm); average taken from 4 sides of nest mat 

 

H1: Influences mammalian predator access to nests (Jobin 

& Picman 1997; Albrecht et al. 2006) 

P1: DSR will decrease as water depth decreases over the 

nesting cycle. 

               

               CHANGEOW 

 

Distance to open water (m); patch size >=.25m2 

 

H1: Open water makes predators more visible  

(Brzezinski et al. 2013) and indicates proximity to deeper 

water (Heath 2004) 

P1: DSR will decrease as open water becomes more distant 

over the nesting cycle. 

                

               CHANGEPVEG 

 

Percentage of vegetation cover within a 2 m radius of nest 

 

H1: Vegetation provides concealment from predators 

(Martin 1993).  

P1:  DSR will increase as sites become more vegetated 

over the nesting cycle. 

 

               CLUTCH 

 

Clutch size;  mode = 3 eggs 

 

H1: The most common brood size within the population 

should produce the greatest number of surviving young 

(Lack 1947). 

P1: DSR will be higher for 3-egg clutches 
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Results  

 

Nest Outcomes 

 

Between 21 May and 27 July 2015-2016, we found 223 tern nests within the five study 

sites. Three nests were found after hatch and excluded from further analyses. One-

hundred thirty-four nests were initiated early (on or before 3 June) and 86 were 

initiated late (after 3 June).  We could clearly determine nest fate for 88% of all nests. 

Thirty-five percent of early-season and 43% of late-season nests successfully hatched at 

least one chick (Table 3.2). Of the unsuccessful nests, 61% of early and 52% of late nests 

were depredated, 16% of early and 36% of late nests were abandoned, 21% of early and 

7% of late nests were flooded, and 2% of early and 5% of late nests were crushed by 

other waterbirds (e.g., Great Blue Heron; Ardea herodias, and Wood Duck; Aix sponsa). 

Nest habitat measurements were incomplete for 34 nests, leaving 110 early and 76 late 

nests for the survival analysis. 

 

Predator Identification 

 

Motion cameras captured depredation events at 10 nests. Eight events at 2 study sites 

were attributed to Great Horned Owl (Bubo virginianus), and 2 events at a different site 

were attributed to Raccoon (Procycon lotor). American Mink (Neovison vison) was a 

suspected predator at a fourth site but was not captured on camera. At the egg stage, 

most depredated nests were fully consumed by predators in a single event. When chicks 



52 

 

 

 

were mobile, it was difficult to distinguish partially-depredated broods from broods with 

hidden chicks. Both eggs and chicks were consumed by Great Horned Owl, and large 

clumps of adult tern feathers were found near nests on 4 occasions, indicating adult 

predation. The presence of cameras did not attract predators as there was no 

association between camera presence and nest success (Chi square test, χ2 = 0.015, P = 

0.90).  

 

Daily Nest Survival Rate  

 

Temporal, spatial, and habitat change variables were all included in the top models 

explaining daily survival rate (DSR) to varying degrees depending on seasonal timing 

(Tables 3.3 and 3.4). DSR was strongly influenced by linear and quadratic effects of nest 

age (AGE+AGE2) for both early (linear; β±SE=-14.9±2.2, quadratic; 5.1±2.0) and late 

(linear; β±SE=-13.0±2.2, quadratic; β±SE= -6.3± 2.3) nests (Tables 3.3 and 3.4), but the 

shape of the relationship differed among the two time periods (Fig. 3.1). Models lacking 

age variables were not supported for either season (Table 3.3).  For the early nest 

candidate set, the change (increase) in proportion of vegetation (CHANGEPVEG) and the 

distance to the nearest conspecific nest (DISTNN) were included in the top model but 

had a weaker positive effect on DSR than nest age (CHANGEPVEG; β±SE=0.01±0.005, 

DISTNN; β±SE=0.01±0.004; Fig. 3.2). No habitat or spatial models appeared to explain 

DSR in late nests but survival was significantly positively related to an increase in clutch 

size (CLUTCH; β±SE=0.67±0.26). There was a general lack of support for models 
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containing only habitat and spatial covariates, and univariate models (i.e., ΔAICc > 10). 

There was no relationship between initiation date (IDATE) and DSR but further analysis 

revealed that initiation date influenced clutch size. For every day that passed before 

nest initiation, the odds of being a 3-egg clutch (versus a 2-egg clutch)  decreased 5-fold  

(95% CI: 2.0–8.0). 
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Table 3.2 Apparent nest outcomes for Black Terns in southern Ontario, 2015-2016.  

 

Nest Outcome   Early (n=134)   Late (n=86) 

   

Successful 47 (35%) 37 (43%) 

Unsuccessful 67 (50%) 42 (49%) 

Unknown Fate  20 (15%) 7 (8%) 

Unsuccessful    

Depredated 41 (61%) 22 (52%) 

Abandoned 11 (16%) 15 (36%) 

Flooded 14 (21%) 3 (7%) 

Other 1 (2%) 2 (5%) 
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Table 3.3 Models assessed to explain daily survival rate (DSR) of Black Tern nests in 

southern Ontario, 2015-2016. Models ranked according to Akaike’s Information 

Criterion adjusted for small sample size (AICc). The number of parameters (k), AICc, and 

AICc weights (wi), and cumulative weights (cwi) are given for all models. Models within 2 

ΔAICc values of the best model (ΔAICc = 0) indicate strong support of the observed data. 

See Table 3.1 for variable descriptions. 

 

Model k AICc ΔAICc wi cwi 

Early Nests (n=110)      

     AGE+AGE2+CHANGEPVEG+DISTNN 5 400.31 0.00 0.61 0.61 
     AGE+AGE2+CHANGEPVEG 4 403.04 2.73 0.16 0.77 
     AGE+AGE2+DISTNN 4 404.14 3.83 0.09 0.86 

     GLOBAL 
1

0 404.49 4.17 0.08 0.94 
     TEMPORAL 4 405.51 5.19 0.05 0.99 
     AGE+AGE2 3 406.87 6.55 0.01 1.00 
     NULL 1 451.59 51.27 0.00 1.00 

     CHANGEPVEG+DISTNN 3 451.96 51.65 0.00 1.00 

     DISTDEP 2 452.44 52.12 0.00 1.00 

     IDATE 2 452.67 52.35 0.00 1.00 

     DISTNN 2 452.74 52.42 0.00 1.00 

     CLUTCH 2 452.81 52.49 0.00 1.00 

     CHANGEWD 2 452.97 52.66 0.00 1.00 

     CHANGEOW 2 453.59 53.28 0.00 1.00 

     DISTNN+DISTDEP 3 454.15 53.83 0.00 1.00 

     CHANGEPVEG+CHANGEWD+CHANGEOW                             4 454.21 53.90 0.00 1.00 

Late Nests (n=76)      

      AGE+AGE2+CLUTCH 4 261.59 0.00 0.86 0.86 
      AGE+AGE2 3 266.3 4.71 0.08 0.94 

      GLOBAL 
1

0 268.04 6.45 0.03 0.97 
      TEMPORAL 4 268.37 6.78 0.03 1.00 
      CLUTCH 2 315 53.41 0.00 1.00 

      NULL 1 316.35 54.76 0.00 1.00 

      CHANGEOW 2 316.97 55.38 0.00 1.00 
      DISTDEP 2 317.91 56.32 0.00 1.00 

      CHANGEPVEG 2 317.98 56.39 0.00 1.00 

      DISTNN 2 318.15 56.56 0.00 1.00 

      IDATE 2 318.32 56.73 0.00 1.00 
      CHANGEWD 2 318.35 56.76 0.00 1.00 

      DISTNN+DISTDEP 3 319.28 57.7 0.00 1.00 

      CHANGEPVEG+CHANGEWD+CHANGEOW 4 320.65 59.06 0.00 1.00 
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Table 3.4 Significant parameter estimates and standard error from logistic-exposure 

nest survival models for Black Terns in southern Ontario, 2015-2016. See Table 3.1 for 

variable descriptions. 

 

Model Set Variable Estimate Standard 

Error 

P-value 

Early Nests Intercept 2.53 0.19 <0.001 

 AGE -14.97      2.19 <0.001 

 AGE2 5.10    2.00 0.01 

 CHANGEPVEG 0.01 0.005 0.02 

 DISTNN 0.01 0.004 0.04 

Late Nests Intercept 1.13 0.67 0.09 

 AGE -12.99 2.18 <0.001 

 AGE2 -6.27 2.29 0.01 

 CLUTCH 0.67 0.26 0.01 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



57 

 

 

 

(a) 

 
(b) 

  
 

Figure 3.1 AGE+AGE2 versus daily survival rate (DSR) for (a) early nests, and (b) late 

nests and 95% confidence intervals for Black Terns in southern Ontario, 2015-2016, 

using logistic-exposure nest survival modelling 
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a) 

 
 

b) 

 
 

Figure 3.2 Change in proportion of vegetation within a 2-m radius of nest (a) and 

distance to nearest nest (b) versus daily survival rate (DSR) and 95% confidence intervals 

for early-nesting Black Terns in southern Ontario, 2015-2016, using logistic-exposure 

nest survival modelling 
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Discussion 

 

 

There is intra-seasonal variation in the factors that affect daily survival rate of Black 

Tern. Survival of both early and late nests is heavily influenced by nest age, but the 

shape of this relationship differs between the two periods. Early nests exhibit a gradual 

decline in survival throughout incubation with a marginally steeper decline during the 

nestling stage. However, late nests show stable survival during incubation followed by a 

precipitous decline during the nestling stage. This pattern might be explained by 

predation pressure that varies with the developmental stage of the nest (Skutch 1949). 

Activity around the nest site differs among laying, incubation, and nestling stages 

(Skutch 1949; Martin et al. 2000; Muchai & du Plessis 2005)  and added movement and 

sound from adults and chicks during the nestling stage provides additional cues to 

predators (Martin et al. 2000). Raptors are especially equipped to take advantage of 

these auditory and visual cues, making nests more vulnerable to these predators during 

the nestling stage (Cox et al. 2012). Predator foraging behavior may also vary over the 

season due to accumulating prey cues (Grant et al. 2005), exposure to search images, 

and preference for larger food items (Schmidt 1999) causing a steeper decline during 

the nestling stage in late season. 

 

The most significant nest predator at our sites was Great Horned Owl as 80% of nest 

predation events that we captured could be attributed to this species. Owl presence was 

consistent throughout years and across the season, and consumption of tern eggs and 
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chicks was documented on camera during the current and previous studies (Appendix 

A). The Great Horned Owl is known as an opportunistic nocturnal predator (Artuso et al. 

2013), that relies heavily on auditory and visual cues to capture prey (Marti 1974). Black 

Terns appear to be susceptible to Great Horned Owl predation in several ways. Their use 

of open areas for nesting places them in preferred owl foraging habitat (Artuso et al. 

2013) and their semi-coloniality and reliance on available (often localized) habitat 

features (e.g., floating substrate;  Heath 2004; Maxson et al. 2007) puts them at risk for 

area-restricted “perch and pounce” foraging by owls (Marti 1974). Occasionally 

abandoning nests at night is an adult survival strategy that has been documented in 

Black and Common Tern (Sterna hirundo), making nests vulnerable to increased 

incubation length or complete abandonment (Nisbet & Welton 1984; Heath 2004). 

Finally, Black Terns lack the defensive vigour shown by other tern species (Heath et al. 

2009). A review of our camera evidence showed that Great Horned Owls were not 

perturbed by defensive Black Terns.  Identification of predators and their foraging 

behaviour is integral to understanding prey-specific vulnerability as well as intra-

seasonal variation in predation risk and its effect on nest survival (Weidinger 2009; 

Ibanez-Alamo et al. 2015). 

 

We found that daily survival rate is weakly influenced by intra-seasonal changes to nest 

habitat characteristics such as vegetation cover. The degree of concealment at the nest 

site can influence vulnerability to predation, especially when there is risk of predation by 

avian species (Clark & Nudds 1991; Latif et al. 2012). However, vegetation coverage is 
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not static over the nesting cycle and across the breeding season. We found that an 

increase in the proportion of vegetation over the nesting cycle slightly increased the 

probability of daily survival, but only for early nests. Late nests have more vegetation 

than early nests at the start of the nesting cycle, and vegetation growth slows down in 

the late season (Chapter 2), therefore, we would expect a diminished effect of 

vegetation change for late nests. Previous studies have suggested that foliage phenology 

contributes to variation in concealment effect (Howlett & Stutchbury 1997; Goddard & 

Dawson 2009; Du et al. 2014) but few have attempted to explicitly test this by modelling 

daily survival as a function of vegetation change over a single nesting cycle (but see 

Borgmann et al. 2013). In general, most published nest survival research has failed to 

reveal a link between concealment variables and survival (as reviewed by Burhans & 

Thompson 1998; Borgmann & Conway 2015; McConnell et al. 2017). This disconnect 

could be a function of the time nest habitat measurements are generally made; most 

habitat assessment is conducted at the end of the nesting season, typically after the 

nest has failed (Burhans & Thompson 1998; Borgmann & Conway 2015; McConnell et al. 

2017). Very few researchers report making measurements at the start of the nesting 

season (presumably to avoid disturbance). This is surprising given that habitat 

conditions early in the season would more closely reflect the conditions at nest-site 

selection, thereby revealing any potential links between selection and fitness. 

Measuring habitat change across the nesting cycle and breeding season, especially in 

dynamic habitats (e.g., northern climates, wetlands), may provide a more accurate 
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representation of intra-seasonal influences (Burhans & Thompson 1998; Kroll & Haufler 

2009; McConnell et al. 2017) 

 

We found no links between increasing water depth, proximity to open water, and 

probability of survival, despite Black Tern’s early-season selection of nests that result in 

these features (Chapter 2). These habitat features may be better at protecting nests at 

sites with mammalian predators as increased water depth would hinder predator access 

to nests (Albrecht et al. 2006) and open water patches would provide prey with better 

lateral visibility (Brzezinski et al. 2013). Jedlikowski et al. (2015) found that water depth 

did not significantly affect breeding success in the Water Rail (Rallus aquaticus) and 

Little Crake (Porzana parva), since the main predator of their nests was a raptor. 

Although Raccoons were responsible for some nest predation at our study sites, and we 

suspected some American Mink activity, Great Horned Owl presented the greatest 

predation risk. Presumably, Black Terns could be attempting to reduce their avian 

predation risk by selecting concealed sites over deep-water sites on their second nest-

attempt (Chapter 2), but by this point in the season, reduced clutch size may influence 

survival more than increasing concealment. 

 

We found that increased distances between nests of conspecifics slightly improved the 

probability of survival but only for early-nesting birds. Previous Black Tern survival 

studies concur that increased conspecific nest spacing (Maxson et al. 2007) and 

decreased nearest-neighbour predation odds (Heath 2004) improved survival; however, 
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they did not examine the intra-seasonal influence of these factors. The lack of late-

season nest density effects suggests that other factors such as reduced clutch size may 

be masking the benefits of dispersed nest placement for late-nesting birds.  Avian (and 

other) predators are known to target habitat patches and exploit nest proximity, or at 

least inadvertently increase the odds of nearest-neighbour predation through chance 

encounter (Chalfoun & Martin 2009). Colonial-nesting species are especially vulnerable 

to this density-dependent predation risk but dispersed nesting patterns can reduce this 

risk (Tinbergen et al. 1967; Lariviere & Messier 1998). A highly habituated and area-

restricted predator like the owl in our study may exhaust proximal prey resources, 

requiring longer foraging trips as the season progresses, thus negating any dispersal 

benefits for late-nesting birds. 

 

We found that clutch size influenced survival, but only for late nests, which is not 

surprising given that our subsequent analysis revealed that initiation date was a strong 

predictor of clutch size. There are multiple competing (probably synergistic) hypotheses 

for the seasonal decline in clutch size (Decker et al. 2012). Older more experienced 

individuals tend to nest earlier and have larger clutches (Haymes & Blokpoel 1980; 

Martin 1995) and/or a seasonal decline in resources or increase in predation risk may 

compel birds to adapt by decreasing clutch size (Sockman 1997; Eggers et al. 2006; Lima 

2009). In our study, 2-egg clutches were three times less likely to survive than 3-egg 

clutches. Maxson et al. (2007) showed a very similar result with a 2.8-fold decrease in 

survival likelihood for 2-egg clutches of Black Terns. Decreased survival for small 
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clutches is a widespread phenomenon, especially among Larids and may reflect parental 

inexperience (Lack 1947; Arnold 2011; Gilliland et al. 2016). 

 

Overall, Black Terns appear to gain some benefit from their nest site choices early in the 

breeding season, but this effect is weak and not maintained as the season progresses.  

Total predation is high throughout the breeding season but patterns of age-related 

vulnerability differ between early and late nests. Outside of predator management, 

which is not always an option, management may be limited to the protection (and 

maintenance) of high quality nesting habitat. Habitat loss and degradation along with 

increased populations of generalist predators (Chalfoun et al. 2002) result in isolated 

patches of suitable habitat that can act as ecological traps by concentrating both nests 

and predators in small areas where predator search efficiency is high (Clark & Nudds 

1991). Habitat suitability models concur that large or interconnected wetland patches 

are integral to Black Tern productivity (Naugle et al. 2000; Steen & Powell 2012; Shealer 

& Alexander 2013; Forcey et al. 2014) however, the variable predictive ability of these 

models coupled with the results of our study, suggests that the finer-scale resolution of 

nest site characteristics requires closer examination, with particular emphasis on 

features that ensure  success throughout the breeding season. To better generalize our 

findings, future work should consider study sites characterized by different vegetation 

communities (e.g., narrow-leaved emergents) and predator guilds (e.g., mammals).  
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CHAPTER 4: General Discussion 

 

 

Variation in reproductive success is often mediated by irregular changes to risk and 

resources. Identifying how these changes constrain decision-making and affect breeding 

outcomes is essential to understanding the adaptive responses that underlie population 

persistence. Habitat loss and predation risk are the most important sources of extinction 

in birds (Langen et al. 2002). Thus, it is important to examine how declining populations 

of bird species respond to variation in risk when habitat is changeable and potentially 

limiting. The overall objective of this study was to investigate the nest-site selection 

strategies that a migratory waterbird in population decline uses to cope with 

uncertainty in their environment, and the ultimate reproductive outcome of those 

strategies. 

 

In Chapter 2 I show that Black Tern nest-site selection varied intra-seasonally. Early-

nesting birds selected nest sites at which water depth increased over time and open 

water remained close by, despite the seasonal encroachment of vegetation. This 

suggests a decision-making strategy that anticipates apparent future optima for 

mammalian (e.g., Raccoon) predator deterrence, rather than relying on features as they 

appeared near the time of nest-site selection   Late-nesting terns selected sites based on 

static conditions at the time of nest selection; distance to nearest conspecific nest, and 

initial proportion of vegetation. This variation in selection strategies between seasons 

could stem from seasonal availability of the cues that indicate future protection from 
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mammalian predators, or it may indicate that birds are adjusting subsequent selection 

strategies to match prior avian predation risk.  

 

I followed the nest-site selection analysis with an evaluation of subsequent breeding 

outcome, and in Chapter 3 I describe intra-seasonal variation in the patterns of nest 

survival.  Survival of early nests steadily declined with nest age but improved slightly 

with increasing vegetation cover and distance between conspecific nests. Late nest 

survival showed a steeper decline in the nestling stage and decreased with clutch size 

with no benefits from improving concealment and dispersed nesting.  

 

My results suggest that intra-seasonal variation in predator foraging behavior and a 

slight effect of habitat-mediated predation risk drives variation in Black Tern fitness; 

however, future research is required to better generalize our findings. Subsequent 

studies could compare sites with different vegetation types. Our nest sites were 

dominated by water lily (Nymphaea sp.), which likely differs from narrow-leaved 

emergents (e.g., bulrush; Scirpus sp) in growth parameters, concealment effect, and 

influence on nest integrity (Paillisson et al. 2006). Great Horned Owl was the primary 

predator of nests at our sites and was a major influence on patterns of survival. Sites 

dominated by mammalian predators might show a different pattern of intra-seasonal 

nest-site selection and survival (Weidinger 2009), and are worth considering for future 

work. 
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We posited that nest-site selection strategies may be predictive and adaptive, but more 

research is required to strengthen this argument. Exploring potential proximate 

indicators of future habitat conditions may tell us how terns anticipate changing water 

depths and proximity to open water patches.  For example, size may influence a floating 

nest mat’s potential to take on water or dry up, as a large mat has more substrate 

surrounding the nest cup and more structural integrity to buffer inundation (Bakaria et 

al. 2009). Nest mats can be exposed portions of larger vegetative masses that are 

interconnected underwater.  As such, processes that affect one nest mat can easily 

affect neighbouring mats.  For example, vegetation encroachment can more greatly 

affect multiple mats than it can a solitary mat, and connectivity between mats can 

reduce their ability to float freely with changing water levels (Bakaria et al. 2009). We 

hypothesized that intra-seasonal differences in nest selection criteria could result from 

an adaptive response to prior predation risk, but detailed monitoring of marked birds is 

needed to determine if individuals are truly adapting their nest site choice based on 

predation risk (Kearns & Rodewald 2013). 

 

Loss and degradation of wetlands is a major threat to Black Tern conservation (Naugle 

2004) and landscape-scale habitat suitability research has prioritized the protection of 

large wetlands and wetland complexes (Naugle et al. 2000; Steen & Powell 2012; 

Shealer & Alexander 2013; Forcey et al. 2014). Habitat heterogeneity (between and 

within sites) can buffer the effects of stochastic resources (e.g., optimal nest sites) and 

risk (e.g., predation pressure) by providing an abundance of high quality options 
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between and within seasons. However, in the absence of timely solutions to increase 

habitat heterogeneity across landscapes, fine-scale habitat management may be the 

best option to improve occupancy and productivity at existing sites.  

 

Since predation pressure is a major cause of Black Tern nest mortality (Chapter 3; 

Maxson et al. 2007; Heath & Servello 2008), wildlife managers could attempt to improve 

reproductive success by preventing predator access or reducing predator density. Nest 

exclosures can be effective for reducing predator access to Black Tern nests (Heath & 

Servello 2008), but they are invasive, labour-intensive, and must be tailored to site-

specific predator guilds to be effective (Smith et al. 2011; Heath & Servello 2008). 

Likewise, predator removal can temporarily improve breeding performance of birds, but 

efficacy of this approach depends on predator/prey species, site characteristics, and 

removal method, and should only be attempted after system-specific efficacy is 

considered  (Smith et al. 2010).  Predator density or activity per se may not be the 

ultimate problem. Instead, habitat loss and degradation result in isolated patches of 

suitable habitat that concentrate nests and predators in small areas, thereby improving 

predator efficiency (Clark & Nudds 1991).  

 

Water level regulation can cause untimely fluctuations that reduce availability of nest 

substrate and cause direct inundation of nests (Desgranges et al. 2006; Gilbert & 

Servello, Frederick 2005). If nesting habitat is not available at the beginning of the 

breeding season, birds will delay nesting (Shealer et al. 2006; von Zuben unpublished 



75 

 

 

 

data), increasing the likelihood that they will produce small clutches and/or compelling 

them to expend energy looking for new nesting territories. This emphasizes the need to 

work with waterway control agencies to regulate early-season water levels. Artificial 

nest platforms may also support successful nesting. They can be an effective way to 

protect tern nests from fluctuating water levels, while supplementing nest sites in the 

absence of available natural nest substrate, especially in the early-season (Shealer et al. 

2006; Tinbergen & Heemskerk 2016). However, established criteria for the placement of 

these platforms has not been developed, which might explain their lack of use in some 

areas (Shealer et al. 2006; Beintema et al. 2010). Our knowledge of optimal breeding 

conditions can help wildlife managers tailor the placement of artificial platforms to 

incorporate vegetation cover and optimize spacing, thereby increasing their use and 

success rate.  
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Appendix A 

 

 
Egg predation by Great Horned Owls: A significant predator of Black Tern nests in 
Kawartha Lakes, Ontario 1 
 
Valerie von Zuben and Joseph J. Nocera 
 
 

The Black Tern (Chlidonias niger) is a species of Special Concern in Ontario that has undergone 

an annual population decline of 10.5% across the Great Lakes basin since 1995 (Tozer 2013).  

Population recovery has been hampered by low breeding productivity, for example, nest success 

(% of nests that hatched ≥1 chick) averaged 37% across nine studies conducted in Ontario, 

Minnesota, New York, Iowa and Wisconsin (Heath et al. 2009).  Predation has been found to limit 

Black Tern productivity in some areas (Heath and Servello 2008, Maxson et al. 2007, Mazzochi et 

al. 1997) but the mechanisms are not well documented. Predator identity has been confirmed 

with evidence in only the situations of Great Blue Herons (Ardea herodias) preying on chicks 

(Chapman and Forbes 1984) and Great Horned Owls (Bubo virginianus) preying on adults 

(Murphy 1997). All remaining accounts of which we are aware are comprised of circumstantial 

evidence and/or inferences from mobbing behaviour by terns (Cuthbert 1954, Bailey 1977, Dunn 

1979, Chapman Mosher 1986, Firstencel 1987, Shealer and Haverland 2000, Heath and Servello 

2008).  

We investigated factors affecting nest success in five Black Tern colonies in the Kawartha Lakes 

region: Rice Lake, Pigeon Lake, Emily Creek, Osler Marsh and Buckley Lake from 2013-2015. 

We conducted nest searches and subsequent monitoring once a week at each site for twelve 

consecutive weeks, beginning the third week of May. We recorded the location of the nest, clutch 

size, egg flotation stage (Hays and LeCroy 1971) and a suite of habitat variables. We also 

sampled prey at 15 locations and monitored 60 artificial nest platforms throughout the season. To 

                                                      
1 von Zuben, V., Nocera J.J. 2015. Egg predation by Great Horned Owls: A significant predator of Black 

Tern nests in Kawartha Lakes, Ontario. Ontario Birds 33(3):50-69. 
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determine nest fate and identify predators, we deployed motion-sensitive infrared cameras 

(Figure 1) at 13 nests in 2014 and 17 nests in 2015. Cameras offer the most accurate method of 

surveillance (Williams and Wood 2002) and disturbance to the terns was minimal. We mounted 

cameras on hollow metal poles and inserted the poles into mud and vegetation within 2 meters of 

nests. Birds acclimatized to cameras within a few minutes. We placed most of our cameras at the 

two sites with the highest rate of nest failure: Emily Creek and Osler Marsh. The majority of 

cameras were set up to take still images to conserve card memory, but a sub-set of cameras 

recorded 10-second video clips. Battery life and card memory usage were monitored weekly. In 

2015, plastic bird deterrent spikes were affixed to cameras and mount poles to discourage 

perching. 

Figure 1. Image of HCO Scout GuardR SG560 and Black Tern pair with nest and eggs at Emily Creek.  
Photo: Valerie von Zuben. 

 
Nest success rates we observed were similar to success rates in previous studies in different 

jurisdictions (Table 1) (Heath et al. 2009). In our study, predation was the leading cause of nest 

failure. We recorded nest fate as depredated for all nests that were found to be empty at an early-

to-middle stage of incubation.  At nests that were found to be empty at the latest stage of 
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incubation, we confirmed that we could not detect any chicks and recorded fate as unknown. Of 

the nests that failed to hatch a single chick, predation by Great Horned Owl (Bubo virginianus) 

was confirmed on camera at 6 nests in 2014 and 5 nests in 2015 at Emily Creek and Osler Marsh 

(Table 2). Surprisingly, most confirmed predation by owls was at the egg stage (Figures 2 and 3). 

Chick predation was assumed based on owl presence at the nest and subsequent absence of 

chicks during nest monitoring checks. We also found clumps of feathers on two separate 

occasions indicating owl predation of adult terns. The Great Horned Owls at our sites left no 

tracks or feathers at nests and there was very little evidence of broken eggs or nest disturbance. 

The majority of nests deemed depredated simply had missing eggs between weekly checks. 

American Mink (Neovison vison) sign was found at depredated nests at Pigeon Lake and an 

American Crow (Corvus brachyrhynchos) was recorded on camera eating two abandoned eggs. 

Predator identity was not confirmed at any nests at Buckley Lake. Eggs in two different nests 

were crushed by a Wood Duck (Aix sponsa) and a Great Blue Heron (Ardea herodias) crushed a 

third. Other wetland species recorded on camera, which induced alarm responses by terns and 

were thus perceived as a threat, with the potential to damage a nest, include Mallard (Anas 

platyrhynchos), Common Gallinule (Gallinula galeata), Snapping Turtle (Chelydra serpentina) and 

Midland Painted Turtle (Chrysemys picta).  

 
 
 
Table 1: Nest fate and success rate of 330 Black Tern nests in the Kawartha Lakes region, 2013-2015.  
Camera monitoring of nests was not conducted in 2013 and predator identity could not be verified 
that year. 

 Year 

 2013 2014 2015 

No. Nests monitored 91 95 144 

No. Successful 25 43 41 

No. Depredated 36 29 54 

No. Abandoned/infertile 11 2 16 

No. Flooded 3 2 10 

No. Other 0 1 2 

No. Unknown Fate 16 18 21 

Nest Success % 27 45 28 

 
 
Table 2: Details of 11 predation events on Black Tern nests by Great Horned Owls in the Kawartha 
Lakes region, 2014-2015, based on camera recordings. 

Site Year Day Time Egg or 
Chick 

Consumption or 
Presence* 
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Emily Creek 2014 July 16 22:43 Chick Presence 

Emily Creek 2015 July 2 00:28 Egg Consumption 

Osler Marsh 2014 June 21 23:39 Chick Presence 

Osler Marsh 2014 June 21 23:49 Chick Presence 

Osler Marsh 2014 July 10 1:46 Egg Consumption 

Osler Marsh 2014 July 10 2:18 Chick Presence 

Osler Marsh 2014 July 10 4:00 Egg Consumption 

Osler Marsh 2015 June 13 2:25 Egg Presence 

Osler Marsh 2015 June 16 3:45 Egg Consumption 

Osler Marsh 2015 June 24 23:14 Egg Consumption 

Osler Marsh 2015 June 25 23:57 Egg Consumption 
 *”Consumption” confirms predation event; “presence” indicates a probable predation event in which eggs or 
chicks were missing in a subsequent nest check. 
 

 
Figure 2. Great Horned Owl consuming Black Tern egg at Osler Marsh.  Photo: Valerie von Zuben. 
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Figure 3. Great Horned Owl consuming Black Tern egg at Emily Creek. Screen capture of video by 
Valerie von Zuben. 

 
 
 
 
Great Horned Owls are generalist predators with a broad dietary niche (Marti and Kochert 1996). 

Range-wide, their diet is comprised of 90% mammals, 10% birds and trace amounts of 

amphibians, reptiles and invertebrates (Artuso et al. 2014). In North America, the proportion of 

avian prey in the diet of Great Horned Owls ranges from 5 to 65% (Tomazzoni et al. 2004). Owls 

in the prairie pothole region of North Dakota rely heavily (65%) on wetland-dependent avian prey, 

with 2.7% classified as shorebirds (including Black Tern) and the rest comprising mostly ducks 

and rails (Murphy 1997). Great Horned Owls were responsible for 68% of documented mortality 

of Piping Plover (Charadrius melodus) and Least Tern (Sternula antillarum) chicks in South 

Dakota (Kruse et al. 2001), the majority of Gull-billed Tern (Gelochelidon nilotica) predation in 

coastal Virginia (Eyler et al. 1999) and direct and indirect mortality of Common Terns (Sterna 

hirundo) in the Monomoy Refuge of Massachusetts (Nisbet 1975, Nisbet and Welton 1984). 
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Tomazzoni et al. (2004) also emphasized the importance of wetlands to foraging Great Horned 

Owls in Brazil, with the majority of prey items coming from wetland habitat. 

Our study is the first to visually confirm and document consumption of bird eggs by Great Horned 

Owl. To the best of our knowledge, the only literature that alludes to this phenomenon describes 

mostly circumstantial evidence of owl predation on eggs of Least Tern (McMillian 1998) and 

Swallow-tailed Kite (Elanoides forficatus) (Coulson et al. 2008). Nisbet and Welton (1984) 

suggest that direct predation of eggs or nestlings by owls is less important to bird nest success 

than other causes of indirect mortality such as nocturnal nest abandonment as a result of owl 

presence. In their study of Common Terns (Sterna hirundo), Great Horned Owl presence led to 

egg and chick loss from exposure, ant attack, hatch failure, egg breakage and predation by 

additional predators. Heath (2004) found nocturnal nest desertion to be a common occurrence in 

Black Tern colonies in Maine.  

 

Great Horned Owls generally prefer fragmented habitats of open second growth forests, swamps 

and agricultural areas (Artuso et al. 2014), which are abundant in the Kawartha Lakes region and 

much of southern Ontario. Given that Great Horned Owls are distributed continent-wide, this 

predator could pose a large overall threat to Black Tern productivity across their range. Effective 

and ethical solutions remain elusive; Smith et al. (2010) found that predator removal (by culling or 

translocation) can produce significant increases in breeding bird populations but Catlin et al. 

(2011) had mixed success removing owls from areas near Piping Plover nest sites. The ethical 

and practical issues of lethal forms of predator control have to be evaluated in conjunction with 

alternative non-lethal solutions. Predator exclusion using nest cages and fencing are widely used 

and effective management tools but are invasive, expensive, and labour intensive (Smith et al. 

2011). Heath and Servello (2008) found that predator exclosures were readily accepted by adult 

Black Terns, which protected chicks until fledging at 70% of nests. With any predator 

management strategy, it is essential to have evidence-based confirmation of predator identity 

before evaluating options.  It is also important to test the efficacy of the chosen strategy before 

prescribing it widely. The protection of remaining breeding colonies is one of the key priorities for 
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Black Tern population recovery (Matteson et al. 2012) but to do this, the mechanisms driving 

productivity at the local level need to be better identified. We will continue to study predation 

dynamics at our Kawartha Lakes colonies with a focus on developing and evaluating simple, cost- 

effective and minimally invasive techniques to prevent Great Horned Owl predation of eggs and 

chicks. 
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