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Abstract Aerially-foraging insectivorous bird popula-

tions have been declining for several decades in North

America and habitat loss is hypothesized as a leading cause

for the declines. Chimney Swifts (Chaetura pelagica) are a

model species to test this hypothesis because nest site use

and availability is easily assessed. To determine if nest site

availability is a limiting factor for Chimney Swifts, we

established a volunteer-based survey to inventory and

describe chimneys (n = 928) that were used or unused by

swifts. A logistic regression model showed that swifts

preferred chimneys with a greater length exposed above the

roofline and greater inside area, which were not associated

with residential buildings. The average chimney used by

swifts extended 2.86 m above the roofline with an internal

area of 10,079 cm2. The regression model represents the

range of nest-site conditions that swifts will tolerate; this

was used to build a linear discriminant function (ldf) that

had an I-index of 82 % (measure of prediction success).

We applied the ldf coefficients to predict chimney occu-

pancy in three southern Ontario communities. Of 366 open

chimneys, the ldf classified 139 as suitable but only 24.4 %

were occupied by swifts. Given that[75 % of suitable sites

were unoccupied, swifts are likely not experiencing com-

petition from habitat saturation. Our results suggest that

Chimney Swift populations, and likely other aerially-for-

aging insectivorous birds, are limited primarily by other

processes not measured in this study, such as changes in

prey.
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Introduction

Populations of aerially-foraging insectivorous birds (here-

after ‘‘aerial insectivores’’) have declined substantially in

recent decades (Böhning-Gaese et al. 1993; Nebel et al.

2010), which have been attributed to reduced prey popu-

lations and loss of available habitat (Evans et al. 2007;

Grüebler et al. 2010). It is difficult to disentangle the

respective roles of these stressors, in part because it can be

challenging to estimate nest site availability (Gibbons et al.

1995; Cornelius et al. 2008). The Chimney Swift (Chaetura

pelagica) is well-suited for such an investigation because

nest site availability can be assessed easily and the species

is easily detected and monitored.

Among aerial insectivores, Chimney Swifts (hereafter

‘‘swifts’’) have shown especially precipitous population

declines (Nebel et al. 2010; Rioux et al. 2010) and loss of

nesting sites has been considered by some to be the primary

limiting factor (Cink and Collins 2002; Kyle and Kyle

2005; COSEWIC 2007). The porous masonry chimneys,

with which swifts are commonly associated, are no longer

the predominant structures for heating exhaust in non-res-

idential buildings; most are now made of metal or high-

density concrete. Further, existing chimneys are
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increasingly undergoing closure to prevent entry by ani-

mals (e.g., chimney caps) or increase safety (e.g., metal

flue liners) which discourages use by swifts. The lack of

suitable new chimneys and the closure of existing chim-

neys are reducing nest site availability for swifts across

their range, but whether this reduction is yet limiting their

populations has remained purely speculative.

Swifts require large vertical cavities for nesting and

roosting, and the interior of those cavities must allow for

swifts to cling to porous but stable surfaces. Typically, one

nesting pair of swifts occupies a structure throughout the

breeding season, while roosting (especially during migra-

tion) is done communally. Occasionally, a nesting pair may

attempt to nest in a roosting site. Prior to the late 17th

century, swifts were mostly found nesting and roosting in

large, hollow trees, but quickly became associated with

nesting in stone chimneys as mature forests in North

America were cleared (Graves 2004). Today, swift nests

are found almost solely in chimneys while nests in natural

cavities are noteworthy observations (e.g., Blodgett and

Zammuto 1979; Graves 2004).

To investigate the role of nest site availability in limiting

swift populations, we initiated a large-scale volunteer

program (Ontario SwiftWatch) to monitor nest-site use

across southern Ontario, Canada, where the species is listed

as Threatened at both the provincial and federal levels. By

engaging volunteers, we were able to cover a large geo-

graphic area, which would not otherwise have been pos-

sible. Urban residents were engaged at two levels: (1)

surveillance monitoring to locate and count numbers of

Chimney Swifts at chimneys; and (2) directed research to

evaluate nest site availability as a potential cause of

decline. Volunteers monitored and evaluated chimneys to

identify which chimneys were occupied and unoccupied by

nesting swifts. We estimated nest site availability in three

different communities, all with known levels of chimney

closure, and compared that to occupancy patterns in those

communities.

The pattern of population decline across most species of

North American aerial insectivores, in which insectivory is

a universally shared trait, strongly suggests that changes to

foraging ecology play a role. Despite this, and that aerial

insectivores occupy a wide range of habitats (from cities to

forests), a less parsimonious suggestion is often made that

loss of habitat is responsible for population declines on a

species-by-species basis. Habitat loss may play a role in

some areas, for instance swifts are known to use artificial

nesting towers in the southern United States but unilater-

ally avoid them in Canada (Finity and Nocera 2012); thus,

our analytical approach tests the prediction that nest site

availability for swifts will exceed nest site use by swifts,

and is thus not a population limiting factor, in southern

Ontario.

Methods

Chimney inventories and surveys

We used data from the Citizen Science program Ontario

SwiftWatch to examine nest and roost chimney character-

istics that are important to swifts in urban areas. Volunteers

inventoried chimneys in 36 communities, from 2009 to

2011, throughout southern Ontario, Canada. In a few of the

communities, volunteer effort was supplemented with

surveys by Bird Studies Canada staff to fill in some data

gaps. Chimneys included in this study were located in one

of three ways: (1) in larger urban centres, we used an

adaptive searching approach to increase precision (Salehi

and Brown 2010) and focused on areas known to have had,

or likely to have, chimneys in active use by swifts. At these

sites we measured the physical characteristics of all open

chimneys in the vicinity of the focal chimney (which varied

among communities based on accessibility and road lay-

out). By pre-selecting areas with known or likely occupied

chimneys we avoided biasing samples with inactive

chimneys (Salehi and Brown 2010). (2) In smaller com-

munities, a complete inventory of all open chimneys within

the community was conducted. (3) In the remaining com-

munities, open chimneys were located on a casual basis

and chimney characteristics were recorded.

For each chimney detected, observers noted whether the

chimney was accessible to swifts and recorded the fol-

lowing characteristics for all such open chimneys: shape

(round, square, or rectangular), length and width or diam-

eter, height exposed above the roofline, total height,

number of open flues, type of building to which it was

attached (residential or non-residential), number of stories,

and construction material. We also classified the sur-

rounding habitat following urban zoning descriptions: low-

density housing (single detached houses), medium-density

housing (townhouses), high-density housing (apartment

buildings), industrial, regional facility (schools, arenas, and

town buildings), open, downtown, and commercial.

Observers confirmed whether a chimney was active or

inactive through standardized presence/absence surveys at

open chimneys conducted during the spring migration

(14–26 May), nesting (9–25 June), post-breeding roosting

(7–23 July), and fall migration (4–18 August) periods. One

or more observers were responsible for monitoring a set of

chimneys throughout the study period. Starting approxi-

mately 30 min before sunset, observers would traverse a

survey area noting swift activity (e.g., individuals circling

or diving toward a chimney). Once activity was detected,

observers would watch a chimney until entry was con-

firmed or until it was too dark to observe swifts (approxi-

mately 20 min after sunset). Chimneys were visited at least

twice weekly during each observational period; once an
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active status was confirmed (i.e., swift seen entering

chimney) the chimney was not revisited again in that per-

iod. For a subset of active chimneys, we inspected the

interior of the chimney for evidence to confirm nesting and

counted the number of birds entering a chimney to identify

substantial communal roosts (C25 swifts observed entering

in one evening).

Statistical analyses

We first eliminated one variable from any pair of variables

that showed a strong correlation (i.e., we accounted for

multicollinearity; Graham 2003), which reduced the can-

didate predictive variable set and eliminated the need to

provide for interactions in models.

Using data from 559 chimneys (199 occupied, 360

unoccupied), we then built logistic regression models to

assess whether presence or absence of nesting swifts in a

chimney, at any point in the survey period, varied as a

function of seven fixed variables: building type, zoning

class, chimney material, number of open flues, chimney

shape, chimney area, and height above roofline. We created

a final best-fit model by sequentially removing variables

with non-significant (z test; P [ 0.05) parameter estimates,

or those not contributing to a reduction in the overall

deviance (v2 test, P [ 0.05). These models were built with

data from those communities that monitored only active

chimneys and a randomly-chosen 50 % of observations

(n = 367) from all communities that monitored both active

and inactive chimneys (Barrie, Cambridge, Pembroke, and

Stratford). We withheld 50 % of the data (n = 366) from

communities that performed complete chimney inventories

for testing purposes (see below).

To test how use of a chimney by swifts was related to

chimney availability, we used the final best-fit model to

develop a linear discriminant function (Ripley 1996) with

the data used in the logistic regression as the ‘‘training set’’.

The discriminant function calculates the relative weights

(coefficients) of each habitat variable and can be used to

predict and classify whether a chimney should be active or

inactive. We applied the discriminant function to the inde-

pendent data (the ‘‘test set’’) that were randomly chosen and

withheld from the above logistic regression analysis.

All statistical analyses were conducted using R version

2.13.2 (R Development Core Team 2011), using the MASS

package (version 7.3–17) for the linear discriminant ana-

lysis. We set a = 0.05 for all tests.

Results

We first reduced the candidate predictive variable set by

eliminating one variable from any pair of variables that

showed a strong correlation. Total chimney length and the

length of chimney exposed above the roofline were corre-

lated (r = 0.64). Therefore, we opted to eliminate chimney

length as we felt it was adequately captured by height

above roofline and the latter variable has a more direct

management application as it is easier to manipulate when

chimneys are decommissioned or maintenance is required.

The number of stories and the type of building were also

correlated (r = 0.78) and we retained the building type as

the more meaningful variable in that it corresponded to

zoning descriptions and urban planning.

The best-fit model for chimney occupancy patterns

retained variables of chimney length exposed above roof-

line (z = 2.95, P = 0.003), chimney area (z = 4.32,

P = 0.00002), and whether a building was categorized as

residential (z = -8.40, P B 2-16); none of the 95 %

confidence intervals for the three variables in this model

included 0. Chimney Swifts more often occupied larger and

longer chimneys (Figs. 1, 2); the average chimney used by

swifts extended 2.86 m above the roofline and had an

internal area of 10,079 cm2, whereas the average chimney

Fig. 1 The length of chimney exposed above a building’s roofline in

relation to whether the chimney was occupied by Chimney Swifts.

Boxes represent quartiles and mean, and the circles represent the 5th

and 95th percentiles
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not used by swifts extended 1.4 m above the roofline and

had an internal area of 3,346 cm2. Seventy-three percent of

non-residential chimneys were occupied, whereas only

14 % of residential chimneys were occupied.

The linear discriminant function (ldf) of the training

data set established prior probabilities of a chimney being

vacant as 0.62 and being occupied as 0.38. The ldf coef-

ficients were -1.89 for whether a building was residential,

0.00004 for chimney area, and 0.14 for the height exposed

above roofline. The model with these coefficients correctly

back-predicted occupancy in the training set (i.e., had an

I-index of) 82 % of the time. We applied the ldf coeffi-

cients to the test set to predict occupancy among 366 open

chimneys. The ldf classified 139 of them as suitable but

only 34 of those chimneys were occupied.

Because 18 roost chimneys were included in the training

set, we rebuilt the logistic regression models and ldf with

these data removed to determine the influence these

chimneys may have had on the relationships we detected.

We found that there was no influence of roost chimneys on

the relationships we detected, as the I-index for the ldf with

and without roost chimneys removed did not differ. Fur-

ther, the parameter estimates of the logistic regression

model changed only by a magnitude of 0.017–0.096 and

the 95 % confidence intervals for the three variables still

did not bound 0.

Discussion

For this study, we used data collected by Citizen Scientists

participating in Ontario SwiftWatch to help disentangle

causes of decline for the Chimney Swift in southern

Ontario. While traditionally, Citizen Science projects have

focused on collecting long-term, broad-scale surveillance

monitoring data (e.g., Breeding Bird Survey, Christmas

Bird Count), hypothesis-driven Citizen Science projects are

becoming more common (Dickinson et al. 2010, 2012).

While one of the goals of Ontario SwiftWatch is to locate

and monitor nest and roost sites, we added hypothesis-

based components to the core program. This approach not

only allowed us to address an important conservation

question (are nest sites limiting?) in a cost-effective man-

ner but also to raise awareness of urban biodiversity and

foster a local stewardship ethic.

If chimney availability were a limiting factor for

breeding swifts in Ontario, then we would expect to find a

high occupancy rate in suitable nesting chimneys. We

found no support for this hypothesis; only 24.5 % of

seemingly suitable and available chimneys were occupied

in three communities with complete chimney occupancy

surveys. It is unlikely that swifts were avoiding some

unmeasured feature in the remaining 75.5 % of suitable

and available chimneys which were unoccupied. Factors

we did not measure, such as internal temperature or air

flow, surely varied among study chimneys; nonetheless,

this variation is unlikely to be the salient feature of non-

occupancy as these chimneys were all deemed ‘‘suitable’’

and thus were structurally similar to occupied chimneys

(and therefore largely within favorable thermoregulatory

limits for swifts).

The most parsimonious explanation for the lack of hab-

itat saturation is that some other environmental factor that

we did not measure is more strongly limiting swift popu-

lations, such as prey availability. For example, Nocera et al.

(2012) recently showed that historical declines in swift

populations in Ontario are correlated to changes in insect

abundance; our study indirectly supports this hypothesis by

eliminating habitat limitation as a potential primary driver

of swift population declines in the same region. Our results

also add strength to the assertion that artificial nesting

towers (designed by Kyle and Kyle 2005) remain unoccu-

pied in Ontario because habitat may not be in short supply

(Finity and Nocera 2012). Further to this, there seem to be

architectural challenges related to temperature in artificial

towers in Ontario that may render them unsuitable (Finity

and Nocera 2012; D. Badzinski, unpublished data).

Fig. 2 The inside area of chimneys in relation to whether the

chimney was occupied by Chimney Swifts. Boxes represent quartiles

and mean, and the circles represent the 5th and 95th percentiles
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Swifts tended to occupy chimneys in non-residential

buildings, a finding consistent with the patterns observed

by Wheeler (2013). Swifts also tended to occupy chimneys

that were larger and longer (Figs. 1, 2), which may be a

result of numerous factors that we did not measure such as

favorable thermoregulatory properties, light levels, greater

protection from predators, or ease of finding the habitat.

The relationship between occupancy rates and the length of

the chimney above the roofline suggests that thermoregu-

lation may be particularly important, especially given that

most swift nests are found in the upper 3 m of a chimney

(Kyle and Kyle 2005).

Unlike chimney area, which could only be altered by

rebuilding, the length of chimney that is exposed above a

roofline is a more tractable management variable, for

instance it can be altered as needed. When chimneys are

decommissioned, a common strategy is either to remove

the chimney entirely or shorten the portion above the

roofline; landowners regularly ask how much they can

shorten a chimney if swifts are known to use it (Nocera,

unpublished data; Pickett, personal communication). Our

results suggest that the exposed portion of a chimney above

a roofline should not be shortened.

Our results contrast with the contention that chimney

closure rates are the primary threat to swift populations

(Cink and Collins 2002; Kyle and Kyle 2005; COSEWIC

2007). We suggest that swift populations, at least in our

study area, are currently more limited by other factors we

did not measure such as prey availability, which represents

a much more daunting management challenge. Further,

given the lack of occupancy by swifts in artificial structures

(Finity and Nocera 2012), we contend that the effort and

expense of construction of artificial towers in southern

Ontario may be better directed elsewhere until a better

design is achieved that ameliorates any thermoregulatory

problems that may exist.

However, it is important to recognize that there is a finite

supply of suitable nesting chimneys for swifts, and that

although swift populations may not currently be limited by

chimney availability in Ontario, they inevitably will be if

habitat loss continues unabated. Because our study was lim-

ited to Ontario, we cannot assume that the patterns we

observed apply across the species’ range. Our study has

illustrated a lack of habitat saturation only at the species’

northern range edge, which is where population declines

might be expected to be most visible (Lawton 1993). None-

theless, conservation of suitable chimneys (which we found to

be larger, longer, and attached to non-residential buildings)

will become an increasingly important activity regardless of

location as chimney closure rates increase in the future.
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