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Scientific and Cost Effective Monitoring: The Case of an Aerial
| nsectivore, the Chimney Swift

Programme de suivi scientifiquement rigoureux et a faible codt : le cas
d'un insectivore aérien, le Martinet ramoneur

Séhastien Rioux?, Jean-Pierre L. Savard 2, and Francois Shaffer 3

ABSTRACT. The increased pace of species listing worldwide, coupled with the scarcity of conservation
funding, promotethe use of targeted monitoring. Weapplied therecommendationsof Nicholsand Williams
(Trends in Ecology and Evolution 2006 24:668-673) to optimize the Québec Chimney Swift Monitoring
Program, an ongoing volunteer-based monitoring initiativelaunchedin 1998. Past objectivesof the program
were to fill knowledge gaps about occupancy patterns at roosts sites, determine spatial and temporal
distribution of Chimney Swifts(Chaeturapel agica) acrossthe province, locate activenest sites, and monitor
temporal fluctuations of the population. By applying an adaptive management framework, we modified
the current monitoring scheme into a more focused initiative testing newly developed hypotheses about
the state of the system. This new approach yielded significant scientific gains aswell as annual savings of
19.6%. It may prove pertinent to current and future swift monitoring initiativesand to other aerial insectivore
Species.

RESUME. L a cadence accél érée de la désignation d espéces al’ échelle planétaire, couplée alarareté des
fonds affectés a la conservation, requiert la mise sur pied de programmes de suivi ciblés. Nous avons
appliqué lesrecommandations de Nichols et Williams (Trendsin Ecology and Evol ution 2006 24:668-673)
afin d’ optimiser le Suivi du Martinet ramoneur au Québec, un programme reposant sur la contribution
bénévole, instauré en 1998. Initidlement, les objectifs du suivi éaient de combler les lacunes de
connaissances quant al’ occupation des dortoirs, de déterminer larépartition spatio-temporelle du Martinet
ramoneur (Chaetura pelagica) al’ échelle de la province, de localiser les sites actifs de nidification et de
suivre la tendance de la population. En mettant en application un cadre de gestion évolutive, nous avons
modifiéle plan de suivi actuel en uneinitiative plus ciblée, qui permet de tester des hypothéeses récemment
élaborées sur I’ état du systeme. Cette nouvelle approche, qui a mené a des gains scientifiques importants
ainsi qu’ a des économies annuelles de 19,6 %, pourrait s avérer pertinente pour les initiatives actuelles et
futures de suivis du martinet et d’ autres insectivores aériens.
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INTRODUCTION

Obtaining precise and unbiased estimates of
population size remains one of the greatest
challenges of modern day ecology. This stems in
part from the difficulty of sampling scarce,
clumped, or remote populations at relevant
biological scales (Thompson 2004), and from the
imperfect detection of individual sunder most, if not
all sampling contexts (Mackenzie et al. 2006). The
use of adequate sampling techniques and designsis
often constrained by limited monetary resources.
This is especially true in conservation biology
where the increased pace of species listing
(Hutchings and Festa-Bianchet 2009) promotes
focused and efficient monitoring (Nichols and
Williams2006). AccordingtoNicholsand Williams
(2006), a failure to monitor according to
management-oriented hypothesis, sensu surveillance
monitoring, leads to weak inference about species
that areneither abundant nor widespread, inefficient
use of scarce conservation funding, and suboptimal
conservation decisions. They recommend conducting
and developing monitoring programs under an
adaptive management framework and a set of a
priori hypotheses about the state of the system, an
approach they termed “monitoring for active
conservation.” Adaptive management is defined as
a type of sequential decision process designed
especially for useintheface of uncertainty (Nichols
and Williams 2006). Nichols and Williams (2006)
acknowledge that in some situations, biological
understanding is needed before management action
can be undertaken. Under such circumstances, they
recommend applying a “monitoring for science”
approach aimed at making the resulting data as
useful to conservation and science as possible.

Although it is clear that aerial insectivore
populations have declined over the past 30 years
(Hutchings and Festa-Bianchet 2009, Nebel et al.
2010), factors underlying these declines are poorly
understood. Potential causesincludeintensification
of agricultural practices (Ghilain and Bélisle 2008),
effects of endocrine disrupting chemicals (Park et
al. 2009), and climate change (Dionne et al. 2008).

Uncertainty regarding factors that might have
induced the recent decline of aeria insectivores
provides an opportunity to implement the
recommendations of Nichols and Williams (2006).
We believe that this approach could shed light on
the causes pertaining to the present crisis affecting
aerial insectivore populations. We apply Nichols
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and Williams (2006) recommendations to the
Québec Chimney Swift (Chaetura pelagica;
hereafter “ swift”) Monitoring Program and devel op
recommendations for current and future swift
monitoring initiatives. Although some components
of Chimney Swift ecology have yet to be
understood, conservation needs for the species are
well known. For this reason, we simultaneously
applied the recommendations of Nichols and
Williams (2006) pertaining to “monitoring for
active conservation” and for “monitoring for
science”. Our objectives are to: 1) evaluate the
strengths and weaknesses of the Québec Chimney
Swift Monitoring Program, 2) use Nichols and
Williams (2006) recommendations to optimize the
current program and quantify the benefits of doing
so, and 3) examine the possibility of extending this
optimization exercise to other aeria insectivore
monitoring initiatives.

THE PROGRAM IN ITSCURRENT FORM

The Québec Chimney Swift Monitoring Program
was launched in 1998 in response to a lack of
information on the ecology of the Chimney Swift at
the northern limit of itsrange. The objectives of the
program were to fill knowledge gaps about
occupancy patterns at roost sites, spatial and
tempora distribution of the species across the
province, location of active nest sites, and temporal
fluctuations of the population. No a priori
hypotheses about the state of the system were
formally postulated before the onset of monitoring
activities. Following Nichols and Williams (2006),
the program could thus be termed as being focused
on “survelllance monitoring.” Despite its
“survelllance” nature, data gathered during the
course of the program played a significant role
during the eval uation process of the Chimney Swift
by the Committee on the Status of Endangered
Wildlife in Canada (COSEWIC). The Québec
Chimney Swift population showed a relatively
stable popul ation size oscill ating between 1550 and
2050 individuals for the period 2000-2009, except
for an historic low of 754 individualsin 2006 (Fig.
1). This population decline was likely due to
significant mortality experienced during migration
through the pathway of Hurricane Wilma (Dionne
et al. 2008). This vulnerability to hurricanes, along
with other conservation issues, lead to the
attribution of the “threatened” statusfor the species
by the COSEWIC (2007).
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Fig. 1. Number of swifts counted at roost sites in the province of Québec between July 25 and August 3.
Y early numbers were obtained by adding the number of swifts counted at each roost sampled during that
year. Numbers located over circles represent the number of roosts sampled. Data from 2001 to 2004 are
not illustrated because the sample size during those years was low (N < 10) and/or omitted some major
roost sites (i.e., roosts where > 200 swifts had previously been recorded). All sampled sites were located
within the inhabited portion of Québec, i.e., from the Gaspé Peninsulain the east, to Shawville in the
west, and from La Tuque in the north (excluding the Gaspé Peninsula), to Huntingdon in the south,
where the mgjority of roost sites are located. Because counts were conducted during migration and the
vast mgjority of swiftslikely use roost sites during migration, we are confident that our sample sizes are

representative of the Québec swift population.
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The Québec Chimney Swift Monitoring Programis
coordinated by the Canadian Wildlife Service
(CWS) but mainly conducted by experienced or
trained citizens (e.g., Silvertown 2009). Prior to the
onset of theprogram, systemati c searchesweredone
in habitats likely to contain swifts. Neighborhoods
built before 1960 were considered prime habitats
for swifts because these neighborhoods often
contain old masonry chimneys, the most frequent
structure used by swifts to roost. Agricultural and
riparian habitats were considered as second class
swift habitats because barns, cerea silos, and old
trees are seldom used by swifts to roost. For these
reasons, volunteers searched old neighborhoods
first and then expanded their efforts to agricultural
and riparian habitats. This approach maximizesthe
probability of finding roost and nest sites per unit
effort because Chimney Swifts are now mainly
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found in urban areas (Cadman et al. 2007). Upon
discovery, roost and nest sitesweremonitored using
two different protocols.

Monitoring activitiesat roost sitesstarted upon swift
arrival around 22 May, began 30 minutes before
dusk, and ended when light conditions prevented
the visual detection of swifts (Gauthier et al. 2007).
They were performed on an annual basis, at a
frequency of approximately two visits per site per
week from 22 May until no swifts were using the
site, which normally happened in early September
(Gauthier et al. 2007). Breeding sites were sampled
for at least 30 minutes, twice annually or more, at
any time of the day between the end of May and the
middle of August. In both protocols, sites were not
sampled during rainy days or when wind speed was
higher than 20 km/h. Observers were free to invest
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more effort than the minimum effort required per
site and visit. During each monitoring occasion,
volunteers recorded the total number of swifts
entering agiven structureto roost or feed chicksand
meteorological conditions, i.e., temperature, wind
speed, and cloud cover.

Program strengths

From a conservation perspective, the fact that
monitoring activities are conducted by volunteers
at structures critical to swift survival is appealing.
In fact, this procedure enables rapid detection of
threats and ensures that conservation actions are
quickly applied. The monitoring design directly
promotes the protection of the species by involving
the public in conservation activities. By becoming
advocates of swift recovery in their community,
citizens further the socia acceptance and
implementation of conservation measures locally.
Finally, volunteer involvement alows annua
monitoring at a substantial number of sites at low
costs.

Program weaknesses

In its current form, the Québec Chimney Swift
Monitoring Program showsseveral designsand cost
efficiency weaknesses (Table 1). Design weaknesses
bias population estimates and reduce the predictive
power of the data, whereas cost efficiency
weaknesses increase coordination costs and limit
opportunities to diversify volunteer efforts.

STRATIFIED RANDOM SAMPLING: A
SUBOPTIMAL AVENUE TO SWIFT
CONSERVATION

One dternative to the current Québec Chimney
Swift Monitoring Program would be to conduct
monitoring activities at randomly distributed point
counts. One of the cornerstones of Nichols and
Williams (2006) recommendations is that
monitoring should focus on information needed to
make conservation decisions. We believe that
conducting monitoring activities at randomly
selected sites would violate this recommendation
and lead to a suboptimal use of scarce conservation
resources. Infact, thissampling schemewould limit
the possibility of gathering site specificinformation
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on closure and destruction rates of structures
important to swift survival and productivity.
Moreover, asking volunteersto perform censuses at
randomly distributed point countswhen spectacul ar
flocksof swiftsgather next door wouldlikely reduce
volunteer involvement in the program and result in
increased program costs. We thus focused on
optimizing the current monitoring scheme by
reallocating some of the survey effort. This is a
trade-off between conservation and cost effectiveness
benefits, and greater generalization of the results.

IMPROVING THE PROGRAM

The first step in improving the program is to
postul ate clear and measurabl e hypothesesabout the
state of the system and its observable responses
(Nichols and Williams 2006). By stating multiple
hypotheses prior to the beginning of monitoring
activities, weight could afterward be attributed to
each hypothesis according to a model selection
approach (Burnham and Anderson 2002).
Management actions could then focus on system
components that affect swift numbers the most.
Althoughtheexact causesof Chimney Swift decline
are unknown, possible threats include the higher
frequency and intensity of hurricanes, a reduction
in the abundance of flying insects, a decline in the
number of available chimneys for nesting, and the
detrimental effects of forestry practicesthat prevail
on their wintering grounds (COSEWIC 2007).
Hypotheses on the state of the system have been
devel oped accordingtothesepossiblethreats(Table
2).

To quantify efficiently the strength of these
hypotheses, several methodological changes to the
current monitoring framework are needed. Data
collected so far indicate that individual s that gather
at roost sites between the end of June and mid-July
arelikely failed breeders or floaters (Gauthier et al.
2007). This means that monitoring efforts during
thisperiod do not monitor the whole population and
could be reallocated.

Efforts saved by abandoning monitoring activities
between the end of June and mid-July could, for
example, be reallocated to estimate detection rates
of individuals, a parameter that biases population
and trend estimates (MacKenzieet al. 2006, Martin
et a. 2007, Kéry et a. 2009). Because monitoring
iIsconducted only at occupied sites, the predominant
detection bias likely stems from observers being
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Table 1. Weaknesses of the Québec Chimney Swift Monitoring Program and their respective consequences.
The letters in parentheses specify if the weakness is related to adesign (D) or efficiency (E) issue.

Weakness description and nature

Consequence(s)

1) Absence of apriori hypothesis about the state of the Reduces the predictive power of the program.

system (D).

2) Failure to account for detection rate of individuals

L eads to suboptimal use of conservation funds.

Fluctuations of detection rates of individuals generate biasin

(D). population and trend estimates.

3) Unegual monitoring efforts and sample sizes across
years (D).

4) Monitoring activities sometimes take place when
the population is open (D).

5) Nonrandom choice of monitoring sites (D).

6) Monitoring istoo labor intensive (E)

Fluctuations in monitoring efforts and sample sizes generate bias
in population and trend estimates.

Double counting of individuals generates biasin population and
trend estimates.

Limit the predictive power of the program.

Increase coordination costs of the program.

Limit the possibility to diversify volunteer efforts.

overwhelmed by the number of swiftscongregating
at roosts. The maximum swift flux recorded at a
single roost during the program lasted 10 minutes
and reached an intensity of 383 individuals per
minute (CWS, unpublished data). In such situation,
swift numbers could either be over or
underestimated. Except for methods like double
sampling (Bart and Earnst 2002), most methodsthat
adjust counts according to detection rates of
individuals assume that individuals are seldom
falsely detected when absent (Tyre et a. 2003,
MacKenzie et al. 2002).

Doublesampling usesan intensive survey to correct
population estimates obtained from alessintensive
one. It assumesthat countsprovided by theintensive
method are exact (Bart and Earnst 2002, Collins
2007). When theratio of the number of individuals
counted between therapid method and theintensive
method is positive, the corresponding population
estimateislowered proportionally to the number of
extra individuas counted. Apat from its
advantageous use in situations where fal se positive
data are recorded, the inexpensive use of double
sampling in existing programs (Pollock et al. 2002)
isalso appealing. Oneway to apply doublesampling
to the Québec Swift Monitoring Program would be
to correct roost counts with counts conducted
simultaneously with video cameras at a subset of

monitoring sites. Using cameras would likely meet
the most critica criteria of double sampling for
perfect detection at sites where intensive methods
are used (Bart and Earnst 2002).

Adapting the monitoring protocol to account for
unegual annual monitoring efforts and double
counting (weaknessesno. 3and 4, Table 1) isfairly
straightforward. Unequal monitoring efforts stem
from spatial variation of volunteer availability and
interest in the program. Recruiting at least three
volunteers per roost and/or offering per diem
allowancefor travel costs seem appropriate waysto
cope with this problem. Awards and promotional
objects could also be given to enhance volunteer
commitment to the program. Time el apsed between
counts at different roost sites during migration may
lead to double counting of individuals. Swifts can
travel distances of 137 km daily during migration
(Cahoun 1938). Becausethe mean nearest neighbor
distance between roost sitesis 36.6 £ 55.8 km (SD,
n=38), even asingle day lag between counts at two
different roosts could lead to double counting. This
can be avoided by monitoring every roost site on
the same day. At least three visits per roost should
be performed because of the tendency of swifts to
move locally (Clink and Collins 2002) and to use
several roost sitesduring migration (Calhoun 1938).
Accounting for daily variation in swift numbers at
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Table 2. Hypotheses developed for the state of the Chimney Swift (Chaetura pelagica) population in
Québec and the observabl e responses according to each hypothesis.

Hypothesis

Observable response

Management option

1) Swift numbers decline with
the number of hurricanes
recorded in the High Atlantic
region. year x-1.
2) Swift numbers decline with
the number of chimneys
available for nesting.

Significant correlation between the
numbers of swifts recorded in spring in
year x and the number of hurricanesin

Significant correlation between the
numbers of swifts recorded at the end of with the construction of nesting towers.
summer in year x and the number of

None. This part of the program is focused on
monitoring for science.

Stewardship actions with landowners coupled

available chimneysin year x-1.

3) Swift numbers decline with a
reduction in the abundance of
flying insects.

insects through time.

4) Limiting factorsto swift
recovery are encountered during during spring counts.
migration and/or on the

wintering grounds.

Significant correlations between the
numbers of swifts recorded at the end of monitoring for science.
summer and the abundance of flying

Declinein swift numbers through time

None. This part of the program is focused on

The migration aspect cannot be dealt with. On
wintering grounds: stewardship actions with
landowners coupled with the construction of
roosting towers.

roosts could increase the detection of the use of
unknown roosts and yield more accurate popul ation
estimates. Also, it would increase the chances of
obtaining a more realistic estimate.

The nonrandom choice of sampling sites (weakness
no. 5, Table 1) does not allow generalizations of
program findings to any sSites that were not
monitored. Onesol utionwould beto select arandom
subset of all roost sites available in the province.
However, an analysis of sample size determination
(Williams et al. 2002:64) revealsthat if we assume
the presence of atotal of 48 roost sites in Québec,
44 siteswould need to be sampled to get population
estimates within 10% of the true value. The
assumption about the existence of 48 roosts sitesin
Québec isreasonable. Infact, it seemsunlikely that
a significant quantity of roost sites would remain
undiscovered after 12 years of searches. Expanding
the area covered by the program to neighboring
Canadian provinces, i.e, Nova Scotia, New
Brunswick, and Ontario, seems warranted to meet
minimum sample size requirements; swift nesting
is considered probable in Prince Edward Island,
whereas the species is termed as an occasiona
migrant in Newfoundland and Labrador (Gauthier
et a. 2007). This coverage expansion would allow

generalization of the program findings to eastern
Canada.

Monitoring of nest sites is quite labor intensive
(Weakness no. 6, Table 1). Since the beginning of
the program, the number of nest sites monitored
annually varied from 10 in 1998 to 125 in 2006, for
amean number of 63 + 44 (SD) sites followed and
a mean annual effort of 3780 hours (CWS,
unpublished data). Given the new set of hypotheses
(Table 2), the focus could now be to determineif a
chimney that was occupied in the past is ill
available for nesting. To do so, volunteers or CWS
staff members could visit nesting sites known to
have been occupied at least onceinthelast 10 years.
This shift would allow volunteers to visit more
chimneys by unit effort.

Monitoring at roosts is a positive aspect from a
conservation standpoint, but roost closure and
destruction erode sample sizes through time, which
represents a statistical challenge. Until now, roost
closure and destruction combined with varying
volunteer interest and annual variation in the
intensity of roost use throughout the province have
been the main factors affecting sample sizes and
monitoring efforts through time. Over the course of
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the program, 98 roost siteswere discovered. Of this
number, only 38 were still available to swifts as of
January 2010 (CWS, unpublished data). For these
reasons, a strong commitment to protect roost sites
selected for monitoring should be assured before
monitoring activities are to be conducted in the
future.

Given sufficient roost sites protection, a spring and
alate summer monitoring period should be retained
to addressthe new hypotheses (Table 2). In Québec,
maximum roost useisreached between May 25 and
June 5 in spring and between July 25 and August 5
inlate summer (Gauthier et al. 2007). Spring counts
could be used to test whether hurricanes and/or
wintering conditionsaffect Chimney Swift numbers
(hypotheses 1 and 4, Table 2), whereas |ate summer
counts could indicate whether breeding conditions
areresponsible (hypotheses 2 and 3, Table 2). Also,
for the most northerly sites, differences between
spring and late summer roost counts may provide a
measure of reproductive success.

Our approach was to refine the Québec Chimney
Swift Monitoring Program according to the
recommendations of Nichols and Williams (2006)
pertaining to “monitoring for science” and to
“monitoring for active conservation.” Some of the
system responses are hardly manageable, asis the
case for swift declines attributable to an increasein
the number of hurricanes recorded in the High
Atlantic region and to areduction in the abundance
of flying insects (Table 2). With regards to these
hypotheses, we believe that future monitoring
activities should focus on “monitoring for science.”
On the other hand, a decline attributable to a
reduction in the number of chimneys available for
nesting or to factors encountered on the wintering
groundscould bemanaged by stewardship activities
with landowners and/or by the construction of
nesting towers (Table 2). These aspects of the
problem should thusbeinvestigated by “ monitoring
for active conservation.” Recovery targets for the
Chimney Swift have yet to be defined via the
production of arecovery strategy by Environment
Canada. As soon as recovery targets are available,
it would be of prime importance to develop and
implement a sequential decision approach to
efficiently apply adaptive management principles.
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OPTIMIZING THE PROGRAM: A COST-
BENEFIT ANALYSIS

To quantify monetary gains associated with the
methodological changes suggested, we compared
the current cost of the program with costs during its
firstyear of implementation (Table 3). Current costs
were estimated using data from the 2009 budget of
the program. Total costs of roost and nest site
monitoring could be reduced by 21% and 15%,
respectively. These reductions represent a $9690
annual saving. Thehigher productivity by unit effort
associated with monitoring nest site availability
rather than nest site occupancy mainly explainswhy
monetary gains are lower for this program
component. In fact, we estimate that an average of
250 nesting sitescould be monitored annually under
therevised form of the program compared with 120
sitesinits previous form.

BENEFITSTO CURRENT AND FUTURE
SWIFT MONITORING PROGRAMS

At the moment, the most widespread swift
monitoring initiative in North Americais the Swift
Night Out (SNO; http://www.concentric.net/~dwa/
page56.html). Designed by the Drifwood Wildlife
Association, the program started in 2001 and seeks
to monitor Chimney Swift and Vaux’'s Swift
(Chaetura vauxi) populations on a continent-wide
basis over the weekend of August 6-8 and/or
September 10-12. Apart from the desire to increase
public awareness about and encourage interest in
Chimney Swifts and Vaux’s Swifts, no precise
objectives were stated prior to the onset of this
monitoring initiative. The program could thus be
termed as “ surveillance monitoring” (Nichols and
Williams 2006). In addition to the absence of clear
hypotheses and objectives, a caveat of SNO is that
it cannot accurately monitor Chimney Swift
populations at the northern limit of their range. In
fact, data gathered in Québec between 1998 and
2009 show that most swifts are gone when SNO
begins in early August. For the two northernmost
roostswith at least 100 birds, i.e., Grandes-Pilesand
Québec city, counts conducted during thefirst SNO
period in 2009 are negatively biased by 96% and
51%, respectively, when compared with the
maximum number of swifts recorded during fall
migration at these roosts (CWS, unpublished data).
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Table 3. Cost-benefit analysis of the modification of the Québec Chimney Swift Monitoring Program

according to Nichols and Williams (2006) recommendations.

Actual roost site monitoring costs

Actual nest site monitoring costs

Expenditure type Value Cost per unit Total cost ($) Vaue Cost per unit Total cost ($)
Volunteer monitoring 576" $12/hour 6912 240 $12/hour 2880
Volunteer travelling 8640° $0.49/km 4234 3600 $0.49/km 1764
CWS monitoring 420 $31.43/hour® 13,200 25 $29/hour’ 653
CWStravelling 8502 $0.49/km 4166 2398 $0.49/km 1175
CWS monitoring related - - 8580" - 2420
CWS coordination 150 $29/hour 4400 150 $29/hour 4400
TOTAL $41,492 $13,292
Future roost site monitoring costs Future nest site monitoring costs
Volunteer monitoring 456" $12/hour 5472 271" $12/hour 3252
Volunteer travelling 4750 $0.49/km 2328 7500 $0.49/km 3675
CWS monitoring 332% $31.43/hour 10,435 0 0 0
CWStravelling 6717 $0.49/km 3291 0 0 0
CWS monitoring related - - 6778 0 0 0
CWS coordination 150 $29/hour 4400 150 $29/hour 4400
TOTAL $32,704 $11,327
NET GAINS PER YEAR $8788 $1965

T A total of 288 visits to roost sites and 120 visits to nesting sites where made by volunteersin 2009.
Each visit to roost and nesting sites lasted approximately two hours. CWS staff made 72 visits to
roosting sites and 20 visits to nesting sites. Because of travel distance, each visit to roost and nesting
sites performed by CWS lasted more than two hours.
* Mean distance covered by volunteersto get to roosting sites was estimated at 30 km.
8 Mean hourly salary of afield technician and a senior biologist.
I Nest site monitoring was conducted by afield technician.
TMonitoring related costs comprise lodging, meal, and car rental costs.
# Based on the monitoring of 38 roosts three times during spring and again at the end of summer. Visit
length set at two hours.
T Because more sites could be sampled by unit effort and that the number of nest sites availableis
reater than 120, the number of nest sites followed has been set at 250.
* For roost site monitoring, CWS effort and related costs were reduced by 21% since the effort of
volunteers as been lowered accordingly. No monitoring effort of nest sitesis required by CWS under the
new sampling scheme.
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To cope with this important bias, additional
monitoring periods should be established in the
SNO protocol.

Thedesignation of the Chimney Swift asthreatened
by the COSEWIC (2007) will likely result in new
monitoring programs elsewhere in Canada. For
exampl e, the Atlantic region of CWS has conducted
an interview survey with local naturalists to better
depict the spatial distribution of roost sitesin New
Brunswick and Nova Scotia. The report
recommends that additional work be done to: 1)
identify and monitor additional roost sites, 2) obtain
moreaccurate popul ation estimates, and 3) conserve
roosts for this nationally threatened species (K.
Potter, unpublished report). As outline above, we
believethat monitoringinitiativesundertakeninthe
Maritime Provinces and Ontario should be coupled
with the Québec Chimney Swift Monitoring
Program to yield more significant conservation
efforts.

EXTENSION TO OTHER SPECIES OF
AERIAL INSECTIVORES

Several aspects of the life cycle of the Chimney
Swift make the species somewhat unique. For
exampl e, the use of man-made structuresto nest and
roost in highly populated centers makes the species
an easy target for monitoring activities, whichisnot
necessarily the casefor other aerial insectivoreslike
the Olive-sided flycatcher (Contopus cooperi),
which mainly occursinremoteand/or hard to access
locations (COSEWIC 2008). Despite strong
differences among aerial insectivore ecology, we
believe that future monitoring initiatives would
benefit by following Nichols and Williams (2006)
recommendations. More precisely, we stress that
more efforts should be devoted to stating clear and
measurable a priori hypotheses about the state of
the system beforethe onset of monitoring programs.
The adaptive management approach outlined inthis
paper demonstrates that such an implementation
framework can yield significant conservation and
monetary benefits. In a context of limited funding,
optimal efficiency should become a common
standard among wildlife agencies. However, we
recognize that altering the methods of ongoing
monitoring programsisadifficult processin which
thefirst steptowardimprovement isto acknowledge
that our way of doing things might not be perfect.
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