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HOW TO READ THIS REPORT
The following report represents research conducted under grants from the United States
Fish and Wildlife Service (“Detailed study of Cape Sable seaside sparrow nest success
and causes of nest failure”) and the Critical Ecosystems Science Initiative (CESI) of
Everglades National Park (“Recovering small populations of the Cape Sable seaside
sparrow”). The original funding for this research came from the USFWS, with funding
from CESI serving to expand our efforts into new areas and augment the questions we
could address. Thus the temporal and spatial scope of this report spans four years, and
allows us to substantially add to our knowledge of the dynamics of small sparrow
subpopulations.
Section One is a detailed account of the number, distribution, and breeding success of
sparrows located within low-density small subpopulations A and C in 2009. To a limited
extent, we also provide information on sparrows that were located in subpopulation D in
2009. We compared this information to the dynamics of sparrows living in the relatively
densely populated subpopulation E, and to a limited amount of data collected in the large
subpopulation B during the 2009 breeding season. This comparison is extremely helpful
as it highlights dynamics that can be attributed to seasonal variation versus the dynamics
that are typical of sparrows living in very low-density situations.
Our major findings during 2009 were that: (1) very few sparrows continue to
breed in the smaller subpopulations C and D, (2) overall nest success in all
subpopulations was down considerably this year, (3) overall demographic rates were
lower in small subpopulations as compared to large subpopulations, (4) juvenile return
rates were very low in both small and large subpopulations, and (5) there continues to be
an excess number of single males in the smallest subpopulations (C and D). On a
positive note, the discovery of breeding pairs in subpopulation D, and 19 breeding pairs
in subpopulation A, are promising. In addition, there are comparatively few unmated
males in subpopulation A as compared to other small subpopulations (C and D), and
subpopulation A is experiencing clutch sizes, adult return rates, and proportion of early to
late nests that are comparable to large subpopulations E and B. These results suggest that
subpopulation A consists of breeding adults that are site fidelic, and that their breeding
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productivity is within the range seen with larger subpopulations, with a few exceptions.
Based on this evidence, we conclude that subpopulation A remains extant and functional.
Finally, our MARK analysis of nest success showed that the use of iButtons in sparrow
nests does not have a negative effect on nest survival and instead provides a clear
beneficial alternative to more active nest monitoring.
Section Two is an overview of our efforts to test the utility of conspecific attraction to
manage the distribution of Cape Sable seaside sparrows. Our working hypothesis was
that juvenile and adult sparrows prospect for suitable nesting sites either at the end or
beginning of a breeding season, and use the presence of other sparrows as a partial guide
in assessing quality habitat. This behavioral mechanism for breeding habitat selection
appears to be more widespread amongst birds (and other animals) than previously
suspected, and it is consistent with some of the sparrows’ behavior we have seen over the
past years. If sparrows do use conspecifics to make breeding site decisions, we can
manipulate their distribution across the landscape by mimicking social cues. We were
using sparrow vocalizations as a cue, and playing them via a speaker system in areas
were we wanted to attract sparrows to settle for breeding. This year is the first in which
we deployed the equipment to play these social cues, and accordingly, our results are
preliminary but promising. We can also finally report success in overcoming substantial
logistical issues in designing a field broadcast system that can withstand the harsh
environment of the Everglades. Finally, we preview the adjustments we will make for
the 2010 breeding season in terms of broadcast system location and response variables
measured.
Section Three is a manuscript on the experimental use of predator exclosures around
Cape Sable seaside sparrow nests to increase productivity. This experiment was
conducted in the 2008 breeding season, and we provided our results in the 2008 annual
report. Since then we have edited this section for publication and it is now ‘in review’ at
the Florida Field Naturalist. This publication version is provided here for reference, but
we expect that it will continue to go through revisions according to the reviews we
receive.
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Section Four is the official reprint of our analysis of Cape Sable seaside sparrow survival
published in the Journal of Wildlife Management, which utilized all banding information
from 1994 onward. This reprint represents work conducted under this and several prior
contracts from CESI and USFWS to JLL, and also to Dr. Stuart Pimm. A version of this
manuscript appeared in previous reports, however, this reprint supercedes all previous
versions and it appears here as it does in print.
There are a lot of people to thank for their help in completing this report. We owe a
special debt to the many field technicians that have collected this data over the years.
There are too many to mention them all by name, however, we especially recognize
Tabby Fenn and Robin Hirsch-Jacobson for their efforts to collate and archive our data.
We also recognize Orion Weldon and Megan Jones for their help in getting West Camp
up and running this year. We thank Everglades Air Safety, Fire Cache and Dispatch for
their willingness to help us build and stock our camps and ensure our safety every time
we go into the field. There are folks in nearly every department at Everglades National
Park that have lent us a hand at some point or provided safe haven when life got too
hectic. We thank them all and promise to buy them each a beer. We thank Bob and
David Lockwood for contributing their time and money to help us build and maintain the
camps, and for ensuring that we always kept up a healthy sense of humor. We very much
appreciate the expertise of Casey Kittel in designing our conspecific playback system.
Our mentors within the sponsor agencies, Sonny Bass and Tylan Dean, have been
extraordinarily helpful and encouraging. We thank Phillip Cassey, Chris Elphick, and
Doug Armstrong for statistical advice on the various parts of this report. Finally we
thank the administrative staff at Rutgers University and the Grant F. Walton Center for
Remote Sensing and Spatial Analysis for their expert guidance through the red-tape,
especially Kathy Peirano and Pricilla Walsh.
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1.0

SMALL SUBPOPULATION DEMOGRAPHY

1.1

Overview

The endangered Cape Sable seaside sparrow (Ammodramus maritimus mirabilis) is
restricted to the short-hydroperiod marl prairies of the southern Everglades. The fate of
these prairies, and the sparrow, is intimately tied to the seasonal timing and spatial extent
of water flows through the Everglades. Sparrows currently occupy six subpopulations
(A-F). We consider subpopulations E and B as core habitat, holding most of the
sparrows whereas subpopulations A, C, D, and F hold relatively few birds. While water
management efforts appear to have resulted in overall stable sparrow occupancy since
1996, the sparrow shows little sign of recovering to its pre-1990 occupancy levels
(Cassey et al. 2007).

The subpopulations
Subpopulation A; currently holds relatively few sparrows. At one time considered part of
the ‘core’ habitat for the sparrow (along with subpopulation B), subpopulation A
experienced a very noticeable, and consequently controversial, decline between 1992 and
1995 (Curnutt et al. 1998). Persistent unnatural flooding during consecutive breeding
seasons caused this subpopulation to decline substantially in occupancy and numbers,
leading to legal actions requiring a change in water management so that less water was
6

delivered into subpopulation A during the peak of the sparrow’s breeding season (Pimm
et al. 2002). While these management efforts appear to have resulted in stable sparrow
occupancy since 1996, the sparrow shows little sign of recovering to pre-1990 occupancy
levels (Cassey et al. 2007). The 2009 breeding season marks the first full year of
intensive nest searching in subpopulation A since 2000. The banding of adult and
juvenile sparrows has continued non-stop since 1994 mostly through the work of Dr.
Stuart Pimm. We continued this effort this year, resighting any previously banded
individuals in the area and banding all individuals that had not been marked previously.
Subpopulation B; currently holds the largest number of sparrows. Subpopulation
B is considered part of the core habitat for the sparrow along with subpopulation E. In
recent years unnatural flooding and incendiary fires have less affected this large
subpopulation than the other subpopulations, which is a contributing factor towards
making this subpopulation a stronghold for the Cape Sable seaside sparrow (Curnutt et al.
1998).
Subpopulation C; holds relatively few sparrows even though it is the only
subpopulation to have shown any signs of recent recovery (Cassey et al. 2007). Habitat
within this area has suffered in the past from both irregular seasonal water inundation and
frequent fires (Pimm et al. 2002). This complex problem arose due to the construction of
the S-332 pumping station at the boundary of Everglades National Park (ENP) and
Taylor Slough in 1980. Vegetation communities below the structure rapidly changed into
long hydroperiod marshes (Armentano et al. 2006), while areas to the north were overdrained, which led to increased risk of fire. Modification to the C-111 canal intends to
improve hydrologic conditions in Taylor Slough and the eastern rocky glades in ENP and
increase freshwater flows to northeast Florida Bay. How this will affect sparrow habitat
in subpopulation C is currently unknown.
Subpopulation D; experienced a continual decline since its 1981 estimate of 400
sparrows. With one breeding pair in 2007 and none in 2008, it remains unclear if this
subpopulation is self-sustaining (Lockwood et al. 2007). Habitat in this area appears to
have suffered from high water levels since 2000. Consequently, sawgrass dominates the
area with only small drier patches of muhly grass. The C-111 canal basin essentially
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encloses this area, which results in altered hydrologic conditions and causes extended
hydroperiods during wet periods. Restoration models predict the first phase of the C-111
spreader canal (currently taking place) will create a mound of ground water in
subpopulation D critical sparrow habitat, further increasing hydroperiods and water
depths.
Subpopulation E; holds the second largest number of sparrows among all
subpopulations and is considered part of the core habitat for the sparrow. Subpopulation
E appears to be less affected by irregular water flows and incendiary fires than the
smaller subpopulations. However, subpopulation E may be more susceptible to the
influence of these conditions than the larger subpopulation B. For example, a large
human-ignited fire that began in the eastern boundary of ENP burned through this
subpopulation in May 2001 causing major destruction of sparrow habitat (La Puma et al.
2007). Since this time, our research in our long-term study plot there has shown that the
subpopulation has rebounded.
Subpopulation F; is the most easterly sparrow subpopulation situated at the ENP
boundary and close to agricultural and residential development. Over-drainage and
reduced water flow result from this close proximity to human development. Drier
conditions and proximity to development have allowed exotic tree invasion and frequent
human-induced fires (Lockwood et al. 2003). One such fire (the Mustang Corner fire)
occurred during 2008 burning 16,000 ha, including most of subpopulation F habitat,
before it was fully contained. There were no breeding sparrows detected in 2007 and
2008 prior to the Mustang Corner fire, and no sparrows were detected by the range-wide
sparrow survey in 2009 indicating that the habitat in this area likely remains unsuitable
due to the fire. Ultimately, this area requires increased water flows to alleviate droughtlike conditions thus reducing the risk of similar large fires.
In this Section we aim to document sparrow density, reproductive success and
dispersal in small subpopulations A, C and D in 2009. We compare this information to
similar data we simultaneously collected within the large nearby subpopulation E. We
also compare these data to a small amount of data collected within subpopulation B,
which was opportunistically monitored late in the breeding season as a result of a shift in
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our research efforts this year (described in greater detail below). The comparison
between small and large subpopulation demographic rates can tell us if the smaller
subpopulations are capable of recovering to their former numbers, and if not, what factors
might be limiting their fecundity and survivorship.

1.2
(1)

Objectives
Assess annual nest success rates, fecundity and mating status of sparrows found
breeding in small sparrow subpopulations A, C and D, and compare this
information with similar data collected within large sparrow subpopulations B
and E.

(2)

Document the extent of dispersal of adult and juvenile sparrows between
subpopulations.

(3)

Provide management recommendations related to recovery of small sparrow
subpopulations based on demographic information collected within the above
objectives.

1.3

Methods

1.3.1

Banding & Nest Monitoring

We used the range-wide survey results from 2008 and 2009 to locate sparrows within
subpopulations A, C and D in 2009. We then focused on the individual sparrows located
in these areas and attempted to (1) catch and color-band all adult and fledgling sparrows,
(2) find and monitor all active sparrow nests, (3) define breeding territories of sparrows
using GIS, and (4) log the geographic positions of all color-banded sparrows observed.
Using this information, we estimated (1) territory size and shape, (2) nest survival rates
and other information related to nest failure, (3) mating status of banded individuals, (4)
site fidelity (i.e. annual locations of breeding territories), and (5) dispersal.
Unfortunately, due to extremely low return rates we cannot calculate annual adult
survival rates for the small subpopulations. However, Boulton et al. (2009) analyzed
sparrow survival, and a reprint of this article is included in this report in Section 4.
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While conducting research within the small subpopulations we also collected the
same information in the larger subpopulation E, thus similar information was available
for sparrows breeding in a high-density situation. This effort allowed a comparison of
nest survival, territory size, mating status, site fidelity, and dispersal between small and
large subpopulations. It also allowed us to ascertain the status of subpopulation E
independent of the range-wide survey results.
We also conducted some research in the large subpopulation B during 2009.
Although this was not anticipated at the onset of the field season, we decided to shift our
focus from subpopulation E to B during the first week of June due to a storm event that
destroyed our remote field camp in subpopulation E (Fig. 1). We continued to monitor
subpopulation E (at a lesser intensity); however, we decided to split our time to include
monitoring in subpopulation B since this area could be reached more easily. This
decision also allowed us to look more closely at nest success in this core subpopulation
(B) than had been done in recent years. Thus, we were able to collect similar data from
both of the large subpopulations during 2009 (albeit with less data collected in B)
providing a stronger comparison between large and small subpopulations.

(b)

(a)

Figure 1. Photos of remote field camp (East Camp) in subpopulation E (a) before and
(b) after being destroyed in a severe storm event that occurred during the first week of
June 2009.
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1.3.2

Thermochrom iButtons

For accurate and unbiased estimates of nest survival using modern modeling approaches,
researchers are required to monitor nests every two to three days (Mayfield 1961,
Dinsmore et al. 2002). In the past, this is how regularly we monitored Cape Sable
seaside sparrow nests. Such frequent visits are not logistically or time efficient, with
some of the subpopulations requiring helicopter access or lengthy walks from road access
points for nest monitoring.
Given these issues, during the 2008 breeding season we successfully trialed the
use of iButtons (Thermochrom iButton, Maxim Integrated Product Inc., Sunnyvale, CA)
in sparrow nests as an inexpensive way of monitoring nest activity remotely that allowed
us to monitor nests less frequently. iButtons are small computer chips enclosed in a thick
stainless steel can that records time-stamped temperature readings at preprogrammed
intervals (up to 2048 temperature values taken at equidistant intervals ranging from 1 to
255 minutes can be stored). Although iButtons were not specifically designed for use in
ornithological research, their potential wide application in the field has been quickly
realized and they are currently being implemented in many research projects including in
other saltmarsh sparrow nest monitoring projects (Hartman and Oring 2006, MacDonald
and Bolton 2008). The use of iButtons proved to be a very effective and safe way of
monitoring Cape Sable seaside sparrow nests. Although short-term incubation rhythms
could not be obtained for sparrows as was originally hoped, this simple and inexpensive
method added valuable information about fledging age and timing of nest failure
(Boulton et al. 2009).
In 2009, we followed procedures established in 2008 and randomly installed
iButtons in approximately one-half of the sparrow nests that we monitored. We installed
iButtons (Thermochrom model DS1921G) set to record temperatures at 15-minute
intervals in sparrow nests opportunistically at varying stages of the nesting cycle. Since
iButtons are metallic silver, we colored them black using a Sharpie pen before placing
them in nests. We placed them underneath eggs or nestlings, covering them with nesting
material to further conceal them from both sparrows and predators. We simultaneously
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deployed a control iButton in an inactive sparrow nest within the same study plot to
record ambient temperature every 15 minutes for comparison.
Our trials in 2008 showed that sparrows accepted iButtons in their nests without
adverse behavioral effects. Although other researchers have shown that iButtons have no
effect on daily nest survival rates (Hartman and Oring 2006), it is important to know if
this holds true for Cape Sable seaside sparrows. Thus, we analyzed the effect of iButton
use in Cape Sable seaside sparrow nests by including the presence or absence of an
iButton as a covariate in our nest success models (see Results). We included data
obtained from iButtons placed in sparrow nests during the 2008 and 2009 breeding
seasons in our analysis.
1.3.3

Nest Survival Analysis

In previous reports we have presented nest survival data calculated using Mayfield’s
method (Mayfield 1961, Mayfield 1975); however, in more recent years we have also
presented nest survival data calculated using the nest survival module in Program MARK
(Dinsmore et al. 2002, Schummer and Eddleman 2003). Since our data is now formatted
to efficiently run comparative analyses between years in Program MARK, which is a
more robust method, we calculated nest survival here using this method only. This report
includes a summary of nest survival in all subpopulations monitored (A, B, C, D and E)
during 2008 and 2009. Subpopulation F had no nests in 2008 or 2009.
The intensity our research effort across subpopulations was not consistent across
2008 and 2009 due to logistical constraints. For example, subpopulation E was
monitored intensely during April and May of both years, but we were forced to reduce
the intensity of our nest monitoring during June 2009 as a result of the destruction of our
remote field camp (see above) whereas in 2008 the site was monitored well into July.
Further, we were able to collect nest data in subpopulation B during 2009; however, these
data were collected for only a fraction of the breeding season. We also monitored nests
within subpopulation B during 2008 as a by-product of our efforts to test the
effectiveness of nest exclosures; however, again these data were sparser than data
collected in the more intensely monitored subpopulations (E, C and D). Finally, we
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began more intense monitoring of subpopulation A during 2009 resulting in a greater
amount of nest data for this year. The variation in intensity of research effort between
years and subpopulations does not adversely affect the nest survival rates derived in
Program MARK, and including data from all subpopulations makes our analysis more
robust. Thus, we report nest survival estimates from all nests monitored during 2008 and
2009 here for comparison.
Using all nests monitored in subpopulations A, B, C, D and E during 2008 and
2009, we examined the influence of covariates on nest success rates within Program
MARK. We explicitly tested the influence of time of season and year on daily nest
survival rates since we have strong prior evidence that these factors influence the
probability of nest failure (Lockwood et al. 2007, Baiser et al. 2008). Since we have two
consecutive years of data from all subpopulations (except F) we also examined the effect
of location (i.e. what subpopulation a nest occurred in) on nest survival rates. Finally,
now that we have used iButtons in nests for two field seasons, we have enough data to
examine the effect of this treatment on nest survival rates. Thus, we included
presence/absence of an iButton in the nest as an additional covariate in our models.
All together, we considered 13 a priori models that describe daily nest success
rates within subpopulations A, B, C, D and E including the following models: (1) a model
with constant daily survival rate (CONSTANT), (2) a model where survival varied by
YEAR, (3) a model where survival varied by SEASON, (4) a model where seasonal and
annual effects are additive (SEASON + YEAR), (5) a model where seasonal and annual
effects interact such that in some years the seasonal effect is magnified, or vice versa
(SEASON x YEAR), (6) a model where survival varied by subpopulation (SUBPOP),
and (7) a model where survival varied by treatment with or without the placement of an
iButton in the nest (iBUTTON). We also included a global model with all covariates
having an additive effect and six additional additive models with various combinations of
covariates that we deemed biologically meaningful for inclusion in our analysis (see
Table 4). We ranked our 13 models based on Akaike’s Information Criterion corrected
for small sample size bias (AICc) (Burnham and Anderson 2002). We considered all
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models with ΔAICc of <2 as well supported by our empirical data, and models with
ΔAICc between 2 and 7 as having some support (Burnham and Anderson 2002).
We examined the time-specific effect of date on nest survival (SEASON) by
assigning all nests into one of two categories: (1) ‘early’ nests are those initiated prior to
June 1 and (2) ‘late’ nests are those initiated after June 1. We defined nest survival as the
probability of a nest surviving from laying to fledging, an approximate 25-day period for
Cape Sable seaside sparrows (Lockwood et al. 1997). We considered nests that fledged
at least one young as successful and we excluded any nests with uncertain outcomes from
the analysis.

1.4

Results

1.4.1 Drought and Flooding 2009
The 2009 breeding season for the Cape Sable seaside sparrow was one where severe
drought conditions at the onset gave way to an early and abrupt start to the wet season.
According to the National Oceanic and Atmospheric Administration (NOAA), the dry
season of 2008 – 2009 ranked as the second driest dry season on record for most of south
Florida. There was a prolonged period of record low rainfall between November 2008
and May 2009 brought on by a prevailing La Nina pattern. Over this period the eastern
half of south Florida received rainfall totals that were 25 – 40% below average. Our
observations confirm that the local conditions in sparrow habitat in the Everglades were
extremely dry during the early part of the breeding season. At the beginning of May
subpopulations E and C had no standing water, and the soil and periphyton were dusty
and crunchy. The sparrow breeding season got off to a very late start compared to
previous years (see Section 1.4.6), and we suspect that the drought conditions were a
major contributing factor.
The wet season officially started on 11-May-2009 according to NOAA. This start
was nine days earlier than the median start date of 20-May, and was the earliest start to a
wet season since 2003. Not only did the wet season start somewhat early, but it also
began rather abruptly and violently. A low-pressure trough prevailed over south Florida
early in the wet season providing a favorable environment for regular rain showers and
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thunderstorms. Most areas saw above average rainfall during this early part of the wet
season. We observed that local conditions in the sparrow subpopulations varied to some
extent, but flooding from heavy rain events dominated. Severe thunderstorms during the
last week of May resulted in a rapid rise in water levels in all of our study plots. A rain
gauge in subpopulation E recorded 12 inches of rain during the last week of May, and the
study plot there became almost completely covered with standing water by 26-May-2009.
Since the Cape Sable seaside sparrow breeding season got off to such a late start
in 2009, many nests were initiated late (apparently synchronized among subpopulations)
resulting in more nests than usual being active (rather than completed) at the onset of the
wet season. Daily nest survival rates for Cape Sable seaside sparrows are known to have
lower nest success during the late part of the breeding season after the rains have started
typically due to higher predation pressure (Baiser et al. 2008). Therefore, having more
nests active by chance at the time of year when the 2009 wet season began thus
contributed strongly to the poor overall productivity in 2009 (see Section 1.4.6). In
addition, the intense and abrupt start of the wet season (albeit not that unusual) combined
with the late start of the breeding season resulted in many nests being lost over a short
period of time due to the direct effects of flooding. For example, there were 16 active
nests in subpopulation E before severe thunderstorms inundated the area with water
during a three-day period in late-May, and 10 of these failed, several with evidence of
flooding. We have very rarely observed nests failing due to the direct effects of flooding
within subpopulation E, thus leading us to conclude that the weather patterns during the
2009 breeding season were highly unusual in their adverse impact on sparrows.

1.4.2

Fire 2009

Although fire is a natural phenomenon in marl prairies, the changes to the natural fire
regimes and the current spatial extent of sparrow subpopulations make the sparrow
extremely vulnerable to fire. There was concern over the risk of fires during the 2008 –
2009 dry season due to the drought conditions that prevailed (see above). Fortunately, to
our knowledge there were no significant natural or incendiary fires that affected occupied
sparrow breeding habitat during 2009. However, we continue to monitor subpopulations
that were affected by fire events in 2008 (and prior); fires of various intensities affected
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four of the six extant subpopulations (A, C, E and F) in 2007 and 2008. Relevant results
are given below and in Section 2.
1.4.3

Location & Territory Sizes

We conducted intensive ground-based searches of male territorial song in subpopulations
A, C and E during 2009. We also conducted less-intensive ground-based searches in
subpopulations B and D during 2009.
Subpopulation A: We re-established a presence at the remote field camp (West
Camp) located within subpopulation A, which allowed us to begin intensive monitoring
of this subpopulation during 2009. In 2008 we visited the study site around West Camp
several times collecting basic demographic data after a fire moved through late in the
breeding season in 2008 (Boulton et al. 2009). This information, and prior banding
efforts from the research group of Dr. Stuart Pimm, provided a baseline for us to begin
more detailed demographic studies at this site in 2009. During 2009 we documented 19
male sparrows holding territories, with the distribution split almost evenly between the
‘lower’ and ‘upper’ meadows (Fig. 2). Most nests (11 of 15) were found in the lower
meadow northeast of the area that burned in a fire in 2008.
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Figure 2. Territory maps and nest locations for breeding pairs and single male sparrows
in subpopulation A during the 2009 breeding season.

Subpopulation C: The distribution and density of sparrows within subpopulation
C changed considerably from 2006 to 2008 due to the Frog Pond fire that burned through
this site in March 2007. During 2009, we saw a further change in sparrow distribution
and density (Fig. 3). We saw evidence of sparrows using habitat within the burned
habitat, which indicates that this habitat may be recovering at the rate expected (La Puma
et al. 2007). Two male sparrows held territories that were at least partially within the
burn scar, and one pair placed a nest within the burned habitat. However, most sparrow
activity in our study plot was concentrated outside the burned habitat possibly indicating
that the burned habitat has not fully recovered. The distribution may also have been
affected by our conspecific attraction experiment in Subpopulation C in 2009 (see
Section 2). It is likely that the distribution of sparrows in Subpopulation C was
influenced by both the recovery of habitat within the Frog Pond fire scar and our
conspecific attraction experiment to some degree. We recommend continued monitoring
of the distribution of sparrows in this subpopulation in 2010 to further document the
response to both the Frog Pond fire and our conspecific attraction playback experiment.
17

Figure 3. Territory maps and nest locations for breeding pairs and single male sparrows
in subpopulation C during the 2009 breeding season. Sparrow territories for 2008
included for comparison. Playback stations represent the location of conspecific
playback units (see Section 2), with expected sound carrying radii of 500m represented
by black outlining. The Frog Pond fire occurred during March 2007.

Subpopulation D: After the range-wide survey identified several singing males
during 2009, we conducted extensive searching in subpopulation D. We were able to
locate four territorial males and two breeding females (with two nests). These breeding
pairs were located near the same area where several unpaired male sparrows were
observed in 2008 (Fig. 4). Subpopulation D had previously been considered functionally
extirpated because so few birds were seen there, and of those seen, all were unmated
males (Lockwood et al. 2007). Thus the observation of breeding pairs in this
subpopulation is encouraging. Despite this development, logistical constraints kept us
from conducting more intensive monitoring in this subpopulation in 2009 (see below).
We recommend that additional research effort be conducted in subpopulation D in 2010
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to determine if additional females recruit into the subpopulation, and to monitor the fate
of any nests located there.

Figure 4. Territory maps and nest locations for breeding pairs and single male sparrows
in subpopulation D during the 2009 breeding season. Single male sparrow territories for
2008 included for comparison.
Subpopulation E: Our territory mapping for subpopulation E shows slightly
lower territory densities there in 2009 as compared to 2008 (Fig. 5). However, lateseason territory mapping was disrupted due to the destruction of East Camp during the
first week of June 2009. We identified 47 territorial males in subpopulation E during
2009, a number comparable to 2008; however, we only documented 37 breeding males.
Had we been able to continue with the same intensity of searching late in the breeding
season, it is likely we would have been able to confirm breeding for more pairs resulting
in a similar density of territories as observed in previous years. This assumption is
bolstered by our observing a similar distributional pattern in territory locations in 2009 as
we did in 2008 (Fig.5).
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(a)

(b)

Figure 5. Territory maps and nest locations for breeding pairs and single male sparrows
in subpopulation E during the (a) 2009 and (b) 2008 breeding seasons.
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1.4.4

Banding & Resighting Data

In 2009, we banded adult and juvenile sparrows in subpopulations A, B, C, D and E.
Across all subpopulations in 2009 a total of 30 males (after hatch year, AHY) and 7
females (AHY) were banded, compared to 26 males and 15 females banded during the
2008 breeding season (Table 1). As a result of our intensive banding efforts in small
subpopulations A, C and D in 2009 (and prior years), 100% of the breeding male
sparrows identified on our study plots during 2009 were banded. In large subpopulation
E, 97% of the breeding males found on our study plot were banded. Due to the difficulty
in trapping females, we banded only 63% of the breeding females in subpopulation E. In
subpopulation A the ratio of banded females is lower (47%), and no breeding females
were banded in subpopulations C and D. We do not have a good estimate of these
proportions for subpopulation B at this time since we did not start monitoring this
subpopulation until late-June 2009.
The majority of the sparrows banded in 2008 were nestlings (220) or hatch year
birds (HY, 57); however, in 2009 these numbers were significantly lower (Table 1). The
low number of nestlings/fledglings and hatch year birds banded during 2009 is not a
function of reduced effort from 2008 (with the possible exception of subpopulation B).
Rather, it is likely related to the low nest survival rates observed in all subpopulations
during 2009 (see Section 1.4.6). In 2009, we did not band nestlings; however, we did
attempt to band fledglings and hatch year birds in all subpopulations monitored.
Unfortunately, due to low nest survival rates, we caught and banded few fledglings or
hatch year birds (Table 1).
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Table 1. Female, male, juvenile (hatch year), and nestling (includes fledglings) Cape
Sable seaside sparrow individuals banded in subpopulations A, B, C, D and E during the
2008-2009 breeding seasons. Numbers in parenthesis represent the number of nests the
sample of nestlings was obtained from. Numbers reported for 2008 for subpopulations A
and B include birds banded by the research team lead by Dr. Stuart Pimm.
♂ Female
2008

♀ Male

2009

2008

Hatch Year

2009

2008

2009

Nestlings
2008

2009

A

8

1

5

6

15

0

11 (3)

4 (2)

B

30

4

41

10

15

12

60 (30)

3 (1)

C

1

0

5

7

0

0

14 (6)

0

D

0

0

5

2

0

0

0

0

E

14

2

16

5

40

0

136 (43)

1 (1)

Total

53

7

72

30

70

12

221 (85)

8 (4)

Banding sparrows allows us to compare recruitment, return rates and dispersal
rates between small and large subpopulations. During the 2009 breeding season, we
resighted 86 previously banded sparrows from subpopulations A, B, C and E (Table 2).
The majority of our band resights were observed in large subpopulations B and E (80%)
with the remainder observed in small subpopulations A and C. None of the sparrows
previously banded in subpopulation D were resighted during 2009. Unfortunately, with
so few returns we cannot accurately calculate annual survival estimates for the small
subpopulations (however, see Section 4 for sparrow survival estimates). We observed
two between subpopulation (long-distance) dispersal events (see Section 1.4.5).
To assess annual return rates, we analyzed the proportion of birds banded in all
subpopulations during 2008 that were resighted in 2009. Out of a total of 416 birds
banded in 2008, we resighted 47 individuals (11%). Overall return rates varied between
subpopulations as follows: A (23%), B (5%), C (5%), D (0%) and E (14%). The low
return rate in subpopulation B is likely a function of our lower effort there in 2009.
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Of the 54 returning sparrows in the intensively monitored large subpopulation E,
20 were females (37%) and 34 were males (63%). We banded one sparrow originally in
2003, making this breeding female at least seven years old. Of the remainder, we banded
three in 2004, two in 2005, five in 2006, 16 in 2007 and 27 in 2008. Only nine of the 136
nestlings/fledglings banded in 2008 (7%) and six of the 40 juvenile (hatch year) sparrows
banded in 2008 (15%) recruited back to the subpopulation E study plot in 2009. These
return rates were considerably lower than the rates reported in 2008 (17% and 42% for
nestlings and juveniles, respectively). There are several possible explanations for this
discrepancy. First, we obtained fewer resights in subpopulation E during 2009 due to the
loss of East Camp midway through the breeding season. Had we been able to continue
our monitoring with the same intensity throughout the entire breeding season, we likely
would have observed more returning sparrows. Second, the study plot had a denser
distribution of breeding birds in 2008 than in prior years, which may have left less room
for new recruits to establish themselves in 2009. Finally, it is possible that juvenile
survival was very low between 2008 and 2009. The severe drought conditions that
prevailed in the Everglades during the winter and early spring of 2009 may have reduced
prey abundance to a level that increased juvenile mortality rates. Additional surveys to
resight banded sparrows in 2010 should help reveal the best explanation for the low
juvenile recruitment rate.
In comparison, in small subpopulation A, we resighted 12 previously banded
sparrows; eight males, three females and one of unknown sex. One sparrow was
originally banded in 2005, two in 2007 and 9 in 2008. None of the 11 nestlings banded in
2008 were resighted in 2009. Six of the 15 juvenile (hatch year) sparrows banded in
2008 recruited back to the study plot in 2009 (40%). The return rate for juvenile birds
was similar to previous estimates reported for large subpopulation B (Boulton et al.
2009); however, we cannot explain the lack of recruitment of 2008 nestlings into
subpopulation A as second year adults in 2009.
In small subpopulation C we resighted five previously banded sparrows, all
males. These resights are interesting since two of them involved between subpopulation
dispersal events (see Section 1.4.5). Two of the males were banded as adults in 2007 in
subpopulation C, and one was banded as an adult in 2008 in subpopulation E. The
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remaining two males were banded as nestlings, one in 2007 in subpopulation C and the
other in 2008 in subpopulation E. Of some concern is the lack of recruitment into this
study plot by any of the 14 nestlings banded there in 2008 as second year adults.

Table 2. Banded Cape Sable seaside sparrow individuals resighted in subpopulations A,
B, C, D and E during the 2009 breeding season. The following age classifications were
based on age at time of initial banding: (1) after hatch year (adults; AHY) birds
categorized by sex, (2) hatch year (juveniles; HY), and (3) nestlings (including
fledglings). Numbers in parentheses indicate juvenile birds and nestlings/fledglings
resighted in 2009 that were banded in 2008.
Total

♂ Female

♀ Male

Unknown

Resights

AHY

AHY

AHY

Hatch Year

Nestlings

A

12

1

5

0

6 (6)

0

B

15

2

4

6

3 (3)

0

C

5a

0

3a

0

0

2 (1)a

D

0

0

0

0

0

0

E

54

7

16

0

14 (6)

17 (9)

Total

86

10

28

6

23 (15)

19 (10)

a

Includes two male sparrows banded in subpopulation E in 2008 (one AHY and one nestling) and resighted
in subpopulation C in 2009

1.4.5

Dispersal

During the 2009 breeding season, we witnessed two between subpopulation (longdistance) dispersal events. Both individuals were males originally banded in
subpopulation E in 2008. The first male was banded on 16-April-2008 as an adult, and
had nested in subpopulation E in 2008. This male was seen only once in subpopulation C
on 12-March-2009, and was not seen again in any subpopulations monitored during 2009.
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Although this male moved 10.7 km from its original banding location in subpopulation E,
breeding was not confirmed in subpopulation C.
The second long-distance dispersal event involved a sparrow originally banded as
a nestling in subpopulation E on 24-April-2008. This bird (confirmed as a male in 2009)
was seen as a second year bird on 25-May-2009 in subpopulation C, and thus had moved
11.4 km from its natal site. Breeding was not confirmed for this male and it was not seen
again in any of the subpopulations during 2009.
Although between-subpopulation dispersal events are rare (Boulton et al. 2009),
understanding patterns in dispersal between subpopulations is critical for the management
of the Cape Sable seaside sparrow given concerns over the status of small
subpopulations. Due to the lack of data for such events it has proven difficult to analyze
these data. However, we expect that our recent efforts to band juvenile birds in several
subpopulations will pay off with more data on between-subpopulation dispersal events in
the future allowing more robust analyses. Additionally, the completion of an Access
database for our long-term banding dataset (anticipated 2010) should enable us to better
conduct such analyses. Since juvenile sparrows are relatively easy to catch, and we have
found them to have a higher return rate than nestlings/fledglings, these are valuable
individuals to band in terms of what they can tell us about recruitment and dispersal.
Thus, we will continue intensive efforts to band juvenile sparrows going forward to
obtain more information on their dispersal, recruitment and survival.

1.4.6

Demography

The 2009 Cape Sable seaside sparrow breeding season commenced much later than
observed in the previous three years (Fig. 6). Female sparrows in subpopulation E
initiated incubation of first nesting attempts on 28-April, which was almost three weeks
later than in 2008 and nearly four weeks later than in 2007 (09-April-2008 and 03-April2007). This same pattern was observed in subpopulation C, where females initiated
incubation of first nests on 29-April, which was four weeks later than in 2008 (25-March2008). Subpopulation A appeared to be synchronized with subpopulations C and E, with
females initiating incubation of first nests on 29-April. We attributed this late start to the
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extreme drought conditions that prevailed in south Florida during the winter and earlyspring of 2009 (see above). Additionally, there was an unusual late freeze in south
Florida in February 2009 (temperatures in the Homestead area reached 30 degrees
Fahrenheit), which may have contributed to the late start of the sparrow breeding season.

Figure 6. Number of nests we found in subpopulation E during each week of the 2007 –
2009 breeding seasons. Dashed line indicates the official start of the 2009 wet season.

As can be seen in Figure 6, the late start to the 2009 breeding season led to a high
number of nests being initiated just before and after the start of the wet season on 11May. In contrast, many sparrow nests in 2007 and 2008 were in later stages or even
successfully fledged by the time the wet season started in those years. This late start did
not bode well for sparrow nest success rates in 2009 (see below). The negative impact of
the synchrony between the late start to the breeding season with the early start of the wet
season was exacerbated by the severe intensity of the 2009 wet season that produced high
water in our study plots.
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Similar to previous years we observed a high proportion of unmated to breeding
males in two of the small subpopulations (C and D; Table 3). In subpopulation C in 2009
we observed two unmated males to five breeding males (29% unmated). In 2008, each
breeding male in subpopulation C was associated with at least one extra single male (50%
unmated). In subpopulation D, three male sparrows were observed on our study plot in
2009 and one of these was unmated (33% unmated). This proportion was much lower in
subpopulation A, with two out of 15 males being unmated (13% unmated). In
comparison, we only observed three unmated males in subpopulation E out of at least 37
breeding males there (8% unmated).
We found 33 nests associated with 31 sparrow pairs in subpopulation E during the
2009 breeding season (Table 3). Twenty-six of these nests were active early in the
season (hatched before 1-June) while the other seven were active late in the season. The
number of late-season nests we followed in subpopulation E was down considerably from
2008 (37 nests); this was due in large part to our reduced effort there during the latter part
of the 2009 breeding season. When we conducted surveys later in the season at this site,
however, we did not find many juvenile sparrows indicating that most late-season nests
likely failed. We observed no double-brooding by any pairs in subpopulation E, or in any
of the other subpopulations, in 2009.
In comparison, in the small subpopulations we found 15 nests associated with the
10 sparrow pairs in subpopulation A during 2009 (Table 3). Nine of these nests were
active early in the season (hatched before 1-June) while the other six were active late in
the season. During 2009 we found five nests associated with five pairs in subpopulation
C, with four of them active early in the season and one active late. In subpopulation D,
we found two nests associated with two pairs, both of these were early season nests.
In 2009, the breeding pairs in the small subpopulations fledged fewer nestlings
per successful nest as compared to pairs in the larger subpopulations. Successful pairs in
subpopulations A and D fledged 1.5 nestlings per pair, which was lower than both
subpopulation B (4.0) and E (2.4). Breeding pairs in subpopulation C did not
successfully fledge any nestlings during 2009. In 2008, pairs in small subpopulation C
also fledged fewer nestlings per successful nest (2.5) compared to the larger
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subpopulations B (3.2) and E (3.1). The disparity in apparent fledge success in
subpopulation C was attributed to lower hatch rates during 2008 (Boulton et al. 2009).
However, this does not appear to be a good explanation for the observed disparity in
fledging rates between the small and large sparrow subpopulations in 2009. The hatch
rate in subpopulation A was estimated to be 0.73 (n = 15) compared to a lower hatch rate
in subpopulation E of 0.58 (n = 33), which is the reverse of what should be expected if
hatch rates lead to lower fledge rates. This suggests that the lower apparent fledge
success rates in the small subpopulations witnessed in 2009 were attributed to greater
brood reduction rates rather than lower hatch rates.
Using nests with known clutch size, we calculated an average clutch size in
subpopulation A of 3.2 eggs per nest (n = 10) while the average clutch size in
subpopulation C was 3.0 (n = 4). For comparison, the average clutch size in large
subpopulation E was 2.9 (n = 23). We did not calculate average clutch size for
subpopulations B or D due to the small sample sizes there. In 2008, the average clutch
size was 3.5 in both subpopulations C (n = 6) and E (n = 49). Comparative data were not
available for subpopulation A. The drought conditions prevalent during the early part of
the breeding season may have contributed to the lower clutch sizes observed in 2009.
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Table 3. Mating and breeding status of the five subpopulations monitored during the
2008 – 2009 breeding seasons including; the number of breeding female and male
sparrows (either observed incubating or feeding nestlings), single males, nesting attempts
and nest survival estimates calculated in Program MARK. Numbers in parenthesis
represent number of fledged young per successful nest.
Breeding

Breeding

♀ Females

♂ Males

Year

Single

Nesting

♂ Males Attempts

2008 / 2009

% Nest Survival
2008

2009

A

na / 15

na / 13

na / 2

6 / 15

32.6 (4.0)

7.6 (1.5)

B

na / 3

na / 3

na / 0

24 / 3

40.8 (3.2)

12.7 (4.0)

C

4/5

5/7

5/2

9/5

28.9 (2.5)

5.8 (na)

D

0/2

0/2

5/1

0/2

na

100.0 (1.5)

E

48/ 35

48 / 37

2/ 3

80 / 33

39.5 (3.1)

11.7 (2.4)

Total

52 / 60

53 / 62

12 / 8

119 / 58

38.4 (3.0)

10.1 (2.3)

We estimated overall nest survival (Program MARK) to be 10.1% (CI 9.9-10.4%)
when nests in all subpopulations in 2009 (n = 58) were pooled (Fig. 7). For comparison,
overall nest survival in 2008 (n = 112) was estimated to be 38.4% (CI 20.5-56.3%). Our
MARK analysis of covariate influence on nest survival in 2009 indicated that early
season nests had a much higher nest survival rate (17.6%, CI 15.8-19.3%) than late
season nests (1.3%, CI 1.3-1.3%), a pattern similar to previous MARK analyses of
sparrow nest success (Baiser et al. 2008). However, Baiser et al. (2008) reported earlyseason nest survival rates as high as 47% which is substantially above the rates reported
in 2009.
Comparing nest survival rates estimated in Program MARK between
subpopulations, we see that the rates in 2009 were lower in small subpopulations A and C
than in large subpopulations B and E (Fig. 7). This result holds when pooling the 2008 –
2009 data. However, the nest survival rates estimated for subpopulation A are biased low
since six of 15 nests monitored in 2009 and all nests monitored in 2008 were late-season
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nests, which are known to have lower survival probabilities. Overall, nest survival rates
were down for all subpopulations in 2009 compared to 2008 indicating that this year was
an exceptionally poor year for nest success for the entire Cape Sable seaside sparrow
population.
The most supported model in our a priori set included the variables YEAR,
SEASON and iButton (ΔAICc < 2) (Table 4). However, models that included the
additive and interactive effects of YEAR and SEASON also showed some support
(ΔAICc between 2-7). Additionally, our global model with all covariates showed some
support. The strong variability in daily nest survival rates between years (beta = -1.12,
SE ± 0.23) and within seasons (beta = -1.10, SE ± 0.24) was evident in our results, and
was expected based on prior analyses of Cape Sable seaside sparrow nest survival (Baiser
et al. 2008, Boulton et al. 2009). The inclusion of the iButton covariate in the top model
indicates that the experimental use of Thermochrom iButton dataloggers in sparrow nests
does not have a negative effect on nest survival rates. In fact, the use if iButtons has a
slight positive influence on nest survival rates as evidenced by the positive beta estimate
for this parameter (0.50, SE ± 0.24). Based on this result, we will increase our use of
iButtons for monitoring nests. Note, however, that this effect is well below the more
dominant effects of SEASON and YEAR.
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18

Overall Nest Survival
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12
10
8
6
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33

Pooled

A

B

C

E

0
Subpopulation

Figure 7. Overall 2009 nest survival estimates calculated using Program MARK for
Cape Sable seaside sparrow subpopulations A – E. Population D data (2 nests – both
fledged) included in pooled estimate of overall nest survival, but excluded from chart for
presentation purposes. Error bars represent 95% CI and numbers within each column
represent nest sample size.
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Table 4. Summary of model selection results for daily survival probability of Cape Sable
seaside sparrow nests in all subpopulations (2008 – 2009).
b

a

c

e

AICC

YEAR + SEASON + iBUTTON

4

476.95

0.00

0.46

YEAR + SEASON

3

479.29

2.34

0.14

YEAR x SEASON

4

480.25

3.31

0.07

GLOBAL MODEL

7

480.54

3.59

0.07

YEAR + SUBPOP + SEASON

6

482.62

5.67

0.03

YEAR

2

494.07

17.13

0.00

YEAR + iBUTTON

3

495.35

18.40

0.00

SEASON + iBUTTON

3

497.70

20.75

0.00

YEAR + SUBPOP

5

498.49

21.54

0.00

SUBPOP + SEASON

5

501.00

24.05

0.00

CONSTANT DSR

1

507.80

30.85

0.00

SUBPOP

4

508.89

31.94

0.00

iBUTTON

2

509.37

32.43

0.00

a

ΔAICC

d

K

Model

wi

Predictor variables taken to affect daily nest survival rate under the model: YEAR = sampling year 2008-2009; SEASON = linear

time trend across the breeding season (15-March to 15-August); SUBPOP = sparrow subpopulation (A, B, C, D, E); iBUTTON =
treatment with or without Thermochrom iButton datalogger; CONSTANT DSR, constant daily nest survival.
b

Number of parameters in model.

c

Akaike’s Information Criterion corrected for small sample sizes.

d

Difference in AIC value from that of the best model (represented by bold typeface).

e

Akaike weights, indicating the relative support for the models.

1.5

Conclusion

Our major findings during 2009 were that: (1) very few sparrows continue to breed in the
smaller subpopulations C and D, (2) overall nest success in all subpopulations was down
considerably this year, (3) overall demographic rates were lower in small subpopulations
as compared to large subpopulations, (4) juvenile return rates were very low in both small
and large subpopulations, and (5) there continues to be an excess number of single males
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in the smallest subpopulations (C and D). On a positive note, the discovery of breeding
pairs in subpopulation D and 19 breeding pairs in subpopulation A are promising. In
addition, there are comparatively few unmated males in subpopulation A as compared to
other small subpopulations (C and D), and subpopulation A shows no clear difference in
clutch sizes, adult return rates or proportion of early to late nests as compared to the large
subpopulations. These results suggest that subpopulation A consists of breeding adults
that are site fidelic, and that their breeding productivity is within the range seen with
larger subpopulations with a few exceptions (see below). Based on this evidence, we
conclude that subpopulation A remains extant and functional. Finally, our MARK
analysis of nest success showed that the use of iButtons in sparrow nests does not have a
negative effect on nest survival and instead provides a clear beneficial alternative to more
active nest monitoring.
Cape Sable seaside sparrows had a very poor year in terms of breeding
productivity in 2009, and this poor performance prevailed across all subpopulations.
Reproductive parameters including clutch size, overall nest success rates (as measured
using Program MARK), and the number of nestlings fledged per successful pair were low
in all subpopulations monitored this year as compared to previous years. Further, we
observed no double-brooding by any breeding pairs in 2009, which is predicted to be
vital for the overall viability of the Cape Sable seaside sparrow population (Lockwood et
al. 2001). We suggest that the juxtaposition between the extreme drought conditions that
prevailed during the winter and early spring of 2009, and the abrupt and intense start to
the wet season, were major contributing factors towards this year’s poor sparrow
reproductive success. These conditions may have also contributed to the very low
juvenile return rates observed in both small and large subpopulations. The intensity of
the drought during the 2008 – 2009 dry season may have led to high juvenile mortality
rates due to food limitations.
Although overall demographic parameters were lower in all subpopulations
during 2009, we note that many of these parameters were yet lower in the small
subpopulations when compared to the larger subpopulations. It is difficult to compare
demographic parameters between the small and large subpopulations because our
samples are relatively small; however, our data does provide some evidence that
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sparrows living in these small subpopulations are subject to the ill-effects of living at low
densities (e.g. Allee effects). First, overall nest success rates were lower in small
subpopulations A and C than in large subpopulations B and E (keeping in mind that the
rates estimated in A are biased low to some extent due to a higher proportion of lateseason nests being included in our analyses). Second, the number of nestlings per
successful pair was lower in all three small subpopulations monitored (A, C and D) than
in either of the larger subpopulations. This pattern persisted despite the higher clutch
sizes and hatch rates observed in subpopulations A and C, thus indicating that nestling
survival was lower in the small subpopulations. Finally, of the 25 nestlings banded in
small subpopulations A or C in 2008 none were resighted in 2009. Unless these juveniles
dispersed into areas where we were not monitoring, this finding provides further evidence
that juvenile survival was very low in the small subpopulations between 2008 and 2009.
In 2009, we detected two between-subpopulation (long-distance) dispersal events.
Both of these involved sparrows moving from subpopulation E into subpopulation C (one
originally banded as an adult and one as a nestling); neither bird nested in C.
Interestingly, these birds were seen in the area near our conspecific attraction experiment
(see Section 2). There may have been additional between-subpopulation dispersal events
in 2009 that involved unbanded individuals and thus went undocumented. For example,
two breeding females recruited into subpopulation D in 2009. Although these birds were
unbanded, we know they were not present in 2008 because we only observed five single
male sparrows in subpopulation D last year. Documenting the recruitment of female
sparrows into subpopulation D, and confirming successful breeding there, raises the
possibility that this subpopulation is not defunct but instead is prone to ‘blinking on and
off’ across years via dispersal of individuals from other subpopulations. It is possible
that the five singing males that persisted throughout the breeding season in subpopulation
D in 2008 attracted females due to conspecific attraction. Continued monitoring of
subpopulation D will document if additional females, and nesting, occur going forward.
One concern for the recovery of the small subpopulations has been the large
number of single male sparrows in these subpopulations. This situation was extreme in
2008 with six non-breeding males in subpopulation C and five single males only in
subpopulation D (Boulton et al. 2009). In 2009, this pattern continues albeit to a lesser
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degree. While some non-breeding males were present in large subpopulations A and E,
this unmated ‘floater’ component was very small suggesting this pattern may only be a
problem in situations where very few sparrow settle to breed (i.e. subpopulations C and
D). A high proportion of unmated males may be another important indication that the
small populations are in trouble and are at a higher risk of local extinction. Such a
situation was strikingly obvious with the Dusky seaside sparrow (Ammodramus
maritimus nigrescens) when the last six known individuals were all males (1977-1979),
and the last female seen was in 1975 (Delany et al. 1981). It is not clear why there are a
high proportion of unmated males in the very small sparrow subpopulations. Likely
candidate explanations include disrupted behavioral mechanisms, low female survival in
these areas, or dispersal limitations of females.
Based on our results in 2009, we make the following management
recommendations:
1. Although the minimum population number is not clear, we have strong
evidence that sparrow populations may be extremely slow to recover, or
cannot recover, once they reach very small population sizes because of low
juvenile and adult recruitment, many unmated males, and biased sex ratios.
Two of the populations we observed (C and D) had annual numbers of
individuals below 25, and each of these populations suffered from these
issues. This number of sparrows (25) should thus be considered the absolute
lowest number a subpopulation should be allowed to realize before emergency
management actions are initiated. Note that the numbers we use to derive this
principal are empirical counts and not estimates derived from the range-wide
survey.
2. Our results strongly argue for a risk-averse approach to managing the
remaining large subpopulations and subpopulation A. If these subpopulations
are allowed to decline to very low numbers, they too will suffer from
problems associated with small population size with the additional severe
difficulty that there will be no source population that can provide recruits.
Our results unequivocally show that Cape Sable seaside sparrows are subject
to Allee effects that can make extinction more likely than not when they are
35

driven to very small population numbers. However, the severity of these
effects remains unclear. Continued monitoring in both large and small
subpopulations and comparative analyses of data seems prudent to better
understand the intensity of these effects.
3. Our detailed analyses show that there are considerable swings in the
demographic variables of nest success and survival within- and betweenyears. This result contains three management cautions. First, even under the
best of circumstances (e.g., large enough population size to escape Allee
effects), sparrow populations will take time to recover their former numbers.
Second, these environmental variations serve to increase the susceptibility of
the sparrow to extinction (or local extirpation) over what we may have
predicted based on the influence of known systematic pressures such as fire
and flooding. Third, this degree of environmental variation makes it difficult
to ascertain when we are witnessing a systematic decline in a subpopulation
versus normal fluctuations.
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2.0

CONSPECIFIC ATTRACTION

2.1

Overview

Many territorial avian species, including the Cape Sable seaside sparrow, tend to
aggregate breeding territories (Pimm et al. 2002). A persistent question for these species
is what benefit accrues to each individual that chooses to settle in an aggregation that
counteracts the negative effects of having to share limited but valuable nesting resources
with others in the group. Some of the benefits of living in close proximity to conspecifics
that may outweigh the costs of increased competition include: (1) group protection from
predators, (2) predator dilution, (3) cooperative territory defense, (4) higher probability of
finding mates, (5) reduction of inbreeding, and (6) increased probability of extra-pair
copulations (Muller et al. 1997, Stephens and Sutherland 1999, Melles et al. 2009). The
last benefit may prove to be very important in birds since extra-pair copulations are a key
component of avian mating systems (Bennett and Owens 2002). Thus, overall fitness
may actually increase when birds cluster their breeding territories.
Species that tend to have naturally low densities, such as many grassland birds
including the Cape Sable seaside sparrow, may benefit greatly by clustering territories by
reducing potential Allee effects that often result from low population densities.
Conspecific attraction could help explain why many grassland birds exhibit clumped
distributions. In fact, one grassland species, Baird’s sparrow (Ammodramus bairdii), has
been shown to use conspecific cues to select breeding territories (Ahlering et al. 2006). It
seems plausible that the Cape Sable seaside sparrow may use similar conspecific cues to
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select breeding habitat, although this hypothesis remains untested at present. It is
important to know if conspecific attraction is strong in the Cape Sable seaside sparrow
because if it is, habitat restoration alone may not be enough to encourage recruitment and
settlement by sparrows into newly restored habitat due to an absence of conspecifics.
If conspecific attraction is strong in the Cape Sable seaside sparrow this has major
management implications. In order to entice sparrows to disperse into restored habitat it
may be possible to use artificial playback of conspecific song to attract sparrows into
these areas. There is much experimental evidence that birds respond well to the artificial
playback of conspecific song using it as a cue to select breeding habitat (Ward and
Schlossberg 2004, Mills et al. 2006, Hahn and Silverman 2007, Betts et al. 2008). Thus,
we designed a conspecific song playback system specifically for experimental use in the
Florida Everglades to understand if Cape Sable seaside sparrows use such cues to select
breeding habitat and to determine whether Cape Sable seaside sparrows would respond to
such a management manipulation.

2.2
(1)

Objectives
Trial the use of an experimental conspecific song playback system designed to
broadcast sparrow song in the Florida Everglades.

(2)

Assess the extent to which Cape Sable seaside sparrows use conspecific song as
a cue towards the selection of breeding territories and nest placement.

(3)

Assess the response of Cape Sable seaside sparrows to the playback of sparrow
song as an artificial cue for conspecific attraction.

(4)

Provide management recommendations related to recovery of small sparrow
subpopulations based on conspecific attraction information collected within the
above objectives.
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2.3

Methods

2.3.1

Playback system design

We designed a playback system to broadcast Cape Sable seaside sparrow song over large
areas (> 1km) in the Florida Everglades. The playback units needed to be able to
broadcast song for long durations without the need for regular visitations due to the
difficulties in our accessing areas where sparrows breed in the Everglades. Further, the
playback units needed to be designed to handle exposure to the harsh elements in the
Everglades during the duration of the sparrow breeding season (e.g., extreme
temperatures and torrential rain). Thus, after designing the initial playback system we
sought the expertise of an independent contractor specializing in sound amplification
systems to improve our design and construct the playback units.
We constructed two identical conspecific playback units based on the following
design, conceived in collaboration with Casey Kittel (607-592-7943,
planetinnovation@yahoo.com; Fig 8). Each unit used an Apple iPod Nano to play
natural sparrow song that we previously recorded in the Everglades. The iPod was wired
to two 16-inch speakers (Dayton RPH16) using 75-watt speaker drivers (Dayton
D1075T) to broadcast song. The speakers were powered by a JBL marine amplifier
(model MA-6002) charged with a 12-volt deep cycle marine battery (Battery Werker
WKDC12-33J). The 12-volt battery was recharged daily by a solar panel (BP Solar
Panel SX320M) affixed to the playback unit. The playback unit was turned on by a
programmable timer wired into the amplifier. The iPod, amplifier, programmable timer
and all electronic wiring were housed in a waterproof Pelican case (model 1520) to
protect all components from the elements (e.g., heat and water). The Pelican case was
modified to allow easy attachment of external components (speakers, solar panel and
battery) through jacks that were sealed to keep water from entering the case. This
attachment system ensured the case would not have to be opened once it was deployed in
the field unless changes to the program needed to be made or to trouble-shoot problems.
The entire playback unit was mounted onto a tripod modified with a wooden
platform that secured the Pelican case and battery approximately 0.3 m above the ground.
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This height was deemed necessary to keep the electronic components above standing
water expected during the wet season. The speakers and solar panel were mounted on the
tripod 2m above the ground, which was a height no taller than the average tallest
vegetation found in sparrow habitat during the breeding season. Thus, sparrow song was
broadcast from a height above ground typical of singing male sparrows. The playback
units were secured to the ground with three guy-wires attached to posts screwed into the
ground to keep the units from blowing over in strong winds. The playback units could be
setup and broken down in approximately 45 minutes.

(b)

(a)

(c)

Figure 8. Photos of sound amplification system used in our conspecific attraction
experiment including: (a) complete song playback system, (b) solar panel for recharging
the 12 volt battery and (c) internal wiring of amplifier, programmable timer and iPod
enclosed in the waterproof Pelican case.
2.3.2

Study design

We established four plots within subpopulation C for inclusion in our conspecific
attraction experiment. We established two experimental plots where sparrow song would
be broadcast from conspecific playback stations and two control plots where no song
would be broadcast (Fig. 9). One control plot was located in the area where sparrows
were known to breed during 2008; all other plots were in areas where sparrows were not
known to breed during 2008 but for which we had records of them breeding prior to 2008
(i.e. we know these areas supported suitable sparrow habitat). Control plots were
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established in areas within and outside the fire scar from the Frog Pond fire that burned in
subpopulation C in March 2007. Experimental plots were established on the edge of the
fire scar, in areas more distant from the location of 2008 sparrow territories. This design
allowed us to see if we could manipulate the direction of sparrow re-colonization into and
around the burned habitat as it recovered from the effects of fire, which we expected
would happen in 2009, using artificial conspecific cues. By having plots in burned and
unburned areas we could include this habitat feature as an explanatory variable in our
analyses.
The control plots were approximately 1–2km from the experimental plots. The
more distant control plot was in the area known to have breeding sparrows in 2008
(unburned control). The nearer control plot held birds previous to the fire (burned
control). The experimental plots were further from the unburned control plot than from
the burned control plot. We were interested to see if sparrows would bypass the habitat
burned control plot (which should have become suitable this year for breeding) and settle
in the experimental plots (both burned), which could be attributed to the song playback
stations.
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Figure 9. Study design for conspecific attraction experiment. Yellow crosses represent
the location of two conspecific song playback stations; yellow circles represent a 500m
buffer around each station, which was the estimated sound-carrying distance of the
playback stations. Black dots represent 16 point count stations; grey circles represent a
200m buffer around each point count station, which was the distance observers were
instructed to search for sparrows. The Frog Pond fire occurred during March 2007.

We began broadcasting song on 02-February in the experimental plots. Songs
were broadcast at approximately half volume on the iPods, with the amplifiers set at their
highest settings. With the units set at these levels, we estimated that our playback units
would broadcast song over a distance of approximately 500m, depending on wind
conditions and direction away from the speakers. We chose this distance since we
estimated that natural song from male sparrows could be heard from approximately this
distance under light wind conditions typical of early morning in the Everglades. We
placed the playback units 700m apart, which we hypothesized would be a distance far
enough to avoid unnecessary overlap in song and near enough to avoid gaps in areas
where song could be heard.
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We initially set the programmable timers to go on at 0730 and to broadcast song
for three hours until 1030, at which time the units were programmed to turn off. The
units were programmed to turn off entirely during the daytime so that the units would not
overheat due to the extreme temperatures in the Everglades during midday and to
conserve battery power. This time period for song playback was selected since sparrow
singing typically peaks during the first few hours after sunrise. As the breeding season
progressed, we adjusted the programmable timers to turn the units on earlier to broadcast
song closer to sunrise. During the early part of the breeding season, the playback units
eventually began broadcasting song at 0710 and continued to broadcast song for a
duration of three hours. When the playback units were re-deployed later in the breeding
season (see below), the programmable timers were set to broadcast song from 0630 until
0930 to account for earlier sunrise.
We let the units play daily until we began to see evidence that sparrows in
subpopulation C, and in other subpopulations, exhibiting nesting behavior. We did this
because (1) we did not want to risk the chance of interfering with sparrow breeding and
(2) we were interested in the response of sparrows to the broadcast of song during the
time when territories were being established. Thus, we turned off the playback units on
13-April. The units were removed from the field at this time to reduce exposure to the
elements during the period when they were not being used to broadcast song.
We re-deployed the playback units on 3-July to broadcast song again during the
later part of the sparrow breeding season because we were interested in the response of
sparrows (particularly juveniles) after nesting. Little is known about dispersal of juvenile
sparrows at this time, and it is possible that juveniles explore new areas after fledging in
search of suitable habitat for breeding next year. Other studies show that birds, especially
failed breeders and juveniles, use public information about nesting success in the current
year by prospecting areas late in the breeding season as a cue to select breeding habitat in
the following year (Doligez et al. 2003, Betts et al. 2008). We know that juvenile
sparrows aggregate in flocks late in the breeding season, but we currently do not know
much about their movements. We hypothesize that juvenile sparrows may use
conspecific cues at this time to select suitable breeding habitat for the following year. If
this is true, we may find that juveniles disperse into our experimental plots late in the
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breeding season in response to song being broadcast from our playback stations. The
playback units continued to broadcast song daily until we removed them from the field
for the season on 18-August.
2.3.3

Measuring sparrow response

To measure the response of Cape Sable seaside sparrows to the playback stations, we
surveyed the study area by visiting 16 point count stations positioned within the control
and experimental plots (Fig. 9). Four point count stations were positioned within each
control and experimental plot. Each point count station was visited once a week during
the early part of the breeding season, and then visited once every other week as the
breeding season progressed further. We reduced our visitation schedule due to logistical
constraints; however, the amount of visits was still considered enough to detect any
sparrows that may have moved into the study plots. Researchers conducted 7-minute
surveys to detect sparrows by sight or sound within a 200m radius surrounding the survey
point. Point counts were conducted just before, or at, sunrise and were completed by
0900. Counts were discontinued when wind conditions were deemed strong enough to
interfere with normal sparrow singing behavior (approximately > 10 mph).
We used a generalized linear model (GLM) to perform a univariate analysis of
variance (ANOVA) since our study design was not balanced. The response variable in
the GLM was number of sparrows detected during point counts. Predictor variables
included the following: (1) Habitat = whether the habitat surveyed within a 200m radius
surrounding the point count station was burned, unburned or partially burned; (2)
PlaybackTreatment = whether the area surveyed within a 200m radius surrounding the point
count station was within the estimated sound-carrying radius of 500m around either
playback station; and (3) PlaybackOn/Off = whether the point count was conducted during
the period when the playback stations were turned on or off. The GLM used a nested
analysis of variance to account for the fact that the variable PlaybackOn/Off was only
included in the experimental plots that had playback stations. The GLM compared the
effect of predictor variables on sparrow abundance using an F-statistic, with an alpha
value of 0.05 to test for significance.
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Point resight information collected during our demographic study (see Section 1)
was used to analyze changes in the distribution of sparrow nests and territories in
subpopulation C in response to the conspecific playback systems. We decided to analyze
data for nests and territories separately because these data may provide different
information regarding the distribution of sparrows; nest data includes only data from
breeding sparrows while territory data includes data from nonbreeding birds (i.e. single
males). First, we analyzed the spatial configuration of sparrow nests and territories in
2008 and 2009 (before and after our conspecific attraction experiment) to look for
patterns in the distribution. We used the point data collected in our demographic study to
calculate the density of sparrow nests and territories in ArcGIS 9.3 (ESRI Inc., Redlands,
CA, USA) using the kernel density tool (Hawth’s Analysis Tools for ArcGIS, version
3.26).
Second, we used the point data to develop distributional models using a maximum
entropy approach (MAXENT software, version 3.3.1), which is a technique that has been
shown to perform quite well when data are sparse as is the case here (Elith et al. 2006).
MAXENT estimates a species’ distribution within a predefined area by finding the
probability distribution of maximum entropy (i.e. closest to uniform) subject to the
constraint that the expected value of each environmental variable (or derived feature),
and/or interactions under this target distribution, should match its empirical average
(Phillips et al. 2006). MAXENT uses known occurrence records to train explanatory
models (training data) and uses features composed of all pixels in the study area
(background data) to predict the probability distribution over environmental space outside
the training area.
We used the location of all sparrow nests found in subpopulation C during 2009
(n = 5) as training data to develop our first MAXENT distributional model (ModelNests).
We used location data for sparrow territories to develop a second MAXENT model
(ModelTerritories); however, in this instance we removed duplicate point data collected for
territorial birds on the same day to reduce autocorrelation of the training data (n = 49).
Predictor variables used in both ModelNests and ModelTerritories included the following: (1)
ED_Playback = Euclidean distance from nearest conspecific song playback station; (2)
ED_1kmBuffer = Euclidean distance from the 500m playback station sound buffer; (3)
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ED_08Nests = distance from nearest 2008 sparrow nest; and (4) Habitat = location inside
the Frog Pond fire scar (burned) or outside the fire scar (unburned). We hypothesized
that sparrow distribution would shift towards our song playback stations due to artificial
conspecific cues that we created during the early part of the breeding season. Thus, we
expected to see that the first two predictor variables (relating to the playback stations)
would contribute more towards the final MAXENT models than the other variables.
The MAXENT models were evaluated using the area under the receiver operating
characteristic curve (ROC curve). Data was partitioned and 20% of the training data was
set aside as test data to evaluate model performance. Models were evaluated based on the
area under the ROC curve (AUC), which may range from 0 – 1. A score of 1 indicates
perfect model discrimination, a score > 0.75 indicates good model discrimination, and a
score < 0.5 indicates that the model performs no better than random (Elith et al. 2006).

2.4

Results

2.4.1

Point count data

We conducted 256 point counts at 16 point count stations in subpopulation C during the
2009 sparrow breeding season (Table 5). Surveys were initiated on 3-March and the last
survey was conducted on 22-June. Each point count station was visited 11 times during
the period when the conspecific playback stations were broadcasting sparrow song (02February to 12-April) and five times during the period when the playback stations were
turned off (13-April to 2-July). We had originally planned to conduct additional point
counts during the latter part of the sparrow breeding season; however, due to logistical
constraints we decided to forego these surveys. Sparrow detections proved to be very
difficult during later surveys in subpopulation C; therefore, we felt that the limited
amount of additional data we would be able to obtain by continuing our surveys would
not outweigh the logistical costs of collecting these data. Thus, we did not conduct point
counts during the period when the conspecific playback stations were turned back on and
were again broadcasting sparrow song during the late breeding season (3-July to 18August). However, opportunistic visits to subpopulation C during this period confirmed
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that sparrow detections remained difficult during the late breeding season highlighting
the limitations of conducting point counts during this time.
Sparrow detections were low overall during our point counts (Table 5). We did
not detect multiple sparrows at any of our point count stations during any survey. Most
surveys resulted in no detections, and at only one point count station did we detect any
sparrows more than twice. This result was a function of the low sparrow density in
subpopulation C and was thus expected.
The results from our ANOVA of the point count data did not indicate any
discernable effect of habitat or playback treatment on the number of sparrow detections.
Generalized linear model results were non-significant for all predictor variables: Habitat
(F = 0.71, p = 0.49), PlaybackTreatment (F = 2.86, p = 0.09), and PlaybackOn/Off (F = 0.31, p
= 0.58).
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Table 5. Summary data for all sparrow point counts conducted in subpopulation C during
the 2009 breeding season. Each point count station was surveyed 16 times in 2009
between 03-March and 22-June: 11 surveys were conducted during the period when the
conspecific playback stations were broadcasting song (02-February to 12-April) and five
times during the period when the playback stations were turned off (13-April to 2-July).

Sparrow Detectionsa
# Cts

# Cts

Max

ON

OFF

Point ID

Habitatb

Playbackc

BURN 13

Burned

No Playback

0

0

0

BURN 14

Burned

No Playback

0

0

0

BURN 15

Burned

No Playback

1

2

0

BURN 16

Burned

No Playback

1

1

0

CSSS 10

Unburned

No Playback

0

0

0

CSSS 11

Unburned

No Playback

1

7

2

CSSS 12

Unburned

No Playback

0

0

0

CSSS 9

Unburned

No Playback

0

0

0

PLAYBACK 1

Unburned

Playback

0

0

0

PLAYBACK 2

Partially Burned

Playback

1

1

0

PLAYBACK 3

Partially Burned

Playback

0

0

0

PLAYBACK 4

Unburned

Playback

0

0

0

PLAYBACK 5

Partially Burned

Playback

1

0

1

PLAYBACK 6

Burned

Playback

0

0

0

PLAYBACK 7

Burned

Playback

1

0

2

PLAYBACK 8

Partially Burned

Playback

0

0

0

a

Sparrow detection data: Max = maximum number of sparrows detected on any point count; # Cts ON = number of

point counts where any sparrows were detected while playback stations were broadcasting song; # Cts OFF = number
of point counts where any sparrows were detected while playback stations were turned off.
b

Habitat is a predictor variable indicating whether the habitat surveyed within a 200 m radius surrounding the point

count station was burned, unburned or partially burned.
c

Playback is a predictor variable indicating whether the area surveyed within a 200 m radius surrounding the point

count station was within the estimated sound-carrying radius of 500 m around either playback station.
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2.4.2

Distributional data

Data collected during our demographic study in subpopulation C showed that there was a
general shift in the locations of sparrow nests and territories between the 2008 and 2009
breeding seasons (Fig. 10). Sparrow nests were located further east in 2009, closer to
both the burned area in the Frog Pond fire scar and our conspecific playback stations.
Sparrow territories (breeding pairs and non-breeding males) were more spread out in
2009 than in 2008, and were distributed over a larger area than sparrow nests in 2009.
Sparrow territories were distributed over an area > 2.5 km in 2009, compared to an area <
1 km in 2008, and exhibited a shift eastward similar to the shift in nest locations.

Figure 10. Distribution map of sparrow nests and territories in subpopulation C during
the 2008 – 2009 breeding seasons. A sparrow distributional map was superimposed over
the conspecific attraction experimental design map (Fig. 9) to show the location of nests
and territories in relation to the playback stations and point count stations.
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The GPS point data collected during our demographic study in subpopulation C
was used to create kernel density plots for sparrow territories in 2008 and 2009 providing
another way to illustrate changes in sparrow distribution between years (Fig.11).
Inspection of the kernel density plots provided a better visual interpretation of the shift in
the distribution of sparrow territories between 2008 and 2009. In these plots, the redder
areas represent higher-density areas and dark blue areas represent areas with no sparrows.
The density of sparrow detections clearly shifted towards both the burned area in the Frog
Pond fire scar and our conspecific playback stations in 2009. However, the kernel
density plots did not offer any information as to which variable(s) contributed most
towards this distributional shift. This is where the MAXENT distributional model comes
into play (Section 2.4.3).
Before discussing the results of our MAXENT model, it is worth discussing one
additional result from the visual inspection of our kernel density plots. Further inspection
of the kernel density plot for 2009 (Fig. 11b) showed that the distribution of sparrow
territories was skewed towards the northwest away from the conspecific playback
stations. This skew follows the general direction of the prevailing winds in the Florida
Everglades during the sparrow breeding season (indicated by the black arrow). It is
possible that this result was caused by an increased amount of song playback being heard
in this direction as sound carried with the wind. Although this is just speculation, we did
note that the playback stations could be heard at much greater distances downwind from
the stations, sometimes at distances as far away as 2km in strong wind conditions. Often,
the playback stations could be heard at a distance of 1km, which meant that sound
generally carried farther than the 500m that we originally estimated.
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(b)

(a)

Figure 11. Kernel density estimates of sparrow territories in subpopulation C during the
(a) 2008 and (b) 2009 breeding seasons. Kernel density maps were superimposed over
the conspecific attraction experimental design map (Fig. 9) to show shift in territory
kernel density from 2008 – 2009 in relation to the playback stations. Kernel density map
for 2009 includes a black arrow representing the direction of the prevailing wind (EastSoutheast) in the Florida Everglades during the sparrow breeding season.

2.4.3 MAXENT model
Both MAXENT distributional models (ModelTerritories and ModelNests) performed very
well; each exhibited good discrimination ability based on analyses of the training data
(AUCTerritories = 0.98 and AUCNests = 0.99). Analyses with test data also exhibited good
discrimination ability (AUCTerritories = 0.99 and AUCNests = 0.98). Thus, both models do a
good job predicting the distribution of sparrows based on the predictor variables used to
construct the models. The variables that contributed most towards explaining the
distribution of sparrow territories or nests were the same (proximity to playback sound –
ED_1kmBuffer, and proximity to 2008 nests – ED_08Nests); however, their relative
percent contribution towards each MAXENT model was different (Table 6).
The heuristic estimate of variable contributions for ModelTerritories indicated that
the predictor variable representing proximity to playback sound (ED_1kmBuffer)
contributed most towards explaining the distribution of sparrow territories in 2009 (Table
6). In other words, sparrows seemed to preferentially establish territories in areas where
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song broadcast from the conspecific playback stations could be heard. However, the
predictor variable representing the distance from the nearest 2008 nest (ED_08Nests) also
contributed substantially towards the final MAXENT distribution. This result means that
sparrows also established territories near the area where birds nested in the previous year.
MAXENT provides an additional jackknife test of variable importance and this test
indicated that the predictor variable ED_08Nests appeared to provide the most useful
information, trumping the predictor variable ED_1kmBuffer.
The heuristic estimate of variable contributions for ModelNests also indicated that
the predictor variable ED_1kmBuffer contributed most towards explaining the
distribution of sparrows in 2009. The predictor variable ED_08Nests also contributed
towards the MAXENT distribution in this model, but to a lesser degree. The jackknife
test of variable importance in this instance indicated that the variable ED_1kmBuffer
provided the most useful information when used in a model that included only this
variable, verifying the importance of this variable for ModelNests. However, again there
was some indication by the jackknife test that the variable ED_08Nests provided very
useful information based on a model that removed this variable.
Interestingly, the predictor variables Habitat and ED_Playback did not provide
much information about the distribution of sparrow nests or territories. These variables
had a very low contribution in ModelTerritories and no contribution in ModelNests. Thus,
proximity to the area where sound from the playback stations could be heard was a better
predictor of sparrow distribution than proximity to the playback stations themselves.
Additionally, whether the habitat was inside the Frog Pond fire scar (burned) or outside
the fire scar (unburned) did not matter since this variable did not contribute much towards
the distributional models.
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Table 6. Heuristic estimate of variable contributions towards the final MAXENT
distributional models developed using training data based on either territory location
(ModelTerritories) or nest location (ModelNests).

Percent Contribution
Predictor Variablea

ModelTerritories ModelNests

ED_1kmBuffer

46.7

67.0

ED_08Nests

43.0

33.0

Habitat

6.8

0.0

ED_Playback

3.5

0.0

a

Predictor variables that contributed towards the final MAXENT

distributional models: ED_1kmBuffer = Euclidean distance from playback
sound buffer; ED_08Nests = distance from nearest 2008 nest; Habitat =
location inside the Frog Pond fire scar (burned) or outside the fire scar
(unburned); ED_Playback = Euclidean distance from nearest playback
station.

2.5

Conclusion

Our major findings from our conspecific attraction experiment were that: (1) we
successfully trialed the use of a conspecific playback system that we designed
specifically to broadcast Cape Sable seaside sparrow song under the harsh environmental
conditions of the Florida Everglades, (2) we observed evidence that Cape Sable seaside
sparrows are using conspecific cues to some degree in the selection of breeding habitat,
and (3) we documented that sparrows appear to respond to song playback as an artificial
conspecific cue for habitat selection. The last finding has major management
implications if it holds true in further experimental tests since conspecific playback may
be used to encourage dispersal and recruitment of sparrows into currently unoccupied but
suitable breeding habitat.
Our principle goal was satisfied this year in that we successfully field-tested the
conspecific playback system we designed in 2008. Once initial bugs were worked out of
the system, the playback units operated without any problems for the duration of our
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study. We had been worried about overheating, condensation, and exposure to water as
the wet season began. However, our design handled the harsh environmental conditions
in the Everglades very well. The playback units were easy to setup and breakdown, and
were compact enough that they could be easily transported to remote field locations via
helicopter in a single flight. Overall, the playback units functioned as expected
broadcasting song only when programmed (3 hr intervals each morning). The playback
units did broadcast song over a larger area than originally estimated, with sound traveling
up to 1km under moderate wind conditions, which was further than the 500m we
estimated in our design. This result is a good one in that one unit can affect more area
than we had anticipated; we just need to take this into consideration in the design of
future conspecific attraction experiments.
Data collected using point counts proved to be a relatively ineffective for
measuring the response of sparrows to conspecific song playback. Our ANOVA of point
count data did show a non-significant response to the playback stations, however,
suggesting that the abundance of sparrows in an area might be increased by the use of
artificial song playback. Although this method has been used successfully to measure
response in other conspecific attraction experiments, the low density of sparrows in
subpopulation C likely contributed to our inability to detect statistically significant
responses. Our point count data was sparse since detections were very limited. This
situation may always be true in attempts to measure Cape Sable seaside sparrow response
to conspecific song playback in the smallest sparrow subpopulations. We anticipated this
problem to some extent and thus we used other methods to measure sparrow response in
our study. These alternatives proved more useful and we will continue to develop these
in the future.
Examination of the distribution of sparrow nests and territories using kernel
density plots provided a good visual interpretation of sparrow response to the conspecific
playback stations. Sparrow distribution appeared to shift towards the conspecific
playback stations, and was skewed towards the northwest away from the stations. It is
possible that song from the playback stations carried farther in the direction of the
prevailing winds in the Everglades (East-Southeast) leading to this skewed distribution.
We documented that song from the conspecific playback stations carried up to 1km (or
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farther) so sparrows may have been able to hear the artificial vocal cues from the stations
over a larger area than expected. This analysis provides some evidence that sparrows
may be responding to conspecific song playback. However, visual interpretation of
distributional maps does not provide strong evidence of causal effects (Fielding 2002). It
remains possible that other factors such as habitat characteristics or natural vocal cues
from conspecifics (e.g. song from breeding males in the previous year) could be greater
influences on the distribution. Still, comparison of the kernel density plots from 2008
and 2009 does suggest that sparrows are responding to some degree to our conspecific
song playback.
The results of our MAXENT models provide stronger evidence that sparrows
were indeed responding to the song playback that we broadcast in our conspecific
attraction experiment. The results of both MAXENT models (ModelTerritories and
ModelNests) were clear: Cape Sable seaside sparrow distribution in subpopulation C could
be predicted at least in part by the playback of conspecific song. However, the relative
strength of the explanatory variables towards predicting the distribution was less clear.
Predictor variables for proximity to song playback (ED_1kmBuffer) and distance from
2008 nests (ED_08Nests) were both important variables in ModelTerritories and ModelNests.
In ModelTerritories, it appeared that the distance from 2008 nests influenced sparrow
distribution to a greater degree than proximity to song playback. In ModelNests, however,
the signal from the predictor variable for proximity to song playback had more strength.
One explanation for this could be that male sparrows rely more on natural conspecific
song at the end of the breeding season as a cue for habitat selection in the following
season, while female sparrows rely more on conspecific cues from the current breeding
season (here both natural and artificial song were available) for habitat selection.
Different types of conspecific information are used by male and female mountain
bluebirds (Sialia currucoides) providing support that this explanation is plausible (Citta
and Lindberg 2007). ModelTerritories included training data for territorial male sparrows
that did not nest in 2009; therefore, this model should be expected to be more influenced
by the variable for distance from 2008 nests under this hypothesis. ModelNests should also
be expected to be more influenced by current year song, including artificial song from
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our conspecific playback stations, which would explain the greater importance of this
variable in this model.
While our conspecific attraction experiment provides some evidence that Cape
Sable seaside sparrows use conspecific cues to select breeding habitat more work is
needed to better understand this process. We do not yet know if sparrows are using
conspecific song at the end of the breeding season as public information about
reproductive success, or at the beginning of the breeding season as information about
habitat quality based on conspecific presence; or some combination of these as a cue for
selecting suitable breeding habitat. Further, due to our small sample size in
subpopulation C and the poor reproductive performance in 2009, we were unable to learn
anything about the use of conspecific cues by juvenile sparrows during dispersal after
fledging (no juveniles fledged in subpopulation C in 2009) or about dispersal of failed
breeders, both of which are the most likely individuals to respond to late-breeding season
conspecific cues (Brown et al. 2000, Hahn and Silverman 2006). We also need to better
incorporate habitat variables into future distributional models, or at least better control for
them between experimental plots to remove their effect on sparrow distribution. We did
observe that our habitat variable for burned versus unburned habitat in our study area did
not influence sparrow distribution in either model; however, we did not include other
habitat variables (e.g., vegetation structure) in our models nor did we measure these
variables to ensure that control and experimental plots were homogeneous.
Our results should be considered preliminary since they are based on a limited
amount of data collected from a single sparrow subpopulation in a single breeding
season. Still, our preliminary results are promising. If conspecific attraction is indeed
strong in the Cape Sable seaside sparrow, using conspecific song playback may be a
viable management option for encouraging recruitment into existing subpopulations to
boost density, or to encourage dispersal into new areas thus increasing the total number
of subpopulations in the sparrow metapopulation. Both of these scenarios would
decrease extinction risk for the Cape Sable seaside sparrow. The removal of behavioral
constraints on dispersal could decrease extinction risk by promoting both emigration and
settlement of sparrows (Reed 1999). Encouraging additional recruitment into existing
small sparrow subpopulations might also ameliorate Allee effects and increase fitness.
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As habitat restoration advances in the Florida Everglades additional patches of
marl prairie may become available for the Cape Sable seaside sparrow, but these patches
may not be colonized by sparrows due to the limitations of conspecific attraction. At this
time, it seems prudent to ensure the continued persistence of all small subpopulations not
only to spread out the risks associated with stochastic events, but also to allow these
subpopulations to function as patches where natural conspecific attraction could result in
future recruitment into both these habitats and to act as potential stepping-stone patches
towards newly restored habitat.
Based on our results in 2009, we make the following management
recommendations:
1. We recommend that the effects of conspecific attraction be incorporated into
Cape Sable seaside sparrow conservation plans and population models.
Incorporating behavior into sparrow models may be critical since all suitable
habitat that is available may not be colonized due to the lack of conspecifics.
This effect could lead to over-estimating the potential habitat expected to hold
sparrows. Also, if sparrows are to be reintroduced into habitat it is important
to know if behavioral cues are necessary to encourage settlement and
breeding. Otherwise, putting sparrows in habitat without conspecifics could
result in automatic rejection of this habitat by the introduced birds wasting the
effort involved in translocations.
2. We recommend a continuation of conspecific attraction experiments with the
Cape Sable seaside sparrow to gain a better understanding of its strength in
affecting dispersal and recruitment. However, we suggest conducting future
experiments in subpopulation A rather than subpopulation C for several
reasons. First, although subpopulation A is considered one of the small
sparrow subpopulations, in 2009 we found that sparrow density was higher
there than in subpopulation C. Therefore, conducting future experiments in
this location will provide more data enabling us to better analyze the response
of sparrows to conspecific song playback. Second, we already plan to conduct
intensive demographic monitoring in subpopulation A due to interest in the
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status of this subpopulation. Thus, we will be able to incorporate these data
into our conspecific data analyses and maximize our resources. Finally, by
moving our experiment into subpopulation A we will be able to better control
for habitat between our experimental and control plots by removing the fire
component, which cannot be avoided in subpopulation C.
3. Although we are suggesting moving our conspecific attraction experiment into
subpopulation A going forward, we still recommend collecting distributional
data on sparrows in subpopulation C in 2010. Since we broadcasted sparrow
song from our playback stations in subpopulation C late in the breeding
season in 2009, it would be useful to know if the sparrow distribution in 2010
shifts towards our playback stations. Such a result would indicate that Cape
Sable seaside sparrows are using song late in the breeding season as a cue to
select habitat the following year.
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Abstract. In the Florida Everglades the endangered Cape Sable seaside sparrow,
Ammodramus maritimus mirabilis, suffers high nest predation rates. Management
intervention in the form of predator exclosure fences may help increase nest survival, and
in the long-term, sparrow recovery. Here, we trial the acceptance and success of predator
exclosure fences at sparrow nests during the 2008 breeding season. We surrounded six
sparrow nests with aluminum flashing but only one female willingly returned to her nest,
and successfully fledged. We removed the other five fences after an hour when the
females had failed to return. We were unable to test the fences effectiveness at excluding
predators as three of the pairs that rejected fences also successfully fledged their nests.
With such low fence acceptance, we do not recommend managers further pursue the use
of protective nest barriers for this species.

Habitat protection and restoration are often the first step in managing an
endangered species. While habitat preservation may prevent short-term extinction risk, in
many circumstances, further conservation action is required. Avian conservation
routinely implements the use of lethal predator control and nest protection as
management tools owing to high nest predation rates suffered by many species. Lethal
control practices, although effective in some situations (e.g. Innes et al. 1999, Powlesland
et al. 1999, Moorhouse et al. 2003), can invoke a negative public response, particularly
when the predator itself is native or threatened (e.g. Roemer and Wayne 2003). A
common, non-lethal method employed to reduce nest predation is the protection of the
nest site via electric fences, cages or barriers (Post and Greenlaw 1989, Vaske et al. 1994,
Johnson and Oring 2002, Murphy et al. 2003a, Isaksson et al. 2007).
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The federally endangered Cape Sable seaside sparrow (Ammodramus maritimus
mirabilis) suffers high nest predation, with nests initiated late in the breeding season
rarely succeeding (Baiser et al. 2008). These late-season nests are important for
population recovery (Lockwood et al. 2001), therefore implementing management
practices that assist sparrow nest survival in the short-term seem critical in helping
conserve this species. Typically, managers construct predator exclosure barriers from
different sized wire-mesh to exclude medium to large sized nest predators of shorebirds
(see Table 1: Johnson and Oring 2002). Exclosures can cause high adult mortality by
reducing escape times for species that sit-tight on eggs, and several nest predators (e.g.
jaegers) learn to associate exclosures with food rewards (Johnson and Oring 2002,
Murphy et al. 2003b, Niehaus et al. 2004, Isaksson et al. 2007). For these reasons, it is
important to discern nest predator identity and species incubation behavior before
implementing any predator exclusion techniques.
Through incidental observations we know rice rats (Oryzomys palustris) and
water moccasins (Agkistrodon piscivorus) are predators of adult sparrows and their nests
(Dean and Morrison 1998), and are unlikely to be excluded with wire-mesh barriers.
Fortunately, Post and Greenlaw (1989) developed effective metal fences to exclude these
types of small nest predators from seaside sparrow nests (the nominate race of the Cape
Sable seaside sparrow, Ammodramus maritimus) in Florida salt marshes. Here we
examine the willingness of Cape Sable seaside sparrows to accept similarly constructed
predator exclosure fences positioned around nest sites and their effectiveness as a
management tool to increase sparrow nest survival.
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METHODS
STUDY SITE AND SPECIES
We trialed the use of aluminum flashing fences to protect Cape Sable seaside
sparrow nests from small-ground nest predators (mammalian and reptilian) within
subpopulation B, situated along Main Park Road, Everglades National Park, Florida.
Subpopulation B is the largest and most stable of the six extant sparrow subpopulations
(for further description of site see Pimm et al. 2002). Logistically this subpopulation was
ideal for the trial as it was relatively accessible, and high sparrow densities provided an
ample number of nesting pairs. During April and May 2008, we searched for sparrow
nests in the 0.5 km2 Dog Leg and Alligator Hammock plots by observing the behavior of
both male and female sparrows on each breeding territory. All nests found were marked
with a surveyor flag situated 2 m on either side of the nest. Typically, we discovered
nests during incubation and extrapolated laying dates from known hatch dates. We
attempted to assign fences to nests randomly; however, a nest’s distance from the road
(placing the exclosure required carrying heavy equipment in the marsh) and nesting stage
sometimes determined assignment. We monitored unexclosed nests on adjoining
territories to test the effectiveness of the fences at increasing nest survival.

FENCE DESIGN
We modified a fence design originally described by Post and Greenlaw (1989) in
an attempt to reduce the risk of nest abandonment and adult mortality. We constructed
fences from White and Brown Aluminum Trim Coil 24" x 50' (Aubuchon Hardware
Store). We cut each roll in half resulting in a fence with an approximate 2.4 m diameter
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(~7.6 m circumference) and 0.6 m height (Fig. 1a). Due to extremely strong winds often
associated with afternoon thunderstorms, we attempted to push the fences 5-6 cm into the
substrate. In areas of dense sawgrass (Cladium mariscus jamaicense) this was difficult, so
we ‘cut-a-line’ around the edge of the fences using a small flat spade to aid burial. We
further stabilized the fences with 5-6 wooden stakes (2.5 cm diameter) from inside the
fence, preventing predators scaling the fence from the outside. An L-bracket was screwed
to the top of each stake to help hold down the aluminum flashing (Fig. 1b). We used
duct-tape to close-off the fence and flattened any vegetation that could serve as a
predator-bridge on the outside of the fence.

FENCE POSITIONING PROTOCOL
The use of predator-exclosure fences requires much closer association with
sparrow nests than any other previous research for this species. Before we positioned a
fence around an active sparrow nest, we thus tested whether the aluminum flashing
significantly increased the temperature at the nest site; possibly due to the obstruction of
wind or heating of the aluminum. We positioned two iButtons (Thermochrom iButton
model DS1921G, Maxim Integrated Product) inside the fence and four iButtons outside
the fence (positioned N, S, E and W), recording ambient temperature every 15 min over
three days. The iButton positioned on the south side of the fence did not record properly
and was not included in the below comparison.
Our greatest concern was whether the adults associated with fenced nests would
continue to attend their nests. To minimize abandonment we followed a gradual
procedure of placing the exclosure around a nest, and monitored the response of the
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adults to our actions. After we assigned a nest to receive a fence, we positioned the
structure somewhere between 5-50 m of the active nest, but not around the nest. These
setups generally look five min. We left the fence in this position for one day to allow the
birds to habituate to the structure. We then placed the fence around the nest, but left a
small gap (0.3 m) and the vegetation undisturbed, allowing the birds to enter the nest via
walking along the ground, which is a common behavior for this species. This setup took
7-11 min. After confirming acceptance at this step we closed the gap (duct-tape) the
following day, pushed the fence into the substrate, positioned stakes and flattened the
outside vegetation (10 min setup). Again, we confirmed acceptance of the fence by the
attending adults at this step.
We monitored the sparrows’ response to the fence from ~100 m with binoculars.
We continued to monitor the nest until the sparrows exhibited normal nest attendance
behaviour. However, if after one hour the parental birds were still obviously upset (i.e.
alarm calling, female would not return to the nest to incubate), we quickly removed the
fence and immediately left the area. This monitoring and removal protocol complied with
our Federal Fish and Wildlife permit restrictions.

RESULTS
Positioning aluminum flashing around a sparrow nest did not adversely elevate
ambient nest temperatures. In general, the average temperatures of the two iButtons
within the fence were similar to those positioned outside. Inside fence temperatures were
0.01°C (SD 1.30) and 1.26°C (SD 1.65) cooler than the northern and western iButton
respectively, and 0.44°C (SD 1.31) warmer than the eastern iButton. The maximum and
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minimum differences between the inside and outside iButtons were 3.0 and -4.8°C
(northern), 3.5 and -5.0°C (eastern), and 4.0 and -8.8°C (western).
We installed predator-exclosure fences around six sparrow nests during the 2008
breeding season, one with day-old nestlings and five with eggs. Of these six nests, only
one female was willing to return to the nest and incubate after we positioned the structure
around her nest. The fence was removed 14 days later when the two nestlings fledged.
The other five females would not return once the fence encircled their nest, forcing us to
remove the structure. None of these four females abandoned their nests and instead
returned to their nests after we removed the fence. We were unable to confirm if one
female returned to her nest because the nest had failed when we checked its contents the
following day. Of the other four nests, three successfully fledged and one failed six days
after the fence trial ended.
All females tolerated the fence on their territory, even when we positioned it only
2-10 m from their active nest. When we encircled the nest, the female (and the male in
two cases) generally reappeared within 15 min obviously upset, chipping and flying close
to the fence. Despite their nervousness, they sat relatively close to the fence, sometimes
even flying over it. Their unease appeared to come from the confinement the encircling
fence imposed. The one female who accepted the fence returned within 5 min of
construction and after 25 min dropped inside the fence from a nearby stem of sawgrass,
despite us leaving a gap within the fence.
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DISCUSSION
Through April-May 2008, we addressed one of the recommendations made by the
scientific panel during the Everglades Avian Ecology Workshop (SEI 2007), whereby we
attempted to improve Cape Sable seaside sparrow nest survival by deploying predatorexclosure fences. The unwillingness of females to return to their nests after exclosure
hampered our ability to examine the success of this method. Throughout the trial, we
changed fence positioning in a number of ways, attempting to understand which aspect of
the protocol the female disliked. However, because only one female accepted the fence, it
is difficult to evaluate what this feature was. We suggest that acceptance was more likely
dependant on an individual female’s willingness to tolerate the structure. We do not
recommend that nest exclosures be pursued any further in the management of this
species. This procedure is not an effective management option due to the extremely low
acceptance rate of parental sparrows, and the amount of time and labor involved in
deploying the structures. It took three days to fully enclose a single nest (Day 1, locate
nest and move fence onto territory 2-4 h; Day 2 position fence around nest 1-2 h; Day 3
close gap in fence and flatten vegetation 1-2 h). Because we need to carry out all of these
activities from 0700-1100, the procedure cannot be achieved any quicker. With two fulltime experienced researchers, and given the observed female acceptance rate, we estimate
it would take 6-8 days to protect successfully a single nest. Given an acceptance ratio of
1:6, such an expenditure of effort will never bring about large increases in sparrow
numbers. Finally, we do not know if the fences are capable of protecting a nest from
predators because the single nest that fledged was during a period when nearly all nearby
nests were successful regardless of being fenced.
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With the documented acceptance of similar fences by A. maritimus, we had not
anticipated such an adverse reaction by A. m. mirabilis. This experiment highlights the
need for stringent contingency plans when working with endangered species and the need
to test thoroughly any management action that has the potential to modify individual
behavior.
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Figure legend

Figure 1. (a) Small-ground predator exclosure fences made from aluminum
flashing to protect Cape Sable seaside sparrow nests in the Florida Everglades 2008, and
(b) L-bracket attached to wooden stake to hold down aluminum flashing during high
winds.
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4.0

SPARROW SURVIVAL

The below reprint is from the Journal of Wildlife Management and represents the final
form of our joint sparrow survival analysis with the research group of Dr. Stuart Pimm.
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