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Abstract. Artificially creating social stimuli may be an effective tool for facilitating
settlement by rare and/or declining species into suitable habitat. However, the potential
consequences for other community members have not been explored and should be considered
when evaluating the overall utility of using such management strategies. I report on nontarget,
community-wide effects that occurred when manipulating social cues of two competitors that
are species of concern in the western United States, the dominant Least Flycatcher
(Empidonax minimus) and the subordinate American Redstart (Setophaga ruticilla). The
experiment consisted of surveying birds during a pretreatment year, which allows for the
control of baseline communities, and a treatment year, in which treatments were applied just
prior to settlement by migratory birds. Treatments included broadcasting songs of flycatchers
and redstarts and were compared to controls. While the addition of redstart cues did not
significantly influence community structure, the addition of flycatcher cues reduced species
richness of migratory birds by ;30%. This pattern was driven by an absence of local
colonizations of small-bodied migrants to sites with added flycatcher cues, rather than by local
extinctions occurring from manipulations. The artificial flycatcher stimuli were more
responsible for declines in species richness than were changes in actual flycatcher densities. I
conclude by identifying some fundamental issues that managers and conservation
practitioners should weigh when considering simulating social cues for species conservation
prior to implementation.

Key words: American Redstart; competition; conspecific attraction; Empidonax minimus; hetero-
specific attraction; heterospecific avoidance; inadvertent social information; indirect effect; Least Flycatcher;
metacommunity; Setophaga ruticilla.

INTRODUCTION

Many conservation and management strategies focus

on protecting and/or restoring habitat for species that

are declining (Holl et al. 2003), have special ecosystem

services (Power et al. 1996), or act as umbrellas for an

entire community (Fleishman et al. 2001). An implicit

assumption in most of these strategies is that when

habitat is restored or protected on the landscape, plants

and animals will respond to such habitats by occupying

those areas. Although habitat-based strategies are often

effective, there are many situations in which apparently

suitable habitats remain unoccupied (e.g., Reed and

Levine 2005). One approach for facilitating occupancy

to habitats that remain unoccupied is to simulate social

cues of species of interest, such as providing decoys to

local areas (Parker et al. 2007), applying chemical cues

(Gautier et al. 2006), or broadcasting vocalizations

(Swanson et al. 2007). While these approaches can

increase local population density, unintended conse-

quences may arise. Here I investigate the potential for

nontarget effects to occur on other members of the

community via a decline in species richness and whether

effects are unique relative to effects that may arise from

changes in actual densities of the targeted species. This

study highlights ways in which nontarget effects may

occur and identifies some fundamental issues that should

be considered when evaluating the overall utility of

using these approaches relative to other management

techniques.

Simulating social cues as a management tool rests on

the hypothesis that animals use this ‘‘social information’’

(sensu Danchin et al. 2004) as a positive proximate

stimulus in settlement decisions. Such behaviors have

been termed ‘‘conspecific’’ and ‘‘heterospecific attrac-

tion’’ (Stamps 1988, Mönkkönen et al. 1990). Because

there is accumulating experimental evidence across a

wide diversity of taxa that many animals do indeed use

social cues to elicit settlement (Stamps 1988, Muller

1998, Hahn and Silverman 2006, Seppänen et al. 2007),

manipulating social cues for conservation purposes

holds much potential for a variety of species. For

example, Ward and Schlossberg (2004) recently manip-

ulated song of the endangered Black-capped Vireo

(Vireo atricapilla), which resulted in colonization by

vireos to unoccupied habitat and substantial increases in
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vireo population size in patches previously occupied at

low densities.

While manipulating social cues to facilitate settlement

into suitable habitat may provide a valuable comple-

ment to habitat-based management strategies, we

currently know little about the overall consequences of

using these tools. Manipulating social cues could have

unintended effects in a few general ways. First,

managers may actually draw individuals into low-

quality habitats, where reproductive performance or

survival is low (Schlossberg and Ward 2004, Ahlering

and Faaborg 2006). Second, nontarget community

effects could occur, in which other species respond to

artificial cues, with some heterospecifics (e.g., competi-

tors) potentially avoiding manipulated sites (Fletcher

2007). Third, other nontarget community effects could

also occur, such as unwanted heterospecifics (e.g.,

invasives) potentially being attracted to manipulated

sites. Nontarget community effects might sometimes be

acceptable, such as in areas where the targeted species

were known to formerly occur, but often manipulations

are simply used in locations that appear suitable but

currently contain few or no individuals (Ward and

Schlossberg 2004, Ahlering et al. 2006, Hahn and

Silverman 2006, 2007, Fletcher 2007). Although non-

target community effects from other management

strategies are increasingly being identified and under-

stood (Louda et al. 2003, Mills and Semlitsch 2004,

Pearson and Callaway 2005, White 2006), the potential

nontarget, community effects from social-cue manipu-

lation are unknown.

Potential community effects from social-cue manipu-

lation may occur from heterospecific attraction or

avoidance by other members of the community. The

likelihood of attraction or avoidance may depend on the

information contained within the manipulated cues. For

instance, migratory juvenile fish (Galaxias maculates)

were attracted to odors of adult congeners during choice

experiments, which may have occurred because odors

are used as indicators of suitable habitat (Baker and

Hicks 2003). Other work on northern bird communities

has also provided some evidence for heterospecific

attraction (Mönkkönen et al. 1990, Elmberg et al.

1997). However, most ecological theory assumes that

interspecific competition is pervasive in communities

(e.g., Morris 2003, Leibold et al. 2004, Orrock and

Fletcher 2005), which suggests that heterospecific

avoidance may be more common (e.g., Danielson and

Gaines 1987). If heterospecific avoidance does indeed

occur from the artificial addition of social cues, such

conservation approaches may have unintended impacts

on community dynamics by reducing community

diversity. A key component to interpreting the impor-

tance of such nontarget effects will be understanding

whether potential effects from cue manipulations are

unique relative to changes in actual densities of species

of interest that may occur with this or other manage-

ment strategies.

I report on heterospecific avoidance that may occur

by other members of the community when manipulating
social cues for conservation efforts, resulting in potential

declines of species richness in managed areas. Species
richness is a metric often used for monitoring population

trends, interpreting management activities, and under-
standing the effects of anthropogenic change (Damschen
et al. 2006, Kery and Schmid 2006, Brudvig et al. 2007),

because it is closely related to local biodiversity. I
designed a large-scale experiment to test for the use of

social cues by two competitors that are species of
concern in the western United States, the dominant

Least Flycatcher (Empidonax minimus; see Plate 1) and
the subordinate American Redstart (Setophaga ruticilla),

and to determine the potential community changes that
occur with manipulations (see Fletcher [2007] for results

on target species). Both species are confined to breeding
in riparian forest habitats in the western United States,

which make up ,1% of total land area and yet harbor a
large number of species (Knopf et al. 1988). These

species have undergone significant population declines
throughout the continental United States, including the

western region, based on the Breeding Bird Survey
(Sauer et al. 2006). I predicted that the addition of
flycatcher cues would result in declines in species

richness, because the Least Flycatcher is widely known
to engage in aggressive interactions with many bird

species (Briskie 1994), whereas the addition of redstart
cues would have little to no effects on community

structure. I estimate these effects, identify the commu-
nity changes leading to the effects, and discuss their

implications for conservation strategies based on social
cue manipulation.

METHODS

Study area

The study occurred within 25 deciduous riparian

patches in Montana along ;150 km of the Madison and
Upper Missouri Rivers, May–July, 2003–2005. Riparian

areas were dominated by narrowleaf cottonwood
(Populus angustifolia) and a variety of willow species

(e.g., Salix amygdaloides). Other tree and shrub species
included water birch (Betula occidentalis), mountain

alder (Alnus incana), rose (Rosa spp.), and snowberry
(Symphoricarpos albus).

Experimental design

I used a song playback experiment to test for effects of
manipulating social cues on habitat selection and

community dynamics (see Fletcher 2007). Manipulating
songs of each target species to change social cues within

plots is a powerful and appropriate method because
both species sing often and breed in forests with
substantial sub-canopy structure, which limits the

availability of visual cues (Briskie 1994, Sherry and
Holmes 1997).

The experimental design consisted of comparing
habitat use in pretreatment years to treatment years
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over two paired-year combinations, 2003–2004 (n ¼ 6

patches) and 2004–2005 (n ¼ 19 patches). This paired

design allows for the control of pretreatment community

structure within sites. I considered individual point

count locations (50-m fixed radius; 0.79 ha) in different

riparian patches (‘‘plots’’ hereafter) as the sampling unit

(see also Nocera et al. 2006). In 2003, six plots were

chosen to span a gradient of sub-canopy structure, as

part of a larger study on riparian bird productivity. All

six plots were used in the 2003–2004 paired combina-

tion. To select plots used for the 2004–2005 paired

combination, I identified plots with suitable vegetation,

based on the occurrence of each target species from a

larger random sample of 72 plots that fell within the

study area used here (Fletcher 2007). Based on suitable

vegetation characteristics, 19 plots within the study area

were randomly selected. All plots were .500 m apart.

The experiment consisted of two treatments, flycatch-

er playback plots (n ¼ 2 in 2003–2004; n ¼ 5 in 2004–

2005) and redstart playback plots (n ¼ 2 in 2003–2004;

n¼ 5 in 2004–2005), and control plots in which no bird

songs were manipulated (n ¼ 2 in 2003–2004; n ¼ 9 in

2004–2005). Control plots estimated natural annual

variation in community structure. Based on pretreat-

ment year abundance of flycatchers, I stratified plots

into three categories: (1) no detections of flycatchers

(unoccupied), (2) 1–2 detections (low-density plots), and

(3) .2 detections (high-density plots). Once stratified,

flycatcher treatments were randomly applied to three

unoccupied plots, two low-density plots, and three high-

density plots. Redstart treatments were randomly

applied to remaining plots and were not stratified by

pretreatment redstart abundance because redstarts

occurred only in 33% of the plots at the start of the

study (Fletcher 2007). This design was used to ensure

that flycatcher treatments spanned the range of natural

densities to assess whether density influences the

strength of conspecific attraction (Fletcher 2007).

Each treatment consisted of two playback stations

located on the periphery of the plots (100–120 m apart),

with each station pointed toward the center of the study

plot (where point counts were conducted). Playbacks

commenced on 5 May in 2004 and 1 May in 2005 and

continued daily until 7–10 July (see also Ward and

Schlossberg 2004). I continued playbacks throughout

the breeding season because males sing throughout this

period (Briskie 1994, Sherry and Holmes 1997) and

some migratory songbirds may move within the

breeding season after nest failure (Fletcher et al. 2006).

Each playback station consisted of a portable stereo

mounted 1–2 m up a tree or shrub, wired to a timer and

a deep-cycle marine battery. Stereos broadcasted songs

of local dialects recorded in Montana at full volume

(;90 dB) from a compact disc (CD) from 04:00 to 10:00

each day (see also Ward and Schlossberg 2004). Each

CD contained 60 min of song tracks and 5 min of silent

tracks in a random order, with timers shutting down the

system for 5 min between broadcasts of the entire CD.

To estimate avian community structure during the

breeding season, each plot was surveyed once during

two periods each year: 1 June–15 June and 16 June–10

July. I used 10-min, 50-m fixed-radius point counts for

surveying birds (cf. Nocera et al. 2006), with one point

count location centered in each plot. Before surveys,

observers turned off portable stereos. During surveys,

observers recorded all birds seen or heard. To ensure

accurate delineation of birds within or outside plots,

distances to birds were estimated using a laser range-

finder.

Finally, at each point count location I measured

vegetation to determine whether there was any bias in

treatment applications such that differences in vegeta-

tion structure could explain patterns of avian commu-

nity structure (see Fletcher 2007). Vegetation was

measured within 5-m and 11.3-m radii at four equally

spaced sampling locations in each point count area.

Within the 5-m radius, I visually estimated shrub cover

(by species) and ground cover (,1 m) structure.

Ground cover categories included woody, grass, forb,

litter, and bare ground. Within the 11.3-m radius, I

counted the total number of trees (by species) and snags

by three size categories based on diameter at breast

height (dbh, measured at ;1.2 m above the ground

surface): 8–23, .23–38, and .38 cm. I also measured

canopy height, using a clinometer, and estimated

canopy cover, using a densiometer. Overall, there was

no evidence for differences in vegetation structure

among plot types (MANOVA: Wilk’s K ¼ 0.56, F16,30

¼ 0.62, P ¼ 0.84).

Statistical analyses

To interpret the potential for nontarget effects from

manipulating social cues, I focused on community

dynamics of avian species known to use western

deciduous riparian patches for breeding. Thus, I

excluded any transient species that does not breed in

riparian forests (n¼7 species) and any species that is not

adequately sampled by point counts (e.g., raptors,

ducks; n ¼ 3). I also excluded both target species from

all analyses to focus on nontarget effects (see Fletcher

[2007] for results from target species) and excluded

extremely rare species that occurred in fewer than three

plots (n ¼ 6) to minimize any spurious effects of

extremely rare species that might not be breeding in

these areas, resulting in 27 species being included in

analyses. Including extremely rare species in analyses

provides similar results. For all analyses, I focused on

metrics based on occurrence (e.g., species richness)

rather than abundance (e.g., species diversity, densities

of focal species), because the level of sampling is

probably limited for estimating densities of all but the

most common species at the plot level. I also decompose

community metrics into ‘‘resident’’ and ‘‘migratory’’

species, where ‘‘resident’’ refers to both annual residents

and short-distance migrants that arrived to the study

area before the playbacks took place (i.e., prior to ;1
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May; Table 1). I predicted that species settling in the

area before social cue addition would not be influenced

by this manipulation because these species have already

assessed environmental conditions.

I estimated species richness for each plot separately

for pretreatment and treatment years based on detec-

tion/non-detection from both survey visits using a

nonparametric jackknife estimator that helps correct

for species detectability (Nichols et al. 1998, Magurran

2004). This estimator has proven useful in estimating

species richness of birds from survey data (Boulinier

et al. 1998). Note, however, that using a ‘‘naı̈ve’’

estimate (i.e., the number of species observed) provides

similar results. I tested for the effects of social-cue

addition on species richness during the treatment year

using a generalized linear model (GLM) with a Poisson

error distribution and log link function and including

species richness during the pretreatment year as a

covariate to control for potential pretreatment variation

among plots (Fletcher 2007).

To better interpret the mechanism that may underlie

potential changes in species richness, I also estimated

local colonization rates, local extinction rates, and the

rate of change in species richness of migrant and resident

bird species across the two years using Program

COMDYN (Nichols et al. 1998, Hines et al. 1999).

COMDYN uses Pollock’s robust design for estimating

community dynamics and corrects for species detect-

ability with the jackknife estimator. For these analyses,

local extinction rates were estimated as the probability

that a species present in a plot during the pretreatment

year is absent during the treatment year, whereas local

colonization rates were estimated as the number of

species that were present in plots in the treatment year

but were not present during the pretreatment year

(Nichols et al. 1998). The rate of change in richness is

calculated as the estimated number of species during the

treatment year divided by the estimated number of

species during the pretreatment year. Using estimates

obtained from COMDYN, I then used GLMs to test for

treatment effects, body mass effects, and treatment 3

body mass interactions on local colonization, local

extinction, and rate of change in richness. I included

body mass because Least Flycatchers are known to be

aggressive to many small and medium-sized passerines,

including species with very different foraging and nest

site selection strategies (Briskie 1994), which could

influence local colonization and/or extinction probabil-

ities for small-bodied birds more so than large-bodied

birds. I divided species into three body mass categories

for estimating parameters: (1) large birds, species larger

than the American Robin (78 g; see Table 1 for scientific

names), the largest species with which flycatchers are

known to engage in aggressive interactions (Briskie

1994); (2) medium-sized birds, those species .25 g and

,78 g; and (3) small-sized birds, those species ,25 g.

The breakpoint for medium- and small-sized birds was

based on the median of body masses of the species

TABLE 1. Summary of species included in analyses of community dynamics, their migrant classification, the number of plots in
which each species was detected in at least one year (n¼ 25 total plots), their body mass (taken from Dunning [1993]), and their
body mass category used in analyses testing for nontarget effects of simulating social cues in riparian habitats, Montana, USA,
2003–2005.

Species
Migrant
status

No.
plots

Body
mass (g)

Body mass
category

American Goldfinch (Carduelis tristis) migrant 20 12.9 small
Black-headed Grosbeak (Pheucticus melanocephalus) migrant 15 42 medium
Brown-headed Cowbird (Molothrus ater) migrant 25 44 medium
Bullock’s Oriole (Icterus bullockii) migrant 15 33.6 medium
Cedar Waxwing (Bombycilla cedrorum) migrant 17 31.9 medium
Eastern Kingbird (Tyrannus tyrannus) migrant 11 43.6 medium
Gray Catbird (Dumetella carolinensis) migrant 25 36.9 medium
Northern Waterthrush (Seiurus noveboracensis) migrant 4 17.8 small
Veery (Catharus fuscescens) migrant 8 31.2 medium
Warbling Vireo (Vireo gilvus) migrant 18 14.8 small
Western Wood-pewee (Contopus sordidulus) migrant 21 12.8 small
Willow Flycatcher (Empidonax traillii) migrant 3 13.4 small
Yellow Warbler (Dendroica petechia) migrant 25 9.5 small
American Robin (Turdus migratorius) resident 25 77.3 medium
Black-billed Magpie (Pica hudsonia) resident 8 177.5 large
Black-capped Chickadee (Poecile atricapilla) resident 15 10.2 small
Common Grackle (Quiscalus quiscula) resident 4 114 large
Downy Woodpecker (Picoides pubescens) resident 5 27 medium
European Starling (Sturnus vulgaris) resident 18 82.3 large
House Finch (Carpodacus mexicanus) resident 4 21.4 small
House Wren (Troglodytes aedon) resident 24 8.9 small
Mourning Dove (Zenaida macroura) resident 18 119 large
Northern Flicker (Colaptes auratus) resident 13 142 large
Red-naped Sapsucker (Sphyrapicus ruber) resident 12 48.9 medium
Red-winged Blackbird (Agelaius phoeniceus) resident 6 52.5 medium
Song Sparrow (Melospiza melodia) resident 22 20.8 small
Tree Swallow (Tachycineta bicolor) resident 15 20.1 small
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considered that were the size of an American Robin or

smaller (Table 1). Body mass estimates were taken from

Dunning (1993). Because large birds were only residents

(Table 1), I analyzed residents and migrants separately.

Colonization rates were modeled assuming a Poisson

error distribution and using a log link function,

extinction probabilities were modeled assuming binomi-

al errors and using a logit link function, and rate of

change in richness was modeled assuming normal errors

and using an identity link function. For all analyses,

treatment effects were decomposed using two a priori

contrasts within the general linear models (GLMs): (1)

flycatcher effects (flycatcher � control) and (2) and

redstart effects (redstart� control). Subtracting respons-

es in controls accounts for natural annual variation in

species richness. I focused on these contrasts for

interpreting the potential for nontarget effects.

While the above analyses center on interpreting

treatment effects, the addition of flycatcher and redstart

cues also caused substantial increases in the density of

Least Flycatchers, with flycatchers occurring at approx-

imately two times higher densities on treatment plots

than on controls (see Fletcher 2007). Consequently, it is

crucial to understand whether potential nontarget effects

are simply attributable to changes in the density of

flycatchers or whether playbacks have unique effects on

community dynamics, particularly in terms of weighing

this approach with other potential management strate-

gies. To address this issue, I focused on the manner in

which treatments and interannual changes in flycatcher

density (treatment year � pretreatment year) could

explain observed variation in the rate of change in

species richness. Note that rate of change in flycatcher

density was not used because zero densities during the

pretreatment year for some plots yielded the rate of

flycatcher change undefined. Focusing on the rate of

change of richness is more parsimonious than using the

GLM approach above based on treatment year species

richness, because such an approach would require

multiple covariates to control for pretreatment richness

and flycatcher density. I used variation partitioning to

interpret the unique and joint effects of playbacks and

changes in flycatcher density on the rate of change in

species richness, which is a useful approach for

decomposing the variation explained by factors that

may exhibit some collinearity (Legendre and Legendre

1998), and it helps interpret potential reasons for

changes in richness. For example, if species avoid plots

with flycatcher cue additions, such avoidance could

occur because they simply did not select the site or

because they selected the site only to be excluded by the

flycatchers. If the former occurs, variation in species

richness should be better explained by playbacks,

whereas if the latter occurs, species richness should be

better explained by changes in breeding densities of

flycatchers.

RESULTS

Avian species richness did not change with the

addition of redstart cues (P . 0.1; Fig. 1). While overall

species richness and richness of residents did not change

with the addition of flycatcher cues (v2 , 0.91, P .

0.33), migrant richness did change (v2¼ 3.96, df¼ 1, 21,

P ¼ 0.04), with richness declining by ;30% with the

addition of flycatcher cues (Fig. 1). I note that estimates

of detection probabilities from jackknife estimators

showed no variation across treatments (flycatcher ¼
0.89 6 0.02, redstart¼0.87 6 0.02, control¼0.88 6 0.01

[mean 6 SE]; P . 0.97).

The estimated rate of change in migrant species

richness in flycatcher plots was lower than in control

plots (F1,44 ¼ 7.23, P ¼ 0.01), but this effect was

contingent on body mass of species (treatment 3 body

mass, F2,44¼ 3.87, P¼ 0.028), with declines in the rate of

change being attributed to small-bodied migrants

(Fig. 2). The rate of change in richness of residents did

not vary with treatment, body mass, or treatment 3

body mass (P . 0.21). Local extinction rates of migrants

and residents did not vary substantially with treatment,

body mass, or treatment 3 body mass (P . 0.4),

although point estimates of local extinction of migrants

were higher for flycatcher plots than other plot types

(Fig. 3). Instead, variation in species richness occurred

primarily through the addition of flycatcher cues

limiting local colonization events of migrants (v2 ¼
9.12, df¼ 1, 44, P¼ 0.006), but again, treatment effects

were conditional on body mass (treatment3 body mass,

v2 ¼ 9.71, df ¼ 2, 44, P ¼ 0.008), with declines in local

FIG. 1. Nontarget effects on avian species richness occur-
ring with the addition of social cues in riparian habitats,
Montana, USA, 2003–2005. Least-squares estimates (mean 6
SE) are reported for avian species richness of migrants,
residents, and all species combined during the treatment year,
while holding pretreatment year richness constant, in plots with
added Least Flycatcher (Empidonax minimus) cues (n ¼ 7),
American Redstart (Setophaga ruticilla) cues (n ¼ 7), and
controls (no added cues; n¼ 11). Target species, species that do
not breed in riparian areas, extremely rare species (occurring in
fewer than three plots), and species inadequately sampled with
point counts (ducks, raptors) were excluded from estimates. All
estimates were corrected for detectability using a jackknife
estimator (see Nichols et al. 1998, Hines et al. 1999).

ROBERT J. FLETCHER, JR.1768 Ecological Applications
Vol. 18, No. 7



colonization rates being attributed to small-bodied

migrants (Fig. 4). Overall, none of the small-bodied

migrants (Table 1) colonized plots with added flycatcher

cues, although Yellow Warblers (Dendroica petechia)

occurred on all plots both years. There was marginal

evidence for local colonization rates of residents to vary

based on body mass and treatment (treatment 3 body

mass, v2 ¼ 8.55, df ¼ 4, 44, P ¼ 0.073), with local

colonization rates being slightly higher for large-bodied

residents in redstart plots and medium-bodied residents

exhibiting slightly lower colonization rates in redstart

plots (Fig. 4).

Variation partitioning suggested that the treatments

explained more total and unique variation in the rate of

change in migrant richness than did changes in

flycatcher density (Fig. 5a). Interestingly, the rate of

migrant change in plots with added flycatcher cues was

not related to the change in flycatcher density in those

plots (r ¼ 0.21, n ¼ 7, P ¼ 0.65; Fig. 5b). Yet it is

important to note the negative relationship of changes in

richness and changes in flycatcher density observed in

control plots (r ¼ �0.66, n ¼ 11, P ¼ 0.026; Fig. 5b),

suggesting that flycatcher density in natural areas may

indeed negatively impact migrant richness.

DISCUSSION

Nontarget effects can occur from a variety of

conservation and management strategies (Louda et al.

2003, Mills and Semlitsch 2004, White 2006). The

nontarget community impacts documented here were

relatively predictable, based on the well-known species

interactions that occur among Least Flycatchers and

other members of the community. Least Flycatchers are

highly territorial songbirds that are known to engage in

antagonistic interactions with many different species

(Briskie 1994), such as Yellow Warblers, Eastern Wood

Pewees (Contopus virens), Cedar Waxwings (Bombycilla

FIG. 2. The rate of change in species richness (mean 6 SE)
of (a) migrants and (b) residents across years as a function of
body mass in plots with added Least Flycatcher (Empidonax
minimus) cues (n ¼ 7), American Redstart (Setophaga ruticilla)
cues (n ¼ 7), and controls (no added cues; n ¼ 11). Body mass
values were taken from Dunning (1993). The dotted line
indicates no change in species richness across years.

FIG. 3. The estimated local extinction probabilities (mean
6 SE) of (a) migrants and (b) residents across years as a
function of body mass in plots with added Least Flycatcher
(Empidonax minimus) cues (n ¼ 7), American Redstart
(Setophaga ruticilla) cues (n ¼ 7), and controls (no added cues;
n ¼ 11). Body mass values were taken from Dunning (1993).
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cedrorum), and American Robins (Turdus migratorius).

Results from this experiment on the target species also

reveal potential responses to these asymmetrical inter-

actions: American Redstarts were attracted to conspe-

cifics but avoided cues of the dominant flycatcher

(Fletcher 2007). These results demonstrate that some

species can impact habitat use across entire communities

(see also Thomson et al. 2003), which highlights the

potential for complex, network-like habitat selection,

the broad use of interspecific social information

(Seppänen et al. 2007), and the importance of consid-

ering metacommunity concepts (Leibold et al. 2004) in

studies of habitat use.

The reduction in species richness with flycatcher cue

addition was driven primarily through reductions in

local colonization rates of small-bodied migrants rather

than through local extinctions. This pattern of local

colonization/extinction variation makes intuitive sense:

local extinctions are probably unlikely from adding

artificial social cues because many bird species show

high site fidelity (e.g., Hoover 2003), such that species

occupying areas in the year prior to treatments may not

be ‘‘fooled’’ by social cue additions. Similarly, species

classified as resident showed no substantial responses to

treatments, which presumably occurred because those

species already settled prior to manipulations. Yet it is

also possible that residents generally use different types

of information to guide settlement than migrants

(Mönkkönen et al. 1999). In any case, if this is a general

pattern whereby nontarget effects, if they do indeed

occur, primarily alter local colonization rather than

local extinction rates, understanding factors that facil-

itate or inhibit local colonizations and the manner in

which artificially creating social cues alters these

behaviors will shed light onto the effectiveness of this

tool.

Interpreting the utility of artificially creating social

stimuli for management purposes will require under-

standing how such manipulations influence community

dynamics relative to changes in actual densities of

FIG. 4. The estimated number of local colonizations (mean
6 SE) of (a) migrants and (b) residents across years as a
function of body mass in plots with added Least Flycatcher
(Empidonax minimus) cues (n ¼ 7), American Redstart
(Setophaga ruticilla) cues (n¼ 7), and controls (no added cues;
n ¼ 11). Body mass values were taken from Dunning (1993).

FIG. 5. (a) Variation partitioning of the rate of change in
migrant richness based on treatments and interannual changes
in Least Flycatcher (Empidonax minimus) density (treatment
year � pretreatment year). Values above the boxes are the
coefficients of determination (r2) for the total effects of
treatment and flycatcher density, and values below the boxes
are the unique and joint effects of treatment and changes in
flycatcher density. Flycatcher density was estimated using a
removal model (Fletcher 2007). (b) Rate of change in migrant
richness as a function of interannual change in Least Flycatcher
density for treatments and controls (r ¼ �0.46, n ¼ 25, P ¼
0.019).
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species of interest. If artificial stimuli have similar effects

as changes in densities of target species, then potential

nontarget community effects may also occur with other

management strategies that successfully increase the

population of the target species. In contrast, if artificial

stimuli have unique effects on community dynamics

relative to changes in densities of target species, then

other management approaches might have fewer poten-

tial costs associated with their implementation. The

observed declines in species richness of migrants

documented here are not simply a general playback

effect, because playbacks of redstarts did not alter

community dynamics. And while both changes in

flycatcher density and playbacks were correlated with

the rate of change in migrant richness, playbacks

explained more total variation and four times more

unique variation than did changes in flycatcher density

(Fig. 5a). Yet patterns in control plots, where there was

also a negative correlation between the rate of change in

species richness of migrants and changes in natural

flycatcher density, suggest that in natural riparian areas,

high flycatcher abundance can have negative effects on

communities (Fig. 5b). Taken together, the unique

community effects from playbacks might be relatively

persistent in this system even after playbacks are

removed because playbacks increase flycatcher density

and there is high predictability of flycatcher densities in

control plots across years (Fletcher 2007).

While the results presented here provide important

insight into potential community-level nontarget effects

occurring on species richness, a limitation of this

experiment is that it was not designed to further identify

within-species processes driving observed changes, such

as variation in density, territoriality, or reproductive

success. For instance, heterospecific avoidance could

have been driven primarily by certain individuals, such

as juveniles or potential floaters, not settling in areas

with added cues, whereas breeding individuals might

have not responded to these manipulations. Because

younger birds and floaters tend to arrive later in the

season (e.g., Hahn and Silverman 2006), this hypothesis

predicts that differences in richness early in the breeding

season should not vary across treatments and that

differences should in fact be more pronounced later in

the season (because floaters/juveniles steadily trickle into

control plots but not plots with flycatcher cue addi-

tions). While the jackknife estimator I used cannot

estimate within-season variation in species richness, a

naı̈ve index for richness (number of species observed)

showed no difference among treatments between survey

periods (P ¼ 0.52), providing no support for this

age/floater hypothesis. Nonetheless, future research on

specific mechanisms driving variation in species richness

could provide a richer perspective on the implications of

social information for population and community

dynamics in this system.

To guide conservation for species of interest, managers

must weigh different management options, such as habitat

restoration, reserve protection, or the use of artificial

social cues to draw species into apparently suitable

habitats. When animals do indeed use social cues in

settlement decisions, artificial social cue manipulation is a

viable option. However, managers should consider three

issues. First and foremost, are potential sites considered

for social cue manipulation of apparent high quality?

Such information will undoubtedly be critical to limit the

likelihood of attracting the target species to poor-quality

habitats (Schlossberg and Ward 2004, Ward and Schloss-

berg 2004, Ahlering and Faaborg 2006). Second, will

simulating social cues result in nontarget effects on other

members of the community? Nontarget effects may occur

for a variety of reasons, and species that share some

characteristics of the target species, such as foraging

behaviors, may respond to artificial cues in positive

(heterospecific attraction) or negative (heterospecific

avoidance) ways (Thomson et al. 2003, Fletcher 2007).

Third, if nontarget effects occur, are effects acceptable

relative to the benefits for the target species? Nontarget

effects may be acceptable for locations where managers

know that the species formerly occurred (e.g., Parker et al.

2007), such that any observed community change likely

PLATE 1. The Least Flycatcher (Empidonax minimus) is a
highly territorial, migratory bird that is confined to breeding in
riparian forests of the western United States and Canada. It is
aggressive toward many other bird species. Photo credit: Terry
Sohl.
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reflects the community ‘‘relaxing’’ back to previous

conditions. Yet even in these situations, if artificially

creating social cues results in nontarget effects that are

unique relative to changes in real densities of the target

species, caution is warranted. In this study, simulated

flycatcher cues explained unique amounts of variation

relative to the changes in actual flycatcher densities,

suggesting that the management tool had nontarget

effects that may not occur with other tools aimed to

increase flycatcher densities. Finally, it is important to

note that for extremely rare species, providing many

spatially replicated treatments across landscapes, like the

design used here, might result in nontarget effects

occurring in many areas where the likelihood of attracting

the targeted species is virtually nonexistent.

Conclusions

Experimental evidence is accumulating across a wide

variety of animal taxa, including territorial insects

(Muller 1998), fish (Baker and Hicks 2003), amphibians

and reptiles (Stamps 1988, Gautier et al. 2006), colonial

and territorial birds (e.g., Hahn and Silverman 2007,

Parker et al. 2007), and mammals (Simeonovska-Niko-

lova 2007), that individuals do indeed use social cues to

elicit settlement. As a consequence, manipulating social

cues for conservation purposes holds much potential for a

variety of species. Yet results presented here illustrate that

nontarget effects can occur at the community level and

can be unique relative to changes in densities of the target

species, suggesting that conservation biologists, manag-

ers, and planners should be careful when considering such

approaches. Managers will need to balance whether

potential nontarget effects are acceptable, based on the

conservation status of the species of interest, the

community in which it resides, and the utility of other

approaches aimed at restoring populations.
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