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Abstract: Facilitating voluntary conservation on private lands is a crucial element of policies that seek
to mitigate forest habitat loss and fragmentation around the world. Previous research emphasizes
the role of social factors (e.g., landowner characteristics, economics) in forest management, but
environmental outcomes of past management can also affect landowner decisions. Our objective was
to evaluate how positive outcomes for wildlife and habitat might reinforce or amplify landowner
efforts to manage forest habitats. We applied the lens of coupled human and natural systems to
investigate private lands management for early successional forests, which are declining along
with associated wildlife in rural areas of the eastern U.S. Efforts to restore early successional forest
in this region involve active forest management to create patches of successional forest in native,
mature mixed hardwood stands. By integrating field-based monitoring of wildlife with surveys of
landowner perceptions, we examined how landowners observed, interpreted, and responded to
property-scale ecological outcomes of forest management. We recorded presence of Golden-winged
Warbler (Vermivora chrysoptera) and American Woodcock (Scolopax minor) and estimated bird species
richness in spring 2015 and/or 2016 on private properties located in the Appalachians (Maryland,
New Jersey, Pennsylvania) and Upper Great Lakes (Minnesota, Wisconsin). These properties were
enrolled in early successional forest management programs administered through the Natural
Resources Conservation Service. Bird surveys were paired with landowner responses to a telephone
survey conducted from January to May 2017 (n = 102). Most (71.6–81.6%) landowners’ perceptions of
avian presence on their properties matched monitoring results. These perceptions were informed
by personal observations and by outreach from agency partners and field technicians. Landowners
who already completed their conservation program contracts (n = 85) continued managing early
successional forests. Continued management for early successional habitat was positively associated
with perceived benefits to birds, forest health, and scenery. Our findings give insight into how private
landowners respond to environmental effects of forest management. We conclude that positive
environmental outcomes of these conservation programs are related to continued early successional
forest conservation by private landowners.
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1. Introduction

1.1. Early Successional Forest and Private Lands

Although most of the world’s forests remain public resources, private ownership of forests
continues to grow due to privatization and afforestation [1]. Private ownership of forests is most
common in wealthier countries such as the United States, where about 58 percent of forested land is
privately owned [1,2]. As such, decisions of private landowners can profoundly affect forest ecosystems
and associated wildlife. This is especially true in contexts where active management is required to
meet the specialized needs of species of conservation concern.

Private decisions about forest management have significant consequences for early-successional
forests in the eastern United States, particularly in rural areas of the Appalachians, Great Lakes, and
Northeast regions. Early successional forest, also referred to as young forest, is an ephemeral phase of
forest regeneration following stand-level forest canopy disturbance events [3,4]. Early successional
forest sites have high plant species productivity and provide ecologically important structural
complexity for forest ecosystems [4]. As a classic disturbance-dependent plant community, early
successional forest was historically maintained in the eastern US landscape by natural disturbances, such
as disease, insect damage, wildfire, beaver flooding, and severe weather events [5]. However, altered
disturbance regimes and reduced timber harvesting over the past century have caused widespread
declines in early-successional habitat and an increase in even-aged, mature forest stands [5–7].

A wide range of wildlife taxa are associated with early successional forests, including a
taxonomically-diverse array of game [8–10] and non-game species [5,11,12]. Declines in species
associated with early successional forests have raised concerns from government agencies and
NGOs who have begun implementing forest management plans to stem population losses [13].
Two such species, the Golden-winged Warbler (Vermivora chrysoptera) and American Woodcock
(Scolopax minor), have been the focus of several concerted habitat management efforts over the past
decade. Golden-winged Warbler populations have declined steadily over the past 50 years and, while
American Woodcock populations are more secure, it has been suggested that management targeted at
Golden-winged Warblers may benefit both species [14].

A large proportion of forest in the eastern U.S. is privately owned (e.g., 70.4% of the woodland
area in Pennsylvania, 72.5% in Minnesota; [2]), so early successional forest restoration efforts have
targeted both public and private lands [13]. Since 2012, incentive programs administered by the
United States Department of Agriculture’s Natural Resources Conservation Service (NRCS) have
provided private landowners with cost-share and technical assistance for early successional forest
management [15]. This assistance has been directed toward focal regions and property locations
likely to benefit the Golden-winged Warbler and American Woodcock [16]. In the absence of natural
forest disturbances, these incentive programs encourage the use of active management techniques
such as even-aged timber management, invasive plant removal, and native plant establishment.
These management practices are used to create and restore patches of early successional forest in
native, mature mixed hardwood stands. The forest communities targeted for early successional forest
restoration primarily include yellow poplar-red oak (Liriodendron tulipifera, Quercus rubra); sugar
maple-beech-yellow birch (Acer saccharum, Fagus grandifolia, Betula alleghaniensis); aspen-paper birch
(Populus spp., Betula papyrifera); and mixed oak (Quercus spp.) [17]. Hundreds of landowners have
been contracted to restore more than 13,000 acres (5260 hectares) of early successional forest habitat
in the Appalachians and Great Lakes regions [16]. This has produced benefits for wildlife [14,18,19],
but there is uncertainty about the degree to which landowners persist with management after these
types of conservation incentive programs [20]. Landowner decision-making partially determines the
longevity of wildlife benefits, as the quality of early successional forest habitat relies partly on recurring
management over 10–20 year intervals [3,21].

How landowners detect and interpret changes on their land is important for understanding their
future and long-term management decisions [21–23]. Landowner actions can be informed by the
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environmental outcomes of past management, if these outcomes are apparent to landowners [22,24,25].
Previous research has shown that landowners are generally motivated to create early successional
forest by benefits to wildlife, the environment, and hunting [26,27]. Landowners who previously
managed for early successional forest are more likely to do so again [27]. This could indicate a positive
response to management outcomes such as increased wildlife sightings or improved scenic attributes
of managed forests (e.g., [23,28,29]). Yet management outcomes are not always positive, and some
authors have speculated that landowners managing for specific wildlife such as the Golden-winged
Warbler might discontinue management if those species do not appear [30]. To understand how these
environmental feedbacks could influence landowner decisions, we applied a coupled human and
natural systems (CHANS) framework [31,32]. We focused primarily on birds given the avian focus of
the conservation incentive program.

1.2. Conceptual Framework

To examine the relationship between environmental outcomes, landowner cognitions, and
continued early successional forest management, we drew from CHANS models developed by
Morzillo et al. [28] and Meyfroidt [33]. These models emphasize the importance of human observations
of the environment. After management is conducted to create early successional forest, vegetation
structure and wildlife composition change rapidly due to ecological succession [34]. Landowners
may directly observe wildlife and forest changes caused by early successional forest management, or
receive information on these ecological changes from sources such as biologists [35]. Our hypothesized
connections among bird presence, bird detections, landowner perceptions of management outcomes,
and continued management actions are represented in Figure 1.
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Figure 1. Hypothesized early successional forest coupled human and natural system at the
property scale.

In our model, habitat management influences bird species’ presence on a landowner’s property.
A landowner may observe these birds, or be informed that other people detected birds on their property.
The detections (or lack of detections) that a landowner perceives may or may not accurately reflect bird
presence on a property. Next, bird detections likely affect landowner perceptions about management
effectiveness. While the CHANS model focused on birds, we also investigated landowner perceptions
of other outcomes related to early successional forest management including forest health, scenery,
and hunting. We assessed how landowner perceptions of these additional ecological-based outcomes
were related to management persistence. This type of local-scale CHANS model regarding habitat
management for wildlife species of conservation concern has not been previously tested. This model
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provided the platform to investigate how landowners observed, interpreted, and responded to
property-scale ecological outcomes of forest management.

In the context of management for early successional forest in native, mature mixed hardwood
forests of the eastern U.S., the main objectives of this study were to:

1. Determine the relationship between bird presence and landowner perceived detections of birds
by themselves and others;

2. Quantify the relative importance of bird presence, perceived detections of birds by landowners
and others for influencing landowner perceptions of program outcomes; and

3. Assess how bird presence, perceived detections of birds, and perceptions of program outcomes
are related to persistence of early successional forest management by landowners.

2. Materials and Methods

2.1. Avian Monitoring Methods

We monitored bird presence after early successional forest habitat creation or enhancement across
189 privately owned properties in Maryland, Minnesota, New Jersey, Pennsylvania, and Wisconsin,
USA (Figure 2). These properties were enrolled in NRCS conservation programs for early successional
forest management, and had been managed for early successional forest habitat between 2012 and 2016.
Landowners voluntarily allowed biological technicians to conduct post-management monitoring of
birds and vegetation. At the time of biological monitoring, the managed properties were either under
a current NRCS contract or had recently finished an NRCS contract to create early successional forest.
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Within each early-successional forest, we randomly placed 1–2 point sampling locations at
which birds were surveyed (see McNeil et al. [36] for point placement protocols). At each location,
we conducted both American Woodcock and Golden-winged Warbler point count surveys in 2015 and
2016. We noted presence of American Woodcocks using point count surveys during the times and
dates recommended under the U.S Fish and Wildlife Service American Woodcock Singing Ground
Survey protocol [37,38]. We also used point count surveys to quantify Golden-winged Warbler (and
other songbird) presence but sampled during the times (early mornings) and dates (mid-May–June)
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when Golden-winged Warblers are best detected. See McNeil et al. [36] for a full description of warbler
survey methods. Our final dataset for each property included American Woodcock naïve occupancy
(1/0), Golden-winged Warbler naïve occupancy (1/0), and avian species richness (not including
American Woodcock/Golden-winged Warbler). The two program target species were excluded from
the richness measure for consistency with the telephone survey, which was worded to ask about these
species separately.

During monitoring, some landowners met with technicians on their property or accompanied
them during the site visit. Lists of detected bird species were also shared with landowners of monitored
properties through outreach mailings. At the time of this study, 63.4% (n = 120) of the 189 landowners
had been sent these outreach mailings [35]. For each property, the monitoring database also included
area of land managed for early successional forest through the program and NRCS contract dates.

2.2. Telephone Survey

We conducted telephone surveys with landowners of monitored properties from 20 January to
1 June, 2017. The telephone survey methods were approved by the Virginia Tech Institutional Review
Board (Protocol #16-597). Members of the research team signed compliance agreements that ensure
NRCS cooperators will not disclose protected agricultural or personally identifiable information,
as required by Section 1619 of the Food, Conservation, and Energy Act of 2008.

The telephone survey consisted primarily of closed-ended questions that evaluated landowner
perceptions of bird detections on their property, perceptions of management outcomes, and management
for early successional forest after the program contract (Table S1). Eight private landowners who had
participated in similar NRCS conservation programs pre-tested the survey.

A set of items assessed landowner perception of bird detections by the landowner him/herself,
NRCS or partners (including monitoring technicians), or anyone else. The landowner was asked
which groups had seen or heard Golden-winged Warbler, American Woodcock, or other birds that
use early successional forest (hereafter, other birds) on their property since enrollment in the NRCS
program. Seven items measured landowner perceptions of management outcomes for Golden-winged
Warbler, American Woodcock, other birds, scenery, hunting, bird-watching, and forest health on their
property. Each perception was measured on a 5-point Likert-type scale from ‘very negative effect’
to ‘very positive effect’. Some respondents chose to respond ‘not sure’, which was recorded rather
than entered as missing data. For landowners who had finished their NRCS contract, we asked if
they had used any of nine specific early successional forest management practices since their contract
ended. These practices included actions used to maintain existing habitat (i.e., brush clearing, cutting
shrubs, herbicide application, invasive removal, and prescribed burning) and practices that create early
successional forest (i.e., cutting new patches 4 hectares or more in size, cutting trees to expand existing
patches) [17]. The telephone survey also asked the distance the respondent lived from the managed
property, years the property was owned, and total property area owned.

2.3. Statistical Analyses

We analyzed our data using SPSS (version 24.0). We used the cross-tab function in SPSS to compare
bird presence, as determined by biological monitoring, with landowner perception of Golden-winged
Warbler and American Woodcock detections. We used chi-squared tests and phi coefficients to assess
the independence of these dichotomous variables.

Next, we assessed how bird presence and perceived detections influenced landowner perceptions
about program outcomes for Golden-winged Warbler, American Woodcock, and other birds.
Landowner perceptions were categorized as either positive (responses of ‘positive effect’ or ‘very
positive’) or not positive (responses of ‘negative effect’, ‘very negative effect’, ‘no effect’, or ‘not
sure’). We then performed three logistic regression analyses using positive perception of each outcome
as dependent variables. Bird presence, landowner personal detection of birds, and perceptions of
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bird detections by others (NRCS/partners or someone else) were used as independent variables.
Only regression models using the full set of dependent variables were tested.

To investigate persistence of management, we constructed an index of post-program management
extensiveness [39,40]. To calculate the index, the number of early successional forest management
practices used since the program were summed for each landowner [39]. Available remaining land
area for each landowner was calculated by subtracting habitat area managed through the program
from total property area owned. Landowners who lived within one mile (1.61 km) of the managed
property were classified as a resident.

Spearman’s ranked order correlations and point biserial correlations were used to assess the
relationship between post-program management index scores and a set of independent variables.
The independent variables included bird presence, perceived bird detections, perceptions of ecological
outcomes, time since contract, remaining property area, total property area, residency, and years owned.

3. Results

3.1. Results Overview

Of the 189 landowners called, 102 completed telephone surveys for a response rate of 57.9%.
Individual telephone surveys took an average of 30 min to complete. Telephone survey responses
were paired with ecological monitoring data using property addresses. We checked for non-response
bias in monitoring data by conducting group comparisons (Mann–Whitney U and chi-square tests)
between survey respondents and non-respondents. Respondents and non-respondents did not differ
significantly in terms of American Woodcock presence, Golden-winged Warbler presence, or total bird
species richness on their properties.

Survey respondents were primarily male (88%) and averaged 61 years old (median = 63 years, SD
= 11 years). The majority (66%) had a four-year college degree or higher. Respondents owned their
land for an average of 37 years (median = 20 years, SD = 35 years), and owned a mean of 316 hectares
(min = 13.4 ha, ma = 7770 ha, median = 95 ha, SD = 863 ha). Thirty-seven respondents (36.3%) were
classified as resident landowners. Respondents’ enrolled properties were located in Pennsylvania
(59%), Minnesota (30%), New Jersey (7%), Maryland (2%), and Wisconsin (2%).

In the Great Lakes region, common tree species in the sampled communities included red maple
(Acer rubrum), birches (Betula spp.), aspens (Populus spp.), and oaks (Quercus spp.). The varied
understory species included alder (Alnus spp.), willow (Salix spp.), and dogwood (Cocnus spp.). In the
Appalachians, common tree species in sampled communities were maples (Acer spp.), birches, hickories
(Carya spp.), and oaks. Among the most common understory species were mountain laurel (Kalmia
latifolia), witch-hazel (Hamamelis virginiana), and blueberries (Vaccinium spp.)

Biological monitoring detected American Woodcock on 68.6% of respondent properties
(70 properties), and Golden-winged Warbler on 36.3% of properties (37 properties). An average
of 28.5 bird species (median = 27 species, SD = 11 species) were detected on respondent properties.
The majority of respondents (67.6%) had either accompanied monitoring technicians on a site visit,
received an outreach mailing, or received both forms of outreach [35].

3.2. Perceived Bird Detections (Objective 1)

Landowner perceptions of American Woodcock detections matched bird presence results for
71.7% of respondents (Table 1). About 10.1% of respondents thought that American Woodcock were
detected on their property when biological monitoring surveys did not detect the species. A slightly
greater proportion of respondents (18.2%) did not think that American Woodcock had been seen or
heard on their property when biological monitoring had detected the species. There was a significant
association between perceived American Woodcock detection and presence, as determined by biological
monitoring surveys (χ2 = 13.88, p≤ 0.001). This relationship was moderately strong (ϕ = 0.37, p≤ 0.001).
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Table 1. Cross-tabulation of landowner perception of target species detection on their property and
target species presence determined by biological monitoring, eastern United States, February–May 2017.

Landowner Perception of American Woodcock Detection (n = 99)

Biological Monitoring Results Not Detected Detected

American Woodcock Not Observed 19 (19.2%) 10 (10.1%)
American Woodcock Observed 18 (18.2%) 52 (52.5%)

Landowner Perception of Golden-winged Warbler Detection (n = 102)

Biological Monitoring Results Not Detected Detected

Golden-winged Warbler Not Observed 54 (52.9%) 11 (10.8%)
Golden-winged Warbler Observed 8 (7.9%) 29 (28.4%)

Landowner perception of Golden-winged Warbler detections matched bird presence results for
81.3% of respondents (Table 1). About a tenth (10.8%) of respondents thought that Golden-winged
Warbler were detected on their property when biological monitoring surveys did not detect the species.
A smaller proportion of respondents, 7.9%, did not think that Golden-winged Warbler had been
seen or heard on their property when biological monitoring had detected the species. Perceived
Golden-winged Warbler detection and presence, as determined by biological monitoring surveys, were
significantly associated (χ2 = 37.36, p ≤ 0.001). This association was strong (ϕ = 0.61, p ≤ 0.001).

3.3. Perceptions of Management Outcomes (Objective 2)

Just over half of respondents (53%) thought that participating in the NRCS program had a positive
or very positive effect for American Woodcock on their property. Perception of positive program
effect for American Woodcock was significantly associated with presence, as determined by biological
monitoring surveys (χ2 = 5.354, p = 0.021; ϕ = 0.233, p = 0.021). The logistic regression model
predicting perception of a positive program effect for American Woodcock was statistically significant,
χ2(4) = 39.43, p < 0.001 (Table 2). The model correctly classified 79.8% of cases (Nagelkerke R2 = 0.438).
Of the four predictor variables, two were statistically significant: personal detection of the bird and
perception that NRCS or NRCS partners had detected the bird on the property. Landowners who
had personally detected the bird had 4.16 times higher odds to perceive a positive effect on American
Woodcock from program participation. Similarly, landowners who thought NRCS or partners had
detected the bird on their property had 5.48 times higher odds to perceive there was a positive effect
on American Woodcock.

Table 2. Summary of logistic regression models for predicting landowner perceived positive
effect on American Woodcock, Golden-winged Warbler, and other birds from Natural Resources
Conservation Service (NRCS) early successional forest habitat program participation, eastern United
States, February–May 2017 (n = 99).

Perceived Positive Outcome For

American Woodcock Golden-Winged Warbler Other Birds

Independent Variables Exp(B) p-Value Exp(B) p-Value Exp(B) p-Value

Landowner detected bird 4.16 0.016 1.63 0.529 5.94 0.007
NRCS or partners detected bird 5.48 0.002 3.25 0.083 4.50 0.017

Someone else detected bird 2.47 0.151 9.10 0.051 3.10 0.090
Bird presence† 0.98 0.975 2.06 0.245 1.03 0.331

Nagelkerke R2 0.438 0.372 0.421
†Bird species richness was substituted for bird presence in the ‘other birds’ model.

Less than half of respondents (44.1%) thought that participating in the NRCS program had a
positive or very positive effect for Golden-winged Warbler on their property. Perception of positive
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program effect for Golden-winged Warbler was significantly associated with presence, as determined
by biological monitoring surveys (χ2 = 16.108, p = <0.001; ϕ = 0.397, p = <0.001). The logistic regression
model predicting perception of a positive program effect for Golden-winged Warbler was statistically
significant, χ2(4) = 33.20, p < 0.001. The model correctly classified 77.5% of cases (Nagelkerke R2 = 0.372).
Of the four predictor variables, none were statistically significant, although perceived detection of
Golden-winged Warbler by someone else was a marginally significant predictor (p = 0.051).

A majority of respondents (77.5%) thought their program participation had a positive or very
positive effect for other birds that use early successional forest on their property. Perception of
positive program effect for other birds was not related to bird species richness (Rpb = 0.115, p = 0.248).
The logistic regression model predicting perception of a positive program effect for other birds
was statistically significant, χ2(4) = 32.88, p < 0.001. The model correctly classified 88.2% of cases
(Nagelkerke R2 = 0.421). Of the four predictor variables, two were statistically significant: personal
detection of the bird and perception that NRCS or partners had detected the bird on the property.
Landowners who had personally detected other birds had 5.84 times higher odds to perceive a positive
effect on other birds from program participation. Landowners who thought NRCS or partners had
detected other birds on their property also had 4.49 times higher odds to perceive a positive effect on
other birds.

3.4. Management Persistence (Objective 3)

Of 102 survey respondents, 85 had completed their NRCS contracts at the time of the telephone
survey. Among these 85 landowners, the average time since their contract ended was 2.09 years
(min = 0 years, max = 4 years). The minimum remaining property area was 8.2 hectares. The majority
of landowners (71.8%) who had completed their contracts had implemented some form of management
actions for early successional forest management since their contract ended (Figure 3). The practice used
by the most landowners (51.8%) post-contract was establishment or maintenance of native plantings.
Fewer landowners had used timber management practices necessary to create early successional forest,
such as cutting new patches (11.8%). The least commonly used practice was prescribed burning,
performed by only 4.7% of landowners post-contract.
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Figure 3. Landowner early successional forest management actions after Natural Resources
Conservation Service (NRCS) early successional forest program participation, eastern United States,
February–May 2017 (n = 85).

Values of the post-program management index ranged from 0 to 8 practices (mean = 2.4 practices,
median = 2 practices, SD = 2.15 practices). Several variables had medium to strong relationships
with the post-program management index (Table 3). Specifically, perceptions of positive management
effects for other birds, forest health, and bird-watching were positively related with higher levels of
management persistence. Landowners who had personally detected other birds on their property
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were also more likely to have done more extensive management after the program. Golden-winged
Warbler presence determined by biological monitoring was negatively correlated with more extensive
management persistence. There was not a significant relationship between post-program management
and any property characteristics considered.

Table 3. Bivariate correlations between bird presence, landowner bird detections, landowner
perceptions, property and early successional forest management after NRCS program participation,
eastern United States, February–May 2017 (n = 85).

Social and Ecological Variables Correlation with
Management Index p-Value

Bird presence American Woodcock presence† −0.19 0.079
Golden-winged Warbler presence† −0.26 0.015

Bird species richness‡ 0.14 0.213
Personal detection

of birds Saw/heard American Woodcock† 0.16 0.153

Saw/heard Golden-winged Warbler† 0.17 0.115
Saw/heard other birds† 0.32 0.003

Perceptions of
program outcomes Positive effect on American Woodcock† 0.16 0.152

Positive effect on Golden-winged
Warbler† 0.01 0.934

Positive effect on other birds† 0.31 0.004
Effect on forest health‡ 0.26 0.026

Effect on hunting‡ 0.11 0.303
Effect on bird-watching‡ 0.43 0.000

Effect on scenery‡ 0.26 0.018
Property

characteristics Years since contract ended‡ 0.17 0.118

Residency† 0.18 0.094
Years owned‡ −0.03 0.811

Remaining property area‡ 0.00 0.977
Total property area‡ 0.15 0.890

†Point bi-serial correlation, ‡Spearman’s correlation.

4. Discussion

By pairing field-based monitoring with landowner survey responses, we investigated linkages
between property-level management outcomes and continued early successional forest management.
To evaluate the applicability of our coupled systems model, we analyzed how bird presence and
richness were related to landowner perceptions and continued management for early successional
forest. We found that landowner views of target species presence were in line with biological monitoring
results. Landowner’s interpretations of early successional forest management outcomes were partly
informed by their own experiences detecting birds on their property. Our study also suggests that
landowner perceptions of positive management outcomes for birds, forest health, and scenery are
related to sustained conservation of early successional forest.

The feedback that landowners receive from natural systems such as forests can involve wildlife,
vegetation, and/or abiotic factors [28,29]. Landowners’ perceptions of wildlife species’ presence in this
study had a high degree of congruity to monitoring data collected from their properties. A large body
of literature supports the validity and value of local ecological knowledge (e.g., [41]), yet a strong match
between landowner perceptions and ecological monitoring results was not necessarily anticipated.
American Woodcock and Golden-winged Warbler are not highly visible wildlife, except during specific
breeding months. Communication between monitoring technicians and landowners likely helped to
supplement landowner’s knowledge of their properties in this case [35]. As we show, detections of the
target species by the landowner themselves and by NRCS or NRCS partners influenced landowner
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views on whether management was beneficial for target wildlife. This connection fits with the CHANS
framework developed by Morzillo et al. [28] to explain how wildlife presence could affect landowner
behavior. Fewer landowners perceived that their management had a positive effect on American
Woodcock or Golden-winged Warbler compared to other birds. This is likely explained by the only
partial presence of the target species across all properties, while birds as a group appeared to be
relevant for all properties.

Extensiveness of management persistence was not associated with property area or years since
contract end, indicating that these factors were not major management constraints. The most used
management practices post-program involved habitat maintenance (e.g., herbicide application), while
fewer landowners had created additional early successional forest. These results corroborate previous
research suggesting that landowners are more likely to persist with less intensive and less expensive
management practices [20,42]. The extensiveness of continued early successional forest management
after the program was associated with perceptions of positive program outcomes for forest health,
other birds, bird-watching, and scenery. Research by Farmer et al. [23] similarly found that landowners
who experienced environmental improvements on their land report more conservation actions than
those who perceive unchanged environmental conditions. Landowners in our study were highly
motivated to benefit forest health and birds in general on their properties [26], so it is reasonable that
these program outcomes could influence landowner decision-making.

Our data did not indicate a feedback between target species’ presence and continued early
successional forest management. Golden-winged Warbler presence surprisingly had a negative
relationship with continued management. This relationship could be spurious, as neither landowner
detections of Golden-winged Warbler or perceptions of Golden-winged Warbler outcomes were
correlated with lower management. Landowners may also have been less likely to continue managing
good Golden-winged Warbler habitat as extensively. Overall, results for the target wildlife species may
have been outweighed by broader landowner priorities for conservation program participation [22,43].
This demonstrates a potential limitation for single species conservation efforts. Communicating about
conservation programs in terms of a wider range of benefits could help similar programs match
landowner goals and build participant commitment.

Beyond wildlife, other program benefits involved forest health and scenery, which our findings
suggest were tied to landowner behavior. While we did not collect field data specific to these ecological
concepts, visible changes in forest health or scenery could provide feedback from forest landscapes
to landowners. Future research could operationalize forest health and scenery into measurable
ecological criteria for inclusion in CHANS frameworks. For example, Trumbore et al. [44] offer
a comprehensive summary of forest health indicators, which include disease presence, leaf area,
community structure, and succession-stage diversity. Quality of forest scenery is also based on some
objective conditions, such as tree density and forest species composition (e.g., [45,46]). Examining these
additional ecological indicators would help determine salience to landowners, and highlight areas
for consideration during forest management planning or outreach. Forest characteristics such as tree
density, species composition, adjacent land use, and local land use history were not considered in the
present study, but could influence landowner perceptions of forest change and management outcomes.

The use of a property-scale CHANS model for private landowners has potential applicability
in other forest and habitat management systems. Wildfire fuel reduction [47], invasive species
management [48], and oak forest restoration in the Midwest [49] are all examples of forest management
issues dependent on private landowner involvement. This type of coupled systems model could
also be applied in other contexts where specific wildlife species are targeted on private lands. NRCS
programs targeting Cerulean Warbler (Setophaga cerulea), the eastern hellbender (Cryptobranchus
alleganiensis), and American Black Duck (Anas rubripes) are other examples of species-specific
conservation. The characteristics of a target species may be influential, such as whether a landowner
perceives the species as beneficial or detrimental [50]. Each management context presents unique
challenges in terms of engaging private landowners in conservation and sustaining management
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effort through time. Future research should investigate different private lands management contexts
to explore when coupled system feedback at the landowner level occurs or does not occur. Besides
other management contexts, considering feedback effects over longer time scales could provide a more
complete picture of how outcomes of prior management influence landowner behavior. In our study,
ecological monitoring was only conducted after habitat management actions had taken place. Since
landowner perceptions of outcomes are likely informed by how management changed their property,
measuring baseline ecological conditions as well as post-management outcomes in future research
could be beneficial. Our study also examined a sub-set of forest landowners who had participated in
conservation programs, who were more highly educated and owned more property than typical forest
landowners in these regions [2]. While our goal was not to generalize to the broader population of
forest landowners, including a broader diversity of landowners in future research could provide a
more complete picture of how forest landowners react to management outcomes.

As we have demonstrated, while some landowners receive positive reinforcement from ecological
outcomes on their properties, this feedback may not be universal. The same landscape may be
perceived and interpreted differently depending on an individual’s past experiences and current
purpose [51]. This creates a potential role for agency staff and other conservation professionals to help
facilitate landowner experiences with habitat management outcomes during outreach visits to these
properties. Outreach could help landowners interpret management outcomes positively, regardless of
whether their property results were what they initially expected. Recognizing the multi-faceted nature
of environmental outcomes also provides an important opportunity for professionals to reflect on
alternative interpretations of management success from the local perspective of landowners. While this
study partly focused on flows of information from scientific experts to landowners, landowners hold
important local forest knowledge that could guide both management strategies and measurements of
outcomes [41].

5. Conclusions

Outcomes for target wildlife species did not exert a feedback effect on early successional
forest management by landowners, as our coupled systems model proposed. However, broader
environmental outcomes such as forest health and scenery hold potential as ecological factors that
could inform and encourage landowners to continue forest conservation.

Private landowners face many challenges to manage forest habitat on their lands, even with the
assistance of cost-share programs. When forest management is implemented, landowners may find the
results rewarding or disappointing. Understanding when and why management outcomes encourage
or discourage continued habitat management is an important question for private land conservation in
general. Finding additional ways to evaluate the success of diverse management outcomes and raise
landowner awareness of positive results could help encourage continued conservation.

Supplementary Materials: The following are available online at http://www.mdpi.com/1999-4907/10/6/499/s1,
Table S1: Telephone Survey Instrument.

Author Contributions: A.A.D. and J.L.L. acquired funding; S.H.L. and A.A.D. developed conceptual ideas;
all authors contributed to study design; S.H.L. and D.J.M. conducted data collection; S.H.L. conducted analysis
and drafted the paper; A.A.D., A.D.R., D.J.M., and J.L.L. edited the manuscript.

Funding: This work was funded by the United States Department of Agriculture’s Natural Resources Conservation
Service Conservation Effects Assessment Project (Award #68-7482-15-501). Publishing costs were provided by the
Virginia Tech Open Access Subvention Fund. The funders had no role in study design, data collection and analysis,
decision to publish, or preparation of the manuscript. Any opinions, findings, conclusions, or recommendations
expressed in this publication are those of the author(s) and do not necessarily reflect the views of the U.S.
Department of Agriculture.

Acknowledgments: We are grateful to the landowners who participated in the study, and the NRCS leadership
and field offices who provided support and enthusiasm for our work. We acknowledge the contributions of Emily
Heggenstaller, Renae Veasley, Kirsten Johnson, and Callie Bertsch to the research. Tara Craig designed the graphic
for Figure 1. We thank Marc Stern, Mark Ford, Todd Fearer, and three anonymous reviewers for comments on an
earlier draft.

http://www.mdpi.com/1999-4907/10/6/499/s1


Forests 2019, 10, 499 12 of 14

Conflicts of Interest: The authors declare no conflict of interest. The funders had no role in the design of the
study; in the collection, analyses, or interpretation of data; in the writing of the manuscript, or in the decision to
publish the results.

References

1. Whiteman, A.; Wickramasinghe, A.; Piña, L. Global trends in forest ownership, public income and
expenditures on forestry and forestry employment. For. Ecol. Manag. 2015, 352, 99–108. [CrossRef]

2. Butler, B.J.; Hewes, J.H.; Dickinson, B.J.; Andrejczyk, K.; Butler, S.M.; Markowski-Lindsay, M. US Forest
Service National Woodland Owner Survey: National, Regional, and State Statistics for Family Forest and Woodland
Ownerships with 10+ Acres, 2011–2013; Bulletin NRS-99; US Department of Agriculture, Forest Service,
Northern Research Station: Newtown Square, PA, USA, 2016.

3. DeGraaf, R.M.; Yamasaki, M. Options for managing early-successional forest and shrubland bird habitats in
the northeastern United States. For. Ecol. Manag. 2003, 185, 179–191. [CrossRef]

4. Swanson, M.E.; Franklin, J.F.; Beschta, R.L.; Crisafulli, C.M.; DellaSala, D.A.; Hutto, R.L.; Lindenmayer, D.B.;
Swanson, F.J. The forgotten stage of forest succession: Early successional ecosystems on forest sites.
Front. Ecol. Environ. 2011, 9, 117–125. [CrossRef]

5. King, D.I.; Schlossberg, S. Synthesis of the conservation value of the early-successional stage in forests of
eastern North America. For. Ecol. Manag. 2014, 324, 186–195. [CrossRef]

6. Brooks, R.T. Abundance, distribution, trends, and ownership patterns of early-successional forests in the
northeastern United States. For. Ecol. Manag. 2003, 185, 65–74. [CrossRef]

7. Shifley, S.R.; Moser, W.K.; Nowak, D.J.; Miles, P.D.; Butler, B.J.; Aguilar, F.X.; DeSantis, R.D.; Greenfield, E.J.
Five Anthropogenic Factors That Will Radically Alter Forest Conditions and Management Needs in the
Northern United States. For. Sci. 2014, 60, 914–925. [CrossRef]

8. Fuller, T.K.; DeStefano, S. Relative importance of early-successional forests and shrubland habitats to
mammals in the northeastern United States. For. Ecol. Manag. 2003, 185, 75–79. [CrossRef]

9. Greenberg, C.H.; Perry, R.W.; Harper, C.A.; Levey, D.J.; McCord, J.M. The Role of Young, Recently
Disturbed Upland Hardwood Forest as High Quality Food Patches. In Sustaining Young Forest Communities.
Managing Forest Ecosystems, vol. 21; Greenberg, C., Collins, B., Thompson, F., III, Eds.; Springer: Dordrech,
The Netherland, 2011.

10. Gilbart, M. Under Cover: Wildlife of Shrublands and Young Forest; Wildlife Management Institute: Cabot, VT,
USA, 2012; 87p.

11. Kjoss, V.A.; Litvaitis, J.A. Community structure of snakes in a human-dominated landscape. Biol. Conserv.
2001, 98, 285–292. [CrossRef]

12. Litvaitis, J.A. Importance of early successional habitats to mammals in eastern forests. Wildl. Soc. B 2001, 29,
466–473.

13. Oehler, J.D. State efforts to promote early-successional habitats on public and private lands in the northeastern
United States. For. Ecol. Manag. 2003, 185, 169–177. [CrossRef]

14. Bakermans, M.H.; Ziegler, C.L.; Larkin, J.L. American Woodcock and Golden-winged Warbler abundance
and associated vegetation in managed habitats. Northeast. Nat. 2015, 22, 690–703. [CrossRef]

15. Ciuzio, E.; Hohman, W.L.; Martin, B.; Smith, M.D.; Stephens, S.; Strong, A.M.; Vercauteren, T. Opportunities
and Challenges to Implementing Bird Conservation on Private Lands. Wildl. Soc. B 2013, 37, 267–277.
[CrossRef]

16. Natural Resources Conservation Service (NRCS). Golden-winged Warbler 2018 Progress Report. Available
online: https://www.nrcs.usda.gov/wps/portal/nrcs/detailfull/national/programs/?cid=stelprdb1046990
(accessed on 11 June 2019).

17. Golden-Winged Warbler Working Group (GWWG). Best Management Practices for Golden-winged Warbler
Habitats in the Great Lakes Region. 2013. Available online: www.gwwa.org (accessed on 11 June 2019).

18. Aldinger, K.; Bakermans, M.; McNeil, D.J.; Lehman, J.; Tisdale, A.; Larkin, J.L. Final Report: Monitoring and
Evaluating Golden-Winged Warbler Use of Breeding Habitat Created by the Natural Resources Conservation Service
Practices; A Conservation Effects Assessment Project (CEAP); USDA Natural Resources Conservation Service:
Washington, DC, USA, 2015.

http://dx.doi.org/10.1016/j.foreco.2015.04.011
http://dx.doi.org/10.1016/S0378-1127(03)00254-8
http://dx.doi.org/10.1890/090157
http://dx.doi.org/10.1016/j.foreco.2013.12.001
http://dx.doi.org/10.1016/S0378-1127(03)00246-9
http://dx.doi.org/10.5849/forsci.13-153
http://dx.doi.org/10.1016/S0378-1127(03)00247-0
http://dx.doi.org/10.1016/S0006-3207(00)00167-1
http://dx.doi.org/10.1016/S0378-1127(03)00253-6
http://dx.doi.org/10.1656/045.022.0405
http://dx.doi.org/10.1002/wsb.266
https://www.nrcs.usda.gov/wps/portal/nrcs/detailfull/national/programs/?cid=stelprdb1046990
www.gwwa.org


Forests 2019, 10, 499 13 of 14

19. McNeil, D.J.; Aldinger, K.R.; Bakermans, M.H.; Lehman, J.A.; Tisdale, A.C.; Jones, J.A.; Wood, P.B.;
Buehler, D.A.; Smalling, C.G.; Siefferman, L.; et al. An evaluation and comparison of conservation guidelines
for an at-risk migratory songbird. Glob. Ecol. Conserv. 2017, 9, 90–103. [CrossRef]

20. Dayer, A.A.; Lutter, S.H.; Sesser, K.A.; Hickey, C.M.; Gardali, T. Private landowner conservation behavior
following participation in voluntary incentive programs: Recommendations to facilitate behavioral
persistence. Conserv. Lett. 2018, 11, 1–11. [CrossRef]

21. Bakermans, M.H.; Larkin, J.L.; Smith, B.W.; Fearer, T.M.; Jones, B.C. Golden-Winged Warbler Habitat Best
Management Practices in Forestlands in Maryland and Pennsylvania; American Bird Conservancy: The Plains,
VA, USA, 2011; 26p.

22. Reimer, A.; Weinkauf, D.; Prokopy, L. The influence of perceptions of practice characteristics: An examination
of agricultural best management practice adoption in two Indiana watersheds. J. Rural Stud. 2012, 28,
118–128. [CrossRef]

23. Farmer, J.R.; Ma, Z.; Drescher, M.; Knackmuhs, E.G.; Dickinson, S.L. Private landowners, voluntary
conservation programs, and implementation of conservation friendly land management practices. Conserv.
Lett. 2017, 10, 58–66. [CrossRef]

24. Moon, K.; Cocklin, C. Participation in biodiversity conservation: Motivations and barriers of Australian
landholders. J. Rural Stud. 2011, 27, 331–342. [CrossRef]

25. Race, D.; Curtis, A. Reflections on the Effectiveness of Market-Based Instruments to Secure Long-Term
Environmental Gains in Southeast Australia: Understanding Landholders’ Experiences. Soc. Nat. Resour.
2013, 26, 1050–1065. [CrossRef]

26. Lutter, S.H.; Dayer, A.A.; Larkin, J.L. Young Forest Conservation Incentive Programs: Explaining
Re-Enrollment and Post-Program Persistence. Environ. Manag. 2019, 63, 270–281. [CrossRef]

27. Dayer, A.A.; Stedman, R.C.; Allred, S.B.; Rosenberg, K.V.; Fuller, A.K. Understanding landowner intentions
to create early successional forest habitat in the northeastern United States. Wildl. Soc. B 2016, 40, 59–68.
[CrossRef]

28. Morzillo, A.T.; de Beurs, K.M.; Martin-Mikle, C.J. A conceptual framework to evaluate human-wildlife
interactions within coupled human and natural systems. Ecol. Soc. 2014, 19, 44. [CrossRef]

29. Paudyal, R.; Stein, T.V.; Ober, H.K.; Swisher, M.E.; Jokela, E.J.; Adams, D.C. Recreationists’ Perceptions of
Scenic Beauty and Satisfaction at a Public Forest Managed for Endangered Wildlife. Forests 2018, 9, 241.
[CrossRef]

30. Quinn, J.E.; Wood, J.M. Application of a coupled human natural system framework to organize and frame
challenges and opportunities for biodiversity conservation on private lands. Ecol. Soc. 2017, 22, 39. [CrossRef]

31. Carter, N.H.; Viña, A.; Hull, V.; Mcconnell, W.J.; Axinn, W.; Ghimire, D.; Liu, J. Coupled human and natural
systems approach to wildlife research and conservation. Ecol. Soc. 2014, 19, 43. [CrossRef]

32. Hull, V.; Tuanmu, M.; Liu, J. Synthesis of human-nature feedbacks. Ecol. Soc. 2015, 20, 17. [CrossRef]
33. Meyfroidt, P. Environmental cognitions, land change, and social-ecological feedbacks: An overview. J. Land

Use Sci. 2013, 8, 341–367. [CrossRef]
34. Schlossberg, S.; King, D.I. Postlogging Succession and Habitat Usage of Shrubland Birds. J. Wildl. Manag.

2009, 73, 226–231. [CrossRef]
35. Lutter, S.H.; Dayer, A.A.; Heggenstaller, E.; Larkin, J.L. Effects of biological monitoring and results outreach

on private landowner conservation management. PLoS ONE 2018, 13, e0194740. [CrossRef] [PubMed]
36. McNeil, D.; Fiss, C.; Wood, E.; Duchamp, J.; Bakermans, M.; Larkin, J. Using a natural reference system to

evaluate songbird habitat restoration. Avian Conserv. Ecol. 2018, 13, 22. [CrossRef]
37. Bird Studies Canada (BSC). American Woodcock Singing Ground Survey: A Participants Guide for Ontario;

Bird Studies Canada: Port Rowan, ON, Canada, 2014; 18p.
38. Seamans, M.E.; Rau, R.D. American Woodcock Population Status; U.S. Fish and Wildlife Service: Laurel, MD,

USA, 2017.
39. Jara-Rojas, R.; Bravo-Ureta, B.E.; Díaz, J. Adoption of water conservation practices: A socioeconomic analysis

of small-scale farmers in Central Chile. Agric. Syst. 2012, 110, 54–62. [CrossRef]
40. Singh, R.K.; Murty, H.R.; Gupta, S.K.; Dikshit, A.K. An overview of sustainability assessment methodologies.

Ecol. Indic. 2012, 9, 281–299. [CrossRef]
41. Joa, B.; Winkel, G.; Primmer, E. The unknown known- a review of local ecological knowledge in relation to

forest biodiversity conservation. Land Use Policy 2018, 79, 520–530. [CrossRef]

http://dx.doi.org/10.1016/j.gecco.2016.12.006
http://dx.doi.org/10.1111/conl.12394
http://dx.doi.org/10.1016/j.jrurstud.2011.09.005
http://dx.doi.org/10.1111/conl.12241
http://dx.doi.org/10.1016/j.jrurstud.2011.04.001
http://dx.doi.org/10.1080/08941920.2013.779338
http://dx.doi.org/10.1007/s00267-018-1127-1
http://dx.doi.org/10.1002/wsb.613
http://dx.doi.org/10.5751/ES-06883-190344
http://dx.doi.org/10.3390/f9050241
http://dx.doi.org/10.5751/ES-09132-220139
http://dx.doi.org/10.5751/ES-06881-190343
http://dx.doi.org/10.5751/ES-07404-200317
http://dx.doi.org/10.1080/1747423X.2012.667452
http://dx.doi.org/10.2193/2007-518
http://dx.doi.org/10.1371/journal.pone.0194740
http://www.ncbi.nlm.nih.gov/pubmed/29617388
http://dx.doi.org/10.5751/ACE-01193-130122
http://dx.doi.org/10.1016/j.agsy.2012.03.008
http://dx.doi.org/10.1016/j.ecolind.2011.01.007
http://dx.doi.org/10.1016/j.landusepol.2018.09.001


Forests 2019, 10, 499 14 of 14

42. Jackson-Smith, D.B.; Halling, M.; de la Hoz, E.; McEvoy, J.P.; Horsburgh, J.S. Measuring conservation program
best management practice implementation and maintenance at the watershed scale. J. Soil Water Conserv.
2010, 65, 413–423. [CrossRef]

43. Sorice, M.G.; Oh, C.; Gartner, T.; Snieckus, M.; Johnson, R.; Donlan, C.J. Increasing participation in incentive
programs for biodiversity conservation. Ecol. Appl. 2013, 23, 1146–1155. [CrossRef] [PubMed]

44. Trumbore, S.; Brando, P.; Hartman, H. Forest health and global change. Science 2015, 349, 814–818. [CrossRef]
[PubMed]

45. Ribe, R. The Aesthetics of Forestry: What Has Empirical Preference Research Taught Us? Environ. Manag.
1989, 13, 55–74. [CrossRef]

46. Haider, W.; Hunt, L. Visual aesthetic quality of northern Ontario’s forested shorelines. Environ. Manag. 2002,
29, 324–334. [CrossRef]

47. Spies, T.A.; White, E.M.; Kline, J.D.; Fischer, A.P.; Ager, A.; Bailey, J.; Bolte, J.; Koch, J.; Platt, E.; Olsen, C.S.;
et al. Examining fire-prone forest landscapes as coupled human and natural systems. Ecol. Soc. 2014, 19, 9.
[CrossRef]

48. Fischer, A.; Charnley, S. Private Forest Owners and Invasive Plants: Risk Perception and Management.
Invas. Plant Sci. Manag. 2012, 5, 375–389. [CrossRef]

49. Knoot, T.G.; Schulte, L.A.; Grudens-Schuck, N.; Rickenbach, M. The Changing Social Landscapes in the
Midwest: A boon for forestry and bust for oak? J. For. 2009, 107, 260–266.

50. Kross, S.M.; Ingram, K.P.; Long, R.F.; Niles, M.T. Farmer perceptions and behaviors related to wildlife and
on-farm conservation actions. Conserv. Lett. 2018, 11, 1–9. [CrossRef]

51. Hull, R.B.; Reveli, G.R. Cross-cultural comparison of landscape scenic beauty evaluations: A case study in
Bali. J. Environ. Psychol. 1989, 9, 177–191. [CrossRef]

© 2019 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
article distributed under the terms and conditions of the Creative Commons Attribution
(CC BY) license (http://creativecommons.org/licenses/by/4.0/).

http://dx.doi.org/10.2489/jswc.65.6.413
http://dx.doi.org/10.1890/12-1878.1
http://www.ncbi.nlm.nih.gov/pubmed/23967582
http://dx.doi.org/10.1126/science.aac6759
http://www.ncbi.nlm.nih.gov/pubmed/26293952
http://dx.doi.org/10.1007/BF01867587
http://dx.doi.org/10.1007/s00267-001-0009-Z
http://dx.doi.org/10.5751/ES-06584-190309
http://dx.doi.org/10.1614/IPSM-D-12-00005.1
http://dx.doi.org/10.1111/conl.12364
http://dx.doi.org/10.1016/S0272-4944(89)80033-7
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Introduction 
	Early Successional Forest and Private Lands 
	Conceptual Framework 

	Materials and Methods 
	Avian Monitoring Methods 
	Telephone Survey 
	Statistical Analyses 

	Results 
	Results Overview 
	Perceived Bird Detections (Objective 1) 
	Perceptions of Management Outcomes (Objective 2) 
	Management Persistence (Objective 3) 

	Discussion 
	Conclusions 
	References

